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    Deglutology , like no other medical  fi eld, is in need of convergence of many 
contributory disciplines to develop a transdisciplinary model to further 
improve patient care, advance research, and facilitate education. 

 Despite steady progress in recent years, various aspects of  Deglutology  
have evolved within various medical disciplines resulting in fragmentation of 
expertise, knowledge, and skills which not only have hampered the progress 
of the  fi eld but also have resulted in the fragmented and inconsistent patterns 
of care for patients with dysphagia. 

 The need to remedy this problem was recognized over 2 decades ago, and 
the initial step toward a resolution resulted in the publication of the Dysphagia 
Journal and the formation of the Dysphagia Research Society (DRS). Over 
the past 25 years, the Dysphagia Journal and the DRS have been committed 
to removing the specialty barriers while providing a platform for interdisci-
plinary interaction and collaboration. 

 The vision for the “Principles of Deglutition,” with over 100 contributing 
experts from 12 disciplines, is the convergence of knowledge from various 
 fi elds involved in the care of dysphagic patients and deglutition research to 
help the development of the transdisciplinary model so badly needed for the 
evolution of deglutology. 

 We envision the future  Deglutologist  as a professional with a diverse back-
ground, whose initial and foundational knowledge and skills are derived from 
varied disciplines. In addition they will be equipped with the converged mul-
tidisciplinary knowledge and skills necessary to address the deglutition disor-
ders in its entirety providing all the critical pieces of the puzzle that 
compromises the health and quality of life for so many with dysphagia. 

    Milwaukee, WI ,  USA   Reza   Shaker 
     Sacramento ,  CA, USA   Peter   C.   Belafsky 
   Augusta, GA, USA   Gregory   N.   Postma 
    Milwaukee ,  WI ,  USA   Caryn   Easterling       
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  Abstract 

 The gastrointestinal tract, also de fi ned as the digestive tract, or alimentary 
tract, is a system in the body designed to take in food and liquids, decrease 
and modify the food through mechanical and chemical digestion to absorb 
the end products through the mucosal epithelial cells that line the intestine, 
primarily in the small intestine. Swallowing refers to the functions of the 
oral, pharyngeal, and esophageal regions that begin the process of inges-
tion and digestion, and transport the food to the stomach where the bolus 
is transformed into chyme that is further broken down in the stomach and 
the small intestine. Accessory organs work with the digestive tract and 
include the tongue, salivary glands, pancreas, liver, and gallbladder. The 
 fi nal products eliminated contain mostly  fi ber and bacteria.  

  Keywords 

 Gastrointestinal tract  •  Digestion  •  Swallowing  •  Dysphagia rehabilitation  
•  Deglutition      

   Introduction 

 The gastrointestinal system or digestive system 
refers to one of the several systems in the body 
like the cardiovascular, respiratory, and renal 
systems  [  1  ] . The gastrointestinal tract refers to a 
system in the higher order animals in which 

food and water intake is processed to extract the 
needed nutrients and retain the water while 
removing the  fi ber and some bacteria. The gas-
trointestinal tract develops early in the animal 
kingdom with multicellular animals, and the 
development of this internalized digestive system 
provides a mechanism for animals to support a 
larger body size  [  2  ] . The gastrointestinal system, 
also de fi ned as the alimentary tract, is a long 
muscular tube in the humans extending 15–18 ft 
with multiple accessory organs that include the 
tongue, teeth, and salivary glands of the oral cav-
ity as well as the pancreas, liver, and gallbladder 
(Fig.  1.1 ). Most of these accessory organs secrete 
into the gastrointestinal tract except for the tongue 
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and teeth, which are vital to digestion and the 
transport of food. The gastrointestinal system is 
critical to maintaining water balance in the body 
as the combination of daily water intake with 
secretions by the salivary glands, stomach, intes-
tines, pancreas, and liver into the gastrointestinal 
lumen means much water must be reabsorbed to 

prevent serious water loss to the body. Dysfunction 
of the gastrointestinal tract in maintaining this 
secreted water results in severe dehydration and 
death and is one of the leading reasons for high 
mortality worldwide.  

 While the gastrointestinal system has been 
called the digestive tract, digestion is but one of 

  Fig. 1.1    A schematic of the entire gastrointestinal sys-
tem which includes the oral, pharyngeal, and esophageal 
regions that connect to the stomach, small and large 
intestine, and colon. Accessory organs include the sali-
vary glands, teeth, and tongue of the oral region as well 

as the pancreas, liver, and gall bladder that secrete into 
the small intestine. From A. Vander et al. Human physi-
ology: the mechanisms of body function, 8th ed. New 
York: McGraw Hill; 2001 with permission   
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its four major functions which include ingestion, 
digestion, absorption, and defense. Food is 
ingested through the oral cavity and digested 
mechanically in the oral cavity and stomach as 
well as digested by enzymes secreted in the oral 
cavity, stomach, intestine, and from the pancre-
as’s exocrine portion. Once the mechanical and 
chemical digestion breaks down the food to its 
fundamental building chemicals, these sugars, 
amino acids, and fatty acids are absorbed across 
the epithelial cells lining the mucosa lumen, 
mostly in the small intestine. 

 The neural control of the gastrointestinal sys-
tem is not entirely dependent on the autonomic 
nervous system as are other internal systems like 
the cardiovascular or renal systems. The gastro-
intestinal system has the somatic type of inner-
vation for the oral cavity, pharynx, and part of 
the rostral esophagus in the humans in which 
motoneurons in cranial motor nuclei directly 
innervate the striated muscles. Proceeding more 
caudally in the esophagus, the neural control 
switches to the autonomic nervous system, which 
innervates smooth muscles complemented by 
local neural re fl exes and hormonal modulation 
 [  4,   5  ] . The autonomic nervous system controls 
the remainder of the gastrointestinal system 
beginning with the more caudal esophagus 
through the stomach, small intestine, large intes-
tine, and colon  [  6  ] . 

 The autonomic nervous system works through 
a series of ganglia in the gastrointestinal wall and 
these ganglia compose the enteric nervous sys-
tem. The enteric nervous system is composed of 
a series of ganglionic nerve plexi that extend 
from the esophagus to the rectum and contain 
over a million neurons. These ganglionic plex-
uses are either located in the submucosal region 
below the epithelial cells that compose the 
mucosa or between the circular and longitudinal 
muscle layers and de fi ned as the myenteric plexus 
 [  7  ] . The neurons in these ganglia provide a highly 
independent local control for the gastrointestinal 
system independent of the autonomic neurons 
proceeding from the brain stem. Cells in the gas-
trointestinal tract beginning with the stomach 
secrete a variety of hormones which can affect 
secretion of enzymes and motility (i.e. ,  gastrin, 

cholecystokinin, secretin), and include many 
peptides that are also transmitters in the central 
nervous system. Secretin was the  fi rst hormone 
discovered by physiologists.  

   Four Major Functions 

   Ingestion 

 Ingestion refers to several functions which begin 
with bringing the food into the mouth by incising, 
biting   , or sipping the food and/or liquid  [  8,   9  ] . The 
tongue, cheek, and lip muscles maneuver the food, 
and the complex process begins in which the food 
is manipulated to soften it, transport it to the poste-
rior teeth for mastication, and further manipulate it 
for additional chewing until smaller sizes are 
achieved, suf fi cient for the tongue to transport the 
boluses toward the pharynx  [  10,   11  ] . The different 
functions of digestion include an initial oral prepa-
ratory phase. During this period, the masticated 
food becomes smaller material. During the oral 
manipulation, the salivary glands secrete  fl uids 
with enzymes that can begin the digestion phase 
that involves the breaking down of the food to 
smaller particles and their primary elements. 
Digestion begins in the oral cavity with both alpha 
amylase, which with initiates the chemical break-
down of starches, and lipase, which begins some 
digestion of fats. Once the food reaches the pharyn-
geal mucosa, it induces pharyngeal swallowing. 
More recent evidence suggests that the oral phase 
of swallowing may be more tightly bound to the 
pharyngeal phase of swallowing so that the two 
may be considered one continuous motor act  [  12  ] .  

   Digestion 

 Digestion involves breaking food into smaller 
particles, and this occurs both mechanically and 
chemically. Mastication occurs in both the oral 
cavity with the teeth, and in the stomach with 
powerful muscles continually massaging the food 
into a sticky-like substance called chyme that 
must proceed through a narrow passage to enter 
the small intestine. Chewing with the teeth and 
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contraction of the gastrointestinal muscles in the 
stomach mechanically convert food to products 
that can be absorbed. Complementing the 
mechanical breakdown of the food is the chemi-
cal digestion of food products to their ultimate 
elements and involves enzymes that are secreted 
by the salivary glands (i.e. ,  amylase, lipase), 
stomach (pepsinogen), and pancreas as well as by 
cells lining the gastrointestinal lumen. Starches 
are converted to monosaccharides, proteins 
become dipeptides and amino acids, and fats 
become monoglycerides and free fatty acids so 
they can pass from the lumen of the gastrointestinal 
tract through the mucosal epithelial cells of the 
small intestine to the capillaries of the cardiovas-
cular system and to the lymph glands. Some fats 
involve an additional action through emulsion to 
assist in their digestion. It is interesting to note 
that 50 % of the average Western diet is com-
posed of starches. The average diet in the indus-
trialized countries contains almost double the 
protein required by the body daily. Fiber comes 
from the carbohydrates, cellulose and pectin, and 
is not digested, but does absorb water creating a 
bulk form that stimulates intestinal motility.  

   Absorption 

 Absorption refers to the process by which the 
products of digestion are taken from the gastroin-
testinal lumen into the blood and lymph glands. 
Nutrients, water, and electrolytes move across 
the epithelial cells primarily in the small intes-
tine, and water also moves across the epithelium 
of the small and large intestine and colon. The 
epithelial cells transport the fundamental ele-
ments of each of the three broad categories of 
food, carbohydrates, proteins, and lipids, using a 
variety of membrane protein carriers that move 
the sugars, amino acids, and fatty acids into the 
epithelial cells. The absorption of sugars and 
amino acids occurs more in the middle level of 
the small intestine (i.e., jejunum), while most 
fatty acids, vitamins, and ions like calcium are 
absorbed in the upper small intestine (i.e. ,  duode-
num). Bile salts are reabsorbed in the lower small 
intestine (i.e. ,  ileum).  

   Defense 

 The gastrointestinal tract mucosa is the largest 
surface area of the body exposed to the environ-
ment, far more than the skin due to its numerous 
invaginations and deep pits of mucosa beginning 
with the stomach and proceeding caudally 
through the intestines. The gastrointestinal tract 
needs to protect the body against ingested viruses, 
bacteria, and toxins. The salivary glands secrete 
some lysozymes while the stomach has special 
epithelial cells that secrete hydrogen ions in the 
form of hydrochloric acid (HCl) which lowers 
the pH of the stomach lumen to highly acidic 
levels, thus killing many bacteria and viruses.    

   Deglutition 

 The gastrointestinal tract is complex with varied 
functions from the oral cavity to the colon so that 
experts in the  fi eld often specialize in particular 
subfunctions and regions of the gastrointestinal 
tract. This two volume series is dedicated to 
experts and specialists that work in the  fi eld of 
swallowing and its disorders. This includes spe-
cialists in radiology, esophageal and stomach dis-
orders, and otolaryngologists, as well as speech 
pathologists who have focused on swallowing ver-
sus the vocalization functions of the oral, pharyn-
geal, and laryngeal regions. As is true in so many 
 fi elds, the clinicians who treat the patients often 
are ahead of the science that provides the basic 
understanding of the underlying mechanisms. 
Trial-and-error approaches through caregivers to 
patients with dysphagia often provide the next 
level of new diagnostic and treatment modalities. 
It can be the caregiver who provides the next level 
of innovation. Such dedicated people working in 

Four major functions of the gastrointestinal 
tract

   Ingestion  • 
  Digestion  • 
  Absorption  • 
  Defense   • 
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swallowing and dysphagia continually search the 
fundamental research to provide a basis for their 
work, and the interaction among basic scientists, 
clinician scientists, and clinicians provides an 
effective method to improve health care. 

   Oral Phase of Swallowing 

 The oral phase of swallowing refers to transport-
ing the food broken by chewing toward the phar-
ynx and may be an integral part of the pharyngeal 
swallow  [  13  ] . In the oral phase, the tongue develops 
a squeezing-like action, analogous to squeezing a 
tube of toothpaste, as the bolus is held between 
the tongue and palate  [  9  ] . The bolus is pushed 
posteriorly to the opening of the pharynx. The 
oral phase integrates with ingestion and chewing 
so that the oral cavity is performing multiple and 
different motor functions with a purpose of 
decreasing the initial food to a size that can be 
swallowed through the pharynx and esophagus. 
The complex interaction of these different motor 
responses requires extended sensory feedback 
and coordination of the central nervous system 
 [  14  ] . The contribution of the different cortical 
regions to controlling regions of the brain stem 
which have groups of interneurons (i.e. ,  central 

pattern generators) that induce sequences of 
recruitment of motoneurons in different cranial 
motor nuclei for chewing and pharyngeal swal-
lowing remains to be fully elucidated. 

 The oral phase of swallowing relates to a com-
plex set of motor movements which coordinate the 
tongue, mandible, and hyoid bone (Fig.  1.2 ). The 
oral phase is one aspect of a series of oral move-
ments that include incising, transporting food to 
the posterior teeth, mastication or chewing food to 
break it down to smaller sizes, and then moving 
the small boluses posteriorly toward the orophar-
ynx with squeezing-like actions of the tongue with 
the palate  [  15  ] . These separate movement patterns 
are coordinated to process the original food to 
boluses of smaller size through chewing, and then 
manipulating the small boluses so they can be 
transported posteriorly toward the pharynx. The 
oral phase is tied to the pharyngeal phase in that it 
moves food posteriorly and caudally into the phar-
ynx setting up a sensory input that triggers the pha-
ryngeal swallow. Most of the actions of the oral 
cavity in transporting food to the posterior teeth, 
chewing, and then propelling the bolus posteriorly 
are unconsciously conducted based on continued 
sensory feedback from the oral region, but can be 
consciously controlled for each individual motor 
response. The tongue and palate have some of the 

  Fig. 1.2    A lateral view of an adult from a cone beam 
computed tomography (CBCT) scan which allows 
illustrating bone, such as the mandible, as well as the 
facial pro fi le and airway. The CBCT scan was com-

pleted with a Hitachi MercuRay unit (Hitachi, Tokyo, 
Japan) with a 9.6 s scan. The software that develops the 
images is Anatomage In Vivo (Anatomage, San Jose, 
CA, USA)       
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highest density of touch and pressure sensory 
 fi bers which provide complex input that is pro-
cessed and further characterized in terms of 
texture, shape, and size  [  16  ] . Sensory  fi bers 
responding to changes in temperature also inner-
vate the oral cavity and provide information as to 
the relative level of bolus temperatures.    

   Pharyngeal Phase of Swallowing 

 The pharynx is unique in the gastrointestinal tract 
as it provides a conduit for two distinct functions 

which have to be separated: the passage of air and 
the transport of boluses of food and liquids  [  17  ] . 
The pharynx functions for the majority of a 24-h 
period as a respiratory conduit to provide passage 
of air during both inspiration and expiration 
(Fig.  1.3 ). Normally, in quiet resting conditions, 
most human subjects breathe in (i.e. ,  inspire) 
through their nasal passages into the pharynx and 
through the vocal cords into the trachea to move 
a bolus of air into the alveoli of the lungs for gas 
exchange with the surrounding capillaries. 
Expiration involves expelling a portion of this air. 
In contrast, during eating and drinking, the cen-
tral nervous system shifts the function of the 
pharynx to become a conduit for passing food 
and liquid to the esophagus  [  18  ] . The pharyngeal 
phase of swallowing refers to the transport of the 
bolus through the pharynx into the esophagus 
during which the normal respiratory function of 
the pharynx ceases. Aspiration of food and liq-
uids into the trachea toward the lungs as well as 
rostrally into the nasopharynx and nasal passages 
is prevented by coordinated activity of muscles 
around the  pharynx as the pharynx elevates and 
then peristaltically contracts to move the food 

  Fig. 1.3    A video fl uoroscopic lateral view of an adult 
swallowing a barium bolus while sensors pick up changes 
in air fl ow depicting inspiration and expiration. From B. 

Martin-Harris et al. Otolaryngol Head Neck Surg 
2005;133(2):234–40 with permission       

Ingestion includes:
   Bringing the food or liquid into the oral • 
cavity  
  Manipulation of the food with saliva as • 
part of the oral preparatory stage  
  Transporting the food to the posterior • 
teeth for oral mastication  
  Transporting the food to the pharynx; • 
the oral phase of swallowing   
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caudally. Peristaltic contractions occur with the 
pharynx and esophagus, and can occur in the 
stomach, which begins to demonstrate additional 
types of contraction patterns. The smooth mus-
cles of the intestines do not demonstrate peristal-
tic contractions as seen with the pharynx or 
esophagus but rather have complex motor 
responses such as segmentation and migrating 
motor responses.  

 The pharyngeal phase of swallowing has 
been de fi ned clinically with video fl uoroscopy as 
well as with manometric measurements. New 

approaches are now providing three-dimensional 
imaging in real time for each swallow (Fig.  1.4 ) 
as well as cross-sectional views (Fig.  1.5 )  [  19  ] . 
Pressure measurements are now possible in three 
dimensions with high-resolution manometry 
(Fig.  1.6 ). The pharyngeal phase of swallowing 
can be de fi ned by its biomechanical properties 
and modeled  [  21  ] . Computer models have been 
developed to demonstrate how the tongue, jaw, 
and hyoid bone can move with contraction of 
speci fi c muscles and are beginning to include the 
pharyngeal muscles (Fig.  1.7 )  [  22  ] .      

  Fig. 1.4    Example of a swallow by one individual in 
which the entire volume of the bolus is depicted in real 
time at 0.1, 2.0, 2.2, 2.3, and 2.4 s ( a – e ) after the start of 
swallowing using a 320-detector-row multislice CT scan-
ner from Aquilion One, Toshiba Medical Systems. The 

upper row demonstrates the  lateral view  while the middle 
row shows the  anterior view , and the lower row depicts 
the  inferior view . The contrast medium is depicted in  yellow  
and the airway is  blue . From N. Fujii et al. Dysphagia 
2011;26(2):99–107 with permission       
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   Esophageal Phase of Swallowing 

 The esophagus is isolated from the pharynx by 
the upper esophageal sphincter and from the 
stomach by the lower esophageal sphincter  [  23  ] . 
The opening of these sphincters is tightly timed 
to open as boluses of food and water reach them. 

The upper esophageal sphincter, or pharyngo-
esophageal sphincter, is normally closed and then 
relaxes during pharyngeal swallowing, and then 
closes again as the food moves caudally in the 
esophagus toward the stomach  [  24  ] . The upper 
one-third of the human esophagus is composed 
of striated muscle which is under direct control of 

  Fig. 1.5    Example of a swallow by one individual in 
which the entire volume of the bolus is depicted in real 
time in midsagittal ( upper ) and axial ( lower ) images at 
0.1, 2.0, 2.2, 2.3, and 2.4 s ( a – e ) after the start of swallow-
ing. The changes in the soft tissue and the movement of 

the hyoid bone and larynx, and the position of the contrast 
medium are shown. Abbreviations are:  ac  arytenoid carti-
lage;  cc  cricoid cartilage. From N. Fujii et al. Dysphagia 
2011;26(2):99–107 with permission       

  Fig. 1.6    High-resolution manometric measurement shows 
the esophageal pressure activity from the pharynx to the 
stomach. The spatiotemporal plot shows what the line 
pressure measures show. Time is shown on the horizontal 
axis while the distance from the nares is depicted on the 

vertical axis. The images are acquired by a 36 channel SSI 
Manoscan 360 unit. Abbreviations:  UOS  upper esophageal 
sphincter,  LOS  lower esophageal sphincter,  prox  proximal, 
 mid  midsection,  dist  distal. From M.R. Fox and A.J. 
Bredenoord. Gut 2008;57(3):405–23 with permission       
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motoneurons located in the nucleus ambiguus, 
one of the cranial motor nuclei involved with 
swallowing  [  25–  28  ] . The lower two-thirds of the 
human esophagus is composed of smooth muscle 
innervated by motoneurons located in ganglia, 
not in the brain stem  [  29  ] . The preganglionic neu-
rons are located in the dorsal motor nucleus of 
the vagus nerve in the brain stem and send their 
axons through the vagus nerve to the ganglia in 
the gastrointestinal tract  [  28  ] . Despite the transi-
tion from striated muscles to smooth muscles in 
the esophagus and the shift in the location of the 
type of motoneuron, the esophagus demonstrates 
a peristaltic contraction sequence progressing 
caudally during the esophageal swallowing     [  7, 
  30–  33  ] . Peristalsis is a coordinated pattern of 
muscle contractions and relaxation that is a wave-
like activity  [  17  ] . It begins in the pharynx and 
proceeds caudally through the esophagus. The 
strength of the peristaltic contraction depends 
upon sensory feedback evident when food is 
present. The volume of a bolus can enhance the 
contraction of the muscles in the pharyngeal 
phase of swallowing and increase the intensity of 
esophageal contraction. The presence of a bolus 
in the esophagus can induce secondary peri-
stalsis without primary initiation from central 
nervous system.   

   Saliva 

 Saliva refers to the secretions from three major 
glands (i.e., parotid, submandibular, and sublin-
gual) and several additional glands that express 
their alkaline  fl uid into the oral cavity and partially 
into the pharynx. The three major glands secrete 
95 % of the saliva which is composed of water, 
proteins, and electrolytes  [  34  ] . The submandibular 
and sublingual glands secrete a  fl uid higher in pro-
teins than the parotid glands so that it is a thicker 
consistency. Saliva is higher in bicarbonate 
(HCO 3− ) than plasma, which accounts for the 
higher pH of saliva than blood. Saliva has multiple 
functions including neutralizing acids secreted by 
oral bacteria as well as acid that regurgitates from 
the stomach. Saliva includes some antibodies to 
bacteria and lyso-zymes that digest bacterial walls. 
Saliva also cools hot foods ingested. Enzymes 
secreted by the salivary glands begin the digestion 
phase. Alpha-amylase degrades starches into 
disaccharides and begins the process of carbohy-
drate digestion that continues in the stomach and is 
then complemented by amylase secreted by the 
pancreas into the small intestine. 

 The salivary glands are like most of the tissues 
in the gastrointestinal tract below the upper esopha-
gus in which the autonomic nervous system inner-

  Fig. 1.7    A computer model of the craniofacial region 
with muscles simulated to determine the movement of 
the  mandible and hyoid bone. From I. Stavness et al. An 

integrated dynamic jaw and laryngeal model constructed 
from CT data. Berlin: Springer; 2006:169–77 with 
permission       
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vates these target tissues. In contrast, the striated 
muscles of the tongue, pharynx, larynx, and upper 
esophageal regions have motoneurons innervating 
the muscles, and the cell bodies of the motoneurons 
reside in the brain stem in cranial motor nuclei (i.e. ,  
hypoglossal, nucleus ambiguus)  [  35  ] . Autonomic 
innervation means that both the sympathetic and 
parasympathetic nervous systems, which differ 
anatomically and use different transmitters in their 
postganglionic neurons, can innervate the same tar-
get organs. The salivary glands are unique in that 
both the sympathetic and parasympathetic nervous 
systems enhance their secretions, in contrast to 
their antagonistic roles with the rest of the gastroin-
testinal system. The sympathetic induces smaller 
volumes of saliva that are richer in proteins, while 
parasympathetic innervation enhances the volume 
of salivary secretion primarily by vasodilatation of 
the vessels near the fundamental units of the sali-
vary gland, the acinar and duct cells.  

   Control of the Gastrointestinal Tract 

 Secretions and motor movements of much of the 
gastrointestinal tract, beginning with the stomach 
and proceeding caudally, are controlled by the auto-
nomic nervous system and the enteric nervous sys-
tem. The autonomic neural control has been de fi ned 
by three phases: cephalic, gastric, and intestinal. 
The cephalic phase refers to the inducement of 
secretions like saliva into the oral cavity, acid into 
the stomach, and pancreatic enzymes and liver bile 
into the small intestine before the food reaches the 
organ. The sight, smell, or thought of food will 
induce this active autonomic drive. The gastric and 
intestinal phases refer to how various food products 
will further alter secretions in the stomach and intes-
tine when the food is at those sites. Saliva secretion 
is affected by both a preoral stimulation as well as 
when the food is in the oral cavity.  

   Oral Cavity 

 The oral cavity is unique in the gastrointestinal 
tract as it has the tongue as an organ that trans-
ports food and liquid anteriorly and posteriorly as 

well as manipulates the food with the cheek mus-
cles in order for the posterior teeth to masticate 
 [  10,   11  ] . The tongue is composed of extrinsic and 
intrinsic striated muscles that can alter their shape 
and position to manipulate food boluses. The 
tongue has the ability to alter shape and modify 
its force of contraction in speech, mastication, 
respiration, and in both the oral and pharyngeal 
phases of swallowing  [  36  ] . Control of the mus-
cles that retract the tongue as compared to the 
one muscle that protrudes (i.e. ,  genioglossus) the 
tongue is often re fl exively determined. 

 The oral and pharyngeal cavities also have a 
unique set of sensory  fi bers that respond to differ-
ent types of chemicals which range from sweet to 
sour, bitter, and salty  [  14,   37–  39  ] . These taste 
sensory  fi bers have terminal endings with recep-
tors that respond to speci fi c chemicals, and while 
covering much of the tongue surface, also inner-
vate the palate and pharyngeal mucosa. These 
taste sensory  fi bers synapse in the brain stem 
within the nucleus tractus solitarius more ros-
trally than the sensory  fi bers that directly trigger 
pharyngeal swallowing. Sour boluses enhance 
salivation and affect the pharyngeal phase of 
swallowing suggesting that some sensory  fi bers 
responding to certain chemicals facilitate or 
directly trigger the pharyngeal swallow  [  40  ] .  

   Integrating the Cortex and Brain Stem 
in Control of Pharygneal Swallowing 

 The neural control of swallowing changes through 
the three phases of swallowing  [  41  ] . The oral 
phase depends upon multiple cortical sites that 
interact with regions of the brain stem which have 
interneuron groups dedicated to sequential con-
traction of mandibular, tongue, and hyoid mus-
cles. A region of the brain stem near the trigeminal 
motor nucleus controls the sequence of jaw mus-
cles that provide a cyclic contraction that moves 
the jaw in chewing-like or  fi ctive movements 
 [  42,   43  ] . The timing and intensity of these jaw 
muscle contractions can be modi fi ed by stimulat-
ing speci fi c regions of the cortex. Excellent work 
in the awake monkey using microstimulation and 
microelectrode recording depicts how the cortex 
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is organized to control the tongue muscles and 
swallowing  [  44  ] . The concepts of cortical and 
brain stem interaction, and the contribution of 
each, have changed most with the pharyngeal 
swallow  [  45  ] . Several studies have shown that the 
brain stem has a region of the nucleus tractus 
solitarius with neurons that discharge in various 
sequences like the muscles recruited from multi-
ple motoneuron pools in several cranial motor 
nuclei, and that, in some species, there is a more 
ventral region which transmits the timing dis-
charges to different motoneuron pools (Fig.  1.8 ) 
 [  46  ] . The concept that the cortex is vitally 
involved with the brain stem in controlling swal-
lowing is well documented  [  47  ] . The studies in 
the brain stem suggest that groups of interneu-
rons can be triggered to discharge in sequence to 
control a multimotor output that has a sequence 
 [  46  ] . Such groups of interneurons have been 
well studied in invertebrate nervous systems and 

are well documented in the mammalian CNS 
including sites controlling jaw movements as 
well as pharyngeal swallowing  [  48–  50  ] . Such 
groups of interneurons are represented in the 
nucleus tractus solitarius and are triggered into 
sequential all or none action by speci fi c sensory 
inputs  [  51,   52  ] .  

 Sensory feedback from the oral and pharyn-
geal region can modify the intensity of the pha-
ryngeal swallowing phase indicating that sensory 
input probably synapses centrally in both the 
brain stem and cortex, particularly as related to 
the volume of the bolus being swallowed  [  53  ] . 
Cortical studies of subjects swallowing both 
spontaneously and on command  [  54,   55  ] , as well 
as studies of patients with dysphagia induced by 
a cortical stroke  [  56,   57  ] , have implicated several 
cortical and subcortical sites  [  58  ] . 

 Once the bolus begins to enter the pharynx, it 
triggers a region of the nucleus tractus solitarius 

  Fig. 1.8    Schematic of the nucleus tractus solitarius located 
in the brain stem and the location of sensory inputs from 
different regions of the gastrointestinal tract. The sche-
matic shows the distribution of primary afferents from the 
alimentary canal to the dorsomedial medulla of the rat. 

Most of the esophageal afferents project to the central sub-
nucleus. Abbreviations include:  DMX  dorsal motor 
nucleus of the vagus nerve,  AP  area postrema,  Gr  gracile 
nucleus,  cc  central canal. From E.T. Cunningham and P.E. 
Sawchenko. Dysphagia 1990;5(1):35–51 with permission       
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which sets up a sequence that proceeds to recruit 
motoneurons in multiple cranial motor nuclei 
 [  46  ] . The esophageal phase depends upon a 
sequential triggering of interneurons within a 
speci fi c subnucleus of the nucleus tractus soli-
tarius. The esophageal phase depends on coor-
dination of output from the dorsal motor nucleus 
of the vagus, which provides the preganglionic 
neurons that innervate the ganglia in the esophagus 
to excite the postganglionic neurons innervating 
the smooth muscle portion.  

   Rehabilitation in Dysphagia 

 Dysphagia refers to multiple swallowing disor-
ders which have different etiologies  [  59  ] . Some 
of these disorders relate to peripheral mecha-
nisms that can be assisted by surgical approaches. 
However, damage to the central nervous system, 
as in a cortical infarct, raises the issue of how to 
replace a permanently damaged region of the 
cortex  [  60  ] . Rehabilitation requires retraining the 
remaining central neural pathways through exer-
cise and practicing motor movements with the 
concept that the central nervous system will 
strengthen remaining alternative pathways to 
facilitate a motor action or accomplish the motor 

response originally controlled by the damaged 
region with the lost neurons (Fig.  1.9 )  [  61–  65  ] . 
Stimulation of the cortex directly, as with elec-
trical or magnetic  fi elds, can alter the representa-
tion of the muscles or motor movement in that 
sensorimotor cortex  [  66  ] . Increasing sensory 
input to the cortex in a damaged central nervous 
system can also reorganize a cortical site  [  67–  69  ] . 
Taste may also affect cortical activity of the swal-
lowing pathway in the normal subject  [  70  ] . 
Rehabilitation can also work through strengthen-
ing the end organ, the target tissue or muscles, 
which become stronger and develop more force 
with repeated exercise against high loads  [  71,   72  ] , 
or become more fatigue resistant with increased 
frequency of use which enhances blood supply to 
the muscle and muscle  fi bers and alters their mito-
chondrial number to be more oxidative  fi bers.  

 Exercising muscles of the tongue and oropha-
ryngeal region through vocal exercises can 
improve the use of these muscles in swallowing. 
Practicing speci fi c tongue movements can improve 
the tongue movements in swallowing. Electrical 
stimulation to submental muscles with inserted 
intramuscular  fi ne wires allows a patient to improve 
her/his elevation of the larynx through recruitment 
of a suprahyoid muscle  [  73,   74  ] . Transcranial 
magnetic stimulation applied to the cortex can 

  Fig. 1.9    Schematic indicating how rehabilitation might be approached using external interventions. From R.E. Martin. 
Dysphagia 2009;24(2):218–29 with permission       
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affect the learning of motor movements  [  75  ] . 
Much of the future studies in swallowing and 
dysphagia will concentrate on mechanisms and 
approaches to rehabilitate swallowing in a dam-
aged nervous system  [  76  ] .       
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   Swallowing and Deglutition 

 Swallowing encompasses the act of placing food/
liquid into the mouth, and deglutition, which is 
the actual movement of the bolus (ball of food/
liquid) from the oral cavity to the stomach. In 
addition to the oral cavity, the pharynx, larynx, 

and esophagus are involved in the swallowing 
process  [  1  ] . Swallowing is a complex process 
involving careful coordination of several mus-
cles, in a  fi nely balanced action involving both 
sensory and motor systems. It is a basic re fl ex 
that is modi fi ed consciously by the swallower 
 [  2  ] . Swallowing involves activation in several 
areas of the cortex called the “cortical swallow-
ing network”  [  3  ] , and requires activation of sev-
eral cranial nerves, including the trigeminal, 
glossopharyngeal, and vagal nerves  [  2  ] . 

 There are four stages to the normal swallow: 
the oral preparatory phase, the oral transit 
phase, the pharyngeal phase, and the esophageal 
phase  [  1  ] . The  oral preparatory phase  begins 
with recognizing the food/liquid on its utensil 

  2      Gustation, Olfaction, 
and Deglutition       

     Carmel   Ryan    and    Thomas   Hummel         

    C.   Ryan    
     Kean University, School of Communication 
Disorders and Deafness ,   Union ,  NJ ,  USA  

      T.   Hummel ,  MD   (�)
     Technical University of Dresden Medical School, 
Smell and Taste Clinic, Department of 
Otorhinolaryngology ,   Dresden ,  Germany    
e-mail:  thummel@mail.zih.tu-dresden.de   

  Abstract 

 Interactions occur between the chemical senses and swallowing, in 
 particular retronasal and orthonasal olfaction, as well as gustatory and 
trigeminal factors. The swallow is impacted differentially by mixed sen-
sory stimuli, including the addition of visual stimuli, and manipulation of 
bolus taste and temperature. Studies have investigated the impact of these 
sensory manipulations on the disordered swallow, particularly for disor-
ders of the pharyngeal stage. A variety of populations with swallowing 
disorders have responded to treatments using chemosensory stimulation. 
However, it remains unclear whether the key facilitator for improvement 
of the disordered swallow is olfactory, gustatory, or trigeminal. A combi-
nation of stimuli seems to be indicated.  

  Keywords 

 Eating  •  Nutrition  •  Olfaction  •  Smell  •  Swallow      



20 C. Ryan and T. Hummel

approaching the mouth, placement in the mouth, 
and then processing of the food/liquid by the 
oral structures (tongue, teeth, and jaw, with the 
involvement of the lips, cheeks, hard and soft 
palate). The  oral phase  initiates when the tongue 
moves the food/liquid (known as the bolus) pos-
teriorly, ready for the pharyngeal swallow; this 
involves complex coordination so that the bolus 
is well formed and positioned for the next stage 
without premature leakage into the pharynx. 
This stage ends and the  pharyngeal phase  occurs 
when the bolus is moved through the pharynx to 
the  esophagus. Then in the  esophageal stage  the 
bolus is passed through the esophagus to the 
stomach  [  1  ] . 

 Each phase can vary slightly in duration and 
nature, depending on the type and quantity of 
input (food or liquid); for the swallow to occur, 
typically something (food, liquid, or saliva) must 
be in the mouth. The  fi rst two stages are under 
voluntary control by the swallower, whereas the 
latter two stages are under involuntary control, 
although there must be voluntary initiation of 
swallowing for it to begin  [  1  ] . 

 Swallowing is modulated by factors such as 
age and gender.  With age  it changes in a number 
of ways, with many senile changes seen as a nor-
mal consequence  [  1,   4  ] . People in their 60s are 
thought to experience a longer oral phase and 
slower/less ef fi cient clearance of the bolus, more 
often with residue in the pharynx; older people 
also take longer to trigger the swallow  [  5  ] . By the 
1970s and 1980s, the larynx is lower in the neck, 
and arthritic changes affect the bone/cartilage 
structures, reducing  fl exibility, and strength of 
movements, resulting in multiple swallows to clear 
residue from the pathways  [  1  ] . As well as changes 
to the anatomical and physiological compo-
nents, there are changes to the peripheral and 
central (cortical) functions during the swallow 
 [  5  ] .  Gender  has also been considered a factor, 
perhaps in fl uenced by bolus size, or anatomical 
size differences, although no clear patterns have 
been established  [  1,   4  ] . It should be noted that 
there are also neurophysiological changes with 
increased age; not only do older adults have later 
onset of the pharyngeal swallow and increased 
residue in the pharynx, but they show an increase 

in the number of cortical regions involved during 
swallowing  [  5  ] . 

 The respiratory system is also intimately 
involved in the act of deglutition. As the pharyn-
geal phase of swallowing occurs, respiration is 
paused  [  1  ] . Typically it is the exhalation phase of 
respiration that is interrupted by swallowing; this 
is thought to be an additional safeguard, so that if 
there should be any residue in the airway, exhala-
tion will help to clear it  [  1  ] . 

 As the bolus is moved posteriorly during the 
oral stage of the swallow, sensory information is 
sent from receptors in the tongue and oropharynx 
to the brain to trigger the pharyngeal swallow  [  1  ] . 
The point in the swallowing mechanism at which 
the pharyngeal swallow is triggered is thought to 
be when the head of the bolus reaches where the 
tongue base crosses the lower edge of the 
 mandible (or jaw)  [  1  ] .  

   Interactions Between the Chemical 
Senses and Swallowing 

 Most people are familiar with “orthonasal” 
olfaction, where odorants reach the olfactory 
epithelium during snif fi ng  [  6  ] . Less familiar is 
“retronasal” olfaction which allows us to perceive 
odor during eating and drinking when odors reach 
the olfactory epithelium by passing from the 
mouth through the pharynx to the olfactory cleft 
 [  7 ,  33  ] . Thus the major difference between 
orthonasal smelling and retronasal smelling is 
the direction of air fl ow. Interestingly, the olfac-
tory receptors react differently depending on the 
direction of air fl ow which may be a basis for the 
differentiation between ortho- and retronasal 
smells  [  8  ,  36 ] . Speci fi cally, odors bind differen-
tially to the epithelium in a chromatographic way 
related to the direction of the air fl ow, from front 
to back or vice versa  [  9  ] . Both smell systems, 
along with the gustatory and trigeminal systems 
interact with the motor system and our cognitive 
status to form our perception of  fl avor  [  8  ]  with 
the major purpose to control the intake of foods/
drinks into the body. 

 Similar to the swallowing process, chemosen-
sory function is subject to both  age  and  gender . 
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Speci fi cally, the olfactory, trigeminal, and gustatory 
systems have been shown to deteriorate with 
aging  [  10 ,  34  ] . Also, the chemosensory systems 
interact tightly with each other. Interestingly, 
these interactions occur very early in the process-
ing of this information, likely at a subcortical 
level  [  11–  13 ,  30  ] , often in the form of a mutual 
ampli fi cation of the perceived intensity. However, 
the opposite may also be possible  [  14  ] . When 
people lose olfactory sensitivity they seem to lose 
trigeminal  [  15  ]  and gustatory sensitivity as well, 
 [  2  ]  which has been explained largely by the loss 
of mutual ampli fi cation. 

 The chemical senses also in fl uence swallowing 
(for review, see  [  16  ] ). Welge-Lüßen et al.  [  17  ]  
examined the effects of paired olfactory and gusta-
tory stimuli on swallowing. They were interested 
in the differential effects of orthonasal versus ret-
ronasal presentation of an odor. Both the frequency 
and the speed of swallowing were signi fi cantly 
enhanced using retronasal presentation. Another 
study  [  18  ]  investigated the question whether ortho- 
or retronasal stimulation has a speci fi c effect on 
taste-related perceptions with regard to the various 
phases of the swallowing process. The authors 
presented ortho- and retronasal olfactory stimuli 
while subjects received oral stimuli of two differ-
ent consistencies at the same time (milk, milk plus 
thickener). Among other dimensions subjects rated 
the “creaminess” of the oral stimulus. Interestingly, 
signi fi cant effects for creaminess were only found 
for retronasal stimuli, and here the effect was most 
pronounced during the phase when swallowing 
occurred compared to other phases (no oral stim-
ulus, mouth  fi lling, movement of oral stimulus). 
Thus, creaminess of the oral stimulus was rated 
highest during a phase where the retronasal stimu-
lus actually could reach the nasal cavity—which 
was not possible during other phases   . 

 A central-nervous connection between retro-
nasal olfactory stimulation and swallowing may 
be established through brain areas  [  19  ]  related to 
mastication and oral activity which are activated 
by retronasal olfactory stimulation to a much 
higher degree compared to orthonasal stimula-
tion (see also  [  20  ] ). 

 There is also some evidence that taste, and 
here especially sour  [  4,   5,   21–  23  ] , plays a certain 

role in the initiation of swallowing. For 
clari fi cation, taste as opposed to retronasal olfac-
tion relates to sensations like sweet, sour, salty, 
bitter, and umami, while retronasal olfaction 
relates to  fl avor, e.g., cherry or chocolate.  

   Effects of Mixed Sensory Stimuli 
on Swallowing 

 The use not only of olfactory but also of visual 
stimuli was found to enhance salivation which 
helps evoke the swallow in normal adults  [  2  ] . 
Babaei et al.  [  3  ]  investigated the effects on corti-
cal activity of presentation of concurrent gusta-
tory, olfactory, and visual stimuli. They found 
the activity of the cortical swallowing network 
enhanced; however, the study design did not 
allow the separation of the speci fi c effects of each 
of the sensory stimuli within this network. 

 In addition, temperature stimuli (different 
temperatures of the bolus) have been studied in 
terms of their effect on swallowing  [  16  ] . It was 
found that it affected sensory perception with 50° 
being optimum. In addition, the authors of this 
study found that participants preferred sweet 
tasting foods rather than bitter or sour foods. 

 Theurer and coauthors investigated delivering 
pulses of air to the oropharyngeal region, to see 
what effect this would have on swallowing. In the 
 fi rst study with younger adults they found a 
signi fi cant effect on frequency of the swallow, and 
all subjects reported an irrepressible urge to swal-
low in response to the stimulation  [  24  ] . They went 
on to check responses in a group of healthy older 
adults, and again found a signi fi cant effect on swal-
lowing, although this group did not report the urge 
to swallow what the younger subjects did  [  1  ] .  

   Chemosensory Stimulation 
in Swallowing Disorders 

 Sensory stimulation to trigger the swallow in 
patients with dysphagia has been explored with 
some success  [  23,   25  ] . However, the potential 
effectiveness of olfactory stimulation alone 
remains a largely unexplored area. In addition, 
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much of the contemporary research does not 
clearly delineate the effects of different sensory 
stimuli, such as smell and taste. 

 A number of alterations to the bolus have been 
tried to facilitate triggering of the pharyngeal 
swallow—a cold bolus, a larger size of bolus, a 
textured bolus, a strong  fl avored bolus, or a bolus 
that required chewing  [  1  ] . Thickened liquids and 
thick foods are also thought to facilitate trig-
gering of the pharyngeal swallow  [  1  ] . One study 
 [  24  ]  found that a sour bolus of lemon–barium 
sulfate mixture signi fi cantly improved a number 
of swallowing parameters, including decreasing 
pharyngeal delay. In this study the stimulant 
combined elements of taste and smell, so the 
exact cause remains unclear. 

 Thin liquids associated with aspiration have 
been replaced with thickened liquids, but patients 
may dislike the taste/texture and limit their  fl uid 
intake, consequently increasing the chance of 
dehydration. Pelletier and Lawless  [  5  ]  experi-
mented with a bolus of citrus (sour) plus sucrose 
(sweet) to see if it would improve swallow 
function in patients suffering from neurogenic 
oropharyngeal dysphagia without the negative 
effects of a sour only bolus. Only the sour bolus 
improved the swallow, as measured by less aspi-
ration and penetration. Which mechanism was 
triggered is unclear—it may have been taste, 
trigeminal stimulation, or a combination of the 
two at work here; similarly, what was responsi-
ble for inhibiting an effect in the sweet–sour 
mixture is also unknown  [  5  ] . 

 In terms of taste stimulants, sour seems to be 
consistently effective in improving a number of 
parameters of the swallow, including latency of 
triggering the swallow in typical adults  [  10  ] . 
While lemon  fl avor is used to stimulate swallow-
ing by some clinicians, there seems to be no clear 
evidence to support its use  [  10  ] . 

 According to Theurer et al.  [  24  ]  four studies 
looked at oropharyngeal stimulation using sen-
sory stimulants; thermal–tactile stimulation 
(TTS) had short-term effects, as did a sour bolus, 
but with no reduction in aspiration in dysphagic 
patients. Sciortino et al.  [  23  ]  explored the three 
elements in TTS separately in all possible com-
binations (tactile/thermal/gustatory) to isolate 

what is the most effective, and found that all 
three were needed to improve swallow latency. 
These researchers point to the need for studies 
looking for any long-term effects of these tech-
niques  [  24,   26,   27  ]  as well as effects of varying 
the intensity, frequency, and treatment duration 
of TTS  [  27  ] . 

 A recently published study by South et al.  [  28  ]  
looked for the effect of gum chewing on the fre-
quency and latency of the swallow in patients 
with Parkinson’s disease (PD), who are known to 
have reduced saliva management. They found 
that chewing gum helped PD patients normalize 
rate and latency of saliva swallows, although 
more research is needed to evaluate long-term 
effects. 

 Olfactory stimuli were one part of a sensory 
stimulation plan evaluated by Lippert et al.  [  27  ]  
with patients in a coma. They used acoustic, tac-
tile, olfactory, gustatory, and kinesthetic stimu-
lants in combination and found effects on the 
heart rate, respiration, and head and eye move-
ments of the comatose patients. They recommend 
use of tactile and acoustic input, which had the 
biggest effects in early stages, followed by use of 
the other stimuli as coma depth decreases. 

 Ebihara and colleagues  [  31 ,  32  ]  signi fi cantly 
improved the timing of the swallow in the post-
stroke patients in their study. They used black 
pepper oil presented nasally to successfully 
stimulate the swallow. The swallowing re fl ex was 
triggered via delivery of a bolus of distilled water 
through the nasal catheter (see also [ 21 ]). 

 A randomized, controlled study using elderly 
at-risk patients investigated the potential of hav-
ing the patient dissolve a capsaicin troche (tablet 
with a center hole to prevent choking) in their 
mouth each day. This study resulted in signi fi cant 
improvement in swallowing re fl ex, both between 
subjects and within subjects  [  29  ]  (see also [ 35 ]). 
However, it required considerable effort from 
caregivers to have the patient do this every day, 
and would not be suitable for patients with cogni-
tive impairments, or patients that could not suck 
and dissolve the troche  [  32  ] . In their study pub-
lished in 2010, Yamasaki and colleagues  [  2  ]  
investigated the potential of capsiate, considered 
a nonpungent alternative to capsaicin, to trigger 
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the pharyngeal swallow in elderly patients with 
aspiration pneumonia. No patients reported 
experiencing unpleasant feelings, supporting the 
nonpungency of capsiate. They timed the “latent 
time of swallowing re fl ex” (LTSR) from the time 
of injection of stimulus material into a nasal cath-
eter to the onset of swallowing and found a 
signi fi cant improvement in time of the swallow 
for higher strengths (10 and 100 nM). They pro-
posed that potential bene fi ts could be achieved 
for this population with injection of capsiate into 
liquids or food; the research has not been done 
with this method of delivery, however. Further 
studies in this area should also determine if any 
positive results endure beyond termination of the 
study condition.  

   Conclusions 

 Chemosensory stimulation appears to facilitate 
deglutition. However, currently it is unclear 
whether the olfactory, gustatory, or trigeminal 
stimuli play a special role in this process. From a 
therapeutic angle it seems that the chemical 
senses play a role in deglutition, but they play 
this role best in combination with other sensory 
stimuli.      
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  Abstract 

 Respiratory–swallowing coordination is vital for airway protection and 
other aspects of swallowing function. Perturbations in coordinative mech-
anisms have been linked to disordered swallowing in susceptible patients. 
We provide a general overview of respiratory–swallowing interactions in 
adults discussing neural control systems, recon fi gurations of shared mus-
cle systems, timing of the initiation of swallowing processes within the 
respiratory cycle, disorders of coordination and potential mechanisms, and 
directions of future clinical and basic research. Importance is given to the 
normal timing of the initiation of swallowing during the expiratory phase 
of the breathing cycle at mid to low lung volumes. The airway protection 
and potential mechanical advantages of this coordinative relationship are 
highlighted. Potential differences in coordinative synchrony related to task 
and subject factors are reviewed and set the stage for additional experi-
mental inquiry. Future directions related to re-training of appropriate 
respiratory–swallowing mechanisms to improve swallowing function 
disrupted by various clinical pathologies are introduced.  

  Keywords 
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   Introduction 

 The sensorimotor mechanisms driving the syn-
ergy of swallowing activate contraction of muscle 
groups that generate pressures. These pressures 
facilitate bolus containment, airway protection, 
and passage of ingested material through the 
upper aerodigestive tract. Swallowing, like many 
complex motor behaviors, relies on multiple 
cross-system interactions. One salient example is 
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the coordinated neural and functional interactions 
between respiration and swallowing. Respiration 
and swallowing must be tightly coordinated 
because they share a common pathway, the phar-
ynx, and airway protection must be assured. 
Much work has been directed to identifying the 
neural mechanisms underlying the coordination 
of breathing and swallowing (and chewing) using 
both human and nonhuman animal models. Both 
behaviors are regulated by brain stem central pat-
tern generators (CPG), and multifunctional CPG 
interneurons may underlie the requisite cross-
system interactions  [  1  ] . 

 In the periphery, breathing and swallowing 
share many common structures. Muscles of the 
lips, face, tongue, palate, pharynx, larynx, and 
esophagus all show respiratory and swallowing-
related activity, and there must be precise “switch-
ing” of activity states for appropriate function. 
Coordinated coupling of respiration and swal-
lowing may be disrupted by various diseases or 
other medical conditions and may be intention-
ally manipulated during behavioral therapeutic 
approaches to improve swallowing function in 
dysphagic patients  [  2–  10  ] . 

 Respiratory-related activity has been recorded 
from the cricopharyngeus, genioglossus, stylo-
glossus, and stylopharyngeus muscles during 
resting quiet inspiration  [  11–  14  ] , with the latter 
serving to stiffen the airway to protect against 
upper airway collapse during the generation of 
negative inspiratory pressures  [  15  ] . Clearly, these 
muscle groups also play essential roles in oral 
bolus propulsion and oropharyngeal clearance. 
The tongue serves a crucial role in swallowing by 
maintaining, manipulating, and transporting the 
food and/or liquid bolus  [  2,   16  ] . In addition to its 
critical role in bolus propulsion, the base of the 
tongue has also been described as the ventral wall 
of the respiratory pharynx and critical to airway 
patency during quiet breathing  [  2  ] . Respiratory-
related activity has been recorded from the 
genioglossus that is time locked to diaphragm 
contraction  [  17  ] . The larynx obviously serves 
crucial functional roles during both breathing 
and swallowing. It assures a patent airway during 
respiration and airway protection during swal-
lowing through vocal fold closure and progressive 

superior–anterior hyolaryngeal movement  [  18,   19  ] . 
The sternothyroid and omohyoid muscles also 
demonstrate dual respiratory and swallowing 
roles. They assist in returning the larynx to rest 
following hyolaryngeal excursion during swal-
lowing and serve to stabilize the larynx during 
quiet inspiration  [  20,   21  ] . 

 The cricopharyngeal (CP) muscle—the primary 
anatomic and functional component of the pharyn-
goesophageal segment (PES)—is tonically active 
during the inspiratory phase of the breathing cycle 
to prevent inspired air from entering the esophagus 
and stomach  [  22  ] . The CP muscle then relaxes and 
becomes compliant to accommodate bolus  fl ow 
during PES opening. The velopharyngeal (VP) port 
is open during respiration but elevates and fully 
retracts at maximal contraction during the swallow 
to prevent entry of ingested material into the nasal 
cavity  [  23  ] .  

   Normal Breathing and Swallowing 
Coordination 

 Given that breathing and swallowing (and other 
airway protective behaviors, such as coughing) 
share these common muscles and structures, it is 
obvious that upper airway structures must be rap-
idly and precisely recon fi gured for appropriate 
function. Respiration and swallowing share neural 
elements that are “switched” for task-speci fi c 
functionality. Brainstem pattern generators and 
multifunctional interneuron networks presum-
ably underlie these cross-system interactions and 
network recon fi gurations  [  1  ] . Respiration is a 
rhythmic continuous behavior while swallowing 
is induced either through food and/or liquid 
ingestion or occurs spontaneously in response 
to saliva or other secretions during wakefulness 
or sleep. Respiration is inhibited to accommodate 
swallowing and the respiratory rhythm is reset 
 [  24–  27  ] . The perturbing effects of swallowing on 
the respiratory rhythm are generally limited to 
the co-occurring respiratory cycle in normal sub-
jects, but sequential or successive swallows are 
common, further increasing respiratory perturba-
tion  [  24  ] . Mastication and swallowing can put 
signi fi cant burdens on respiratory control and 
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stability in respiratory compromised patients, 
such as those with chronic obstructive pulmonary 
disease (COPD)  [  28,   29  ] . 

 Given the necessity of airway protection, it is 
not surprising that the relatively brief respiratory 
inhibition to accommodate swallowing (some-
times referred to as “deglutition” apnea) occurs at 
rather speci fi c moments in the respiratory cycle. 
In nonhuman animal species, swallowing occurs 
primarily during the inspiratory phase of the 
breathing cycle (e.g., McFarland and Lund  [  25  ] ). 
In contrast, swallowing tends to occur during the 
expiratory phase of the breathing cycle in infant 
and adult humans observed during wakefulness 
and sleep  [  9,   30–  33  ] . Whole body posture while 
feeding and upper airway anatomical differences 
between adult humans and other animal species 
may contribute to these coordinative differences 
 [  30  ] . When adult humans adopt a feeding position 
more similar to nonhuman animal species, swal-
lowing shifts occur more in the early expiratory 
and inspiratory phases of the breathing cycle. This 
is more similar to other animal species  [  30  ] . 

 Respiratory–swallowing coordination has been 
explored from a variety of different perspectives 
using both adult and infant human and nonhuman 
animal models. Nonhuman animal models have 
elaborated fundamental neural control elements 
and the recon fi guration of respiratory networks 
to accommodate swallowing  [  1,   34  ] . Some adult 
work has been directed to further exploring 
control properties at a fundamental level, but 
most has been directed towards understanding 
respiratory–swallowing coordination from a 
clinical perspective, either by providing norma-
tive data or in exploring “disordered” respiratory 
swallowing coordination. Human studies can be 
further divided into those that have studied liq-
uids (single or sequential)  [  6,   31,   33,   35–  38  ] , 
solids  [  24,   26,   39–  41  ] , and/or spontaneously 
occurring swallowing of saliva or other secretions 
during wakefulness and sleep  [  42,   43  ] . This is an 
important distinction as swallowing dynamics 
and potentially respiratory swallowing coordina-
tion are in fl uenced by bolus properties including 
volume and viscosity  [  37,   44,   45  ] . Further, swal-
lowing (and mastication) and its coordination 
with respiration is in fl uenced by experimental 

task and subject factors. Asking subjects to hold 
boluses in their mouths and other experimental 
tasks, such as sequential swallowing, may result 
in changes in respiratory rhythm and stability 
(for example, inspiration prior to swallowing and 
partial vocal fold adduction and other protective 
elements) that may in fl uence respiratory control 
and respiratory–swallowing coordination  [  6  ] . 
This should be kept in mind when comparing 
results across studies and particular attention 
should be given to instructions and tasks demanded 
of experimental subjects. 

 Although this provides a very “high-level” 
introduction to the literature surrounding respira-
tory–swallowing coordination, we will now turn 
our attention to providing more detail of experi-
mental  fi ndings from adult humans and use our 
own work with liquid (Martin-Harris) and solid 
(McFarland) food swallowing under “natural” 
swallowing conditions as examples. Despite some 
experimental differences and discrepancies, as 
mentioned previously, a clear picture of respira-
tory swallowing coordination is emerging that 
suggests that most—but not all—swallows are 
initiated in the expiratory phase of the breathing 
cycle, with the respiratory inhibition to accom-
modate swallowing immediately proceeded and 
followed by expiratory air fl ow  [  11,   26,   29,   34, 
  35,   46  ] . When studying liquid swallows during 
synchronized observations of respiratory  fl ow 
and video fl uoroscopic images of swallowing and 
bolus movements, investigators have often used a 
pattern characterization scheme originally devel-
oped by Martin-Harris and modi fi ed slightly for 
different experimental contexts (Fig.  3.1 ). Using 
this pattern analysis, Martin-Harris and colleagues 
 [  32,   33  ]  have found that self-paced liquid swal-
lows from a cup are typically the “E–E” pattern, 
that is, they occur in the expiratory phase of the 
breathing cycle and are followed by a brief exha-
lation. As illustrated in Fig.  3.2 , this expiratory–
expiratory, or E–E pattern, was present in over 
75% of the swallows of 76 healthy adults across 
the age spectrum in the large-scale study by 
Martin-Harris et al.  [  32  ] . This pattern was fol-
lowed in frequency of occurrence by I–E, or 
when swallowing was immediately preceded by 
inspiratory and followed by expiratory  fl ow 
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  Fig. 3.1    The timeline derived from simultaneous 
video fl uorographic and nasal air fl ow recordings illustrat-
ing the phases of respiration surrounding swallowing and 
the temporal relationships between the respiratory pause 

and functional groupings of swallowing events. From B. 
Martin-Harris et al. Arch Otolaryngol Head Neck Surg 
2005;131:762–70 with permission       

  Fig. 3.2    Examples of four respiratory–swallow phase patterns recorded during liquid swallows       
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(20%). The two least frequently occurring patterns 
were E–I (4%), when swallowing was preceded 
by expiratory activity but immediately followed 
by inspiratory  fl ow, and I–I (1%), when swallow-
ing occurred during and was followed by inspira-
tory  fl ow  [  32  ] .   

 McFarland and colleagues have studied 
respiratory–swallowing coordination of solid 
food boluses and factors that in fl uence this coor-
dination from within a general motor control 
perspective  [  24  ] . Coordination was assessed by 
determining the timing of a physiological marker 
of the pharyngeal swallow or by looking at the 
timing of the occurrence of the respiratory inhi-
bition to accommodate swallowing. As mentioned 
previously, swallowing perturbs the ongoing 
respiratory rhythm, and these analyses were 
directed towards determining the respiratory 
phase and volume of these deviations to accom-
modate swallowing. Similar techniques have been 
used for decades to characterize phase-related 
perturbations in a variety of rhythmic behaviors 
including mastication, respiration, and locomo-
tion. These “phase” analyses reveal highly similar 
 fi ndings to those described above for liquid swal-
lowing. Swallowing was consistently observed to 
occur in the expiratory phase of the breathing 
cycle, and more than 50% occur in the second 
half of the expiratory phase of the quiet breathing 
cycle  [  24  ] . It is also interesting to note that there 
was a tendency for swallows to occur later in the 
respiratory cycle (at lower quiet breathing lung 
volumes) for terminal swallows (those that occur 
at the end of a masticatory sequence) versus inter-
posed swallows (those that occur within a masti-
catory sequence)  [  24  ] . 

 As mentioned previously, our data for both 
liquid and solid food boluses from our laborato-
ries are in general agreement with most published 
work in this area. An important question is why 
does the respiratory inhibition to accommodate 
swallowing appear to occur consistently during 
the expiratory phase of the breathing cycle in 
adult humans? This is intuitively obvious since, 
although respiration is always inhibited to accom-
modate swallowing, swallowing surrounded by 
expiratory  fl ow is “safer” in contrast to inspira-
tory  fl ow before or after swallowing, which could 
lead to food and liquid entering the lungs. This may 

be particularly important when there is disor-
dered timing of swallowing with respiration or the 
respiratory pause may be shortened, both of which 
places disordered patients at greater risk of 
inspiratory aspiration of food and liquids. Further, 
expiration prior to other swallowing events may 
encourage medialization (i.e., partially adducted) 
of the true vocal fold–arytenoid complex. This 
laryngeal posture may promote an advantageous 
starting point for further airway protection 
(Fig.  3.3 )  [  31,   35  ] . This medial glottic position 
has also been observed during laryngeal descent 
in the late stage of the swallow and associated 
with a brief expiration depicted in the  fl ow and 
kinematic data. It would appear that liquid swal-
lows initiated at mid to low lung volumes would 
serve to facilitate this potentially protective, 
slightly adducted vocal fold position.  

 It has also been suggested that swallowing at 
particular phase and volumes of the respiratory 
cycle may impart additional mechanical and/or 
airway protective bene fi ts as contrasted to other 
moments in the coordinative range. One such 
mechanical advantage may be the facilitation of 
laryngeal elevation and CP sphincter opening, 
both crucial aspects of normal swallowing func-
tion. Previous work has shown that diaphragm 
contraction, which continues well into the expira-
tory phase of the breathing cycle to assure ade-
quate gas exchange  [  47  ] , exerts a downward pull 
or “traction” on tracheal and laryngeal structures 
 [  11,   48  ] . The position of the human larynx 
remains relatively stable during quiet breathing, 
despite these “traction” forces placed on the 
diaphragm through co-contraction of suprahyoid 
muscles  [  11,   48  ] . At mid to low expiratory lung 
volumes, laryngeal elevators would not be 
working against active diaphragmatic contrac-
tion, which may explain why swallows typically 
occur in this volume range in many experimental 
contexts  [  3,   24,   30,   49  ] . 

 Additional experimental attention has been 
given to the potential importance of subglottal pres-
sure as a control variable related to swallowing–
respiratory phase/volume relationships. Subglottal 
pressure, or the force against the adducted vocal 
folds, is related to expiratory drive as the result of 
active respiratory forces and passive recoil prop-
erties of the lungs/thorax (determined by lung 
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volume). Some authors have proposed that we 
swallow at lung volumes higher than end tidal 
breathing expiratory levels to take advantage 
of passive recoil forces and increased subglottal 
pressure. Increased subglottal pressure may be 
potentially bene fi cial for airway protective mech-
anisms, such as cough, in the advent of distur-
bances to normal coordination and laryngeal 
penetration or aspiration  [  50,   51  ] . There is some 
intriguing evidence that thin liquids are swal-
lowed at higher lung volumes (still within the 
quiet breathing range) when contrasted to thin 
and thick paste consistencies—presumably as a 

preparatory precautionary mechanism in case 
additional expiratory pressures are needed for 
airway clearance. Thin liquids obviously place 
greater demands on respiratory—swallowing 
coordination as they may be more easily aspi-
rated. Liquids, particularly larger volumes,  fl ow 
at fast velocities and require rapid accommoda-
tion by pharyngeal contraction and laryngeal 
valving to close and prevent airway entry and 
open the PES  [  19  ] . 

 Sequential liquid swallows in particular may 
place additional demands on coordination  [  31, 
  35,   36,   50,   52  ] . A study by Dozier et al.  [  6  ]  

  Fig. 3.3    Glottic    con fi guration associated respiratory 
phases and swallowing: a. Inspiration-Full Abduction, b. 
Exhalation-Intermediate, c. Exhalation-Paramedian. 
Changes in respiratory glottic con fi guration that occurred 
in subjects. The arytenoid-true vocal fold (ARYT-TVF) 
complex assumed a fully abducted con fi guration during 
inspiration (IT) and an intermediate or paramedian posi-

tion during expiration (ET). The ARYT-TVF complex 
remained  fi xed in the end exhalatory glottic position at the 
onset of the swallow-induced respiratory cessation. 
Further medial displacement of the ARYT-TVF complex 
usually began .16 seconds after swallow-induced cessa-
tion onset and was not associated with a change in the  fl at 
respiratory trace       
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showed a signi fi cant increase in the occurrence of 
inspiration surrounding spontaneous, sequential 
swallows of larger volumes when compared to 
small volume liquid swallows. This  fi nding along 
with observations of laryngeal vestibular opening 
between swallows in a sequence, points to the 
potential for increased risk of aspiration when 
compared to a small volume, single swallowing 
task. It is interesting to note that previous investi-
gators have observed sequential and/or succes-
sive swallows of solid food boluses, which had 
cumulative effects in perturbing respiratory con-
trol and stability and prolonging the durations of 
co-occurring respiratory cycles  [  24,   25  ] . These 
data suggest that respiratory–swallowing coordi-
nation is somewhat  fl exible within a relatively 
restricted range of respiratory volumes and 
phases, and perhaps coordinative demands vary 
depending upon the nature of the swallowed 
bolus. This issue deserves further experimental 
attention as it has both fundamental and clinical 
implications. 

 Few studies have examined the integration of 
respiration, mastication, and swallowing behav-
ior. McFarland    and Lund  [  24  ]  found that masti-
cation could have profound perturbing effects 
on the respiratory rhythm in some subjects—
even to the extent of producing a long period of 
apnea. Like the McFarland study, Palmer et al. 
 [  40,   41  ]  also reported abrupt changes in breath-
ing pattern during eating. The chewed bolus 
aggregated in the valleculae as breathing was 
maintained, which may place additional coordi-
native demands of breathing and swallowing. 
These data suggest respiratory–swallowing 
coordination is  fl exible and “sensitive” to chang-
ing peripheral conditions in feeding and swal-
lowing. The normally precise coordination 
between breathing and swallowing also indicates 
swallowing control mechanisms are receiving 
respiratory volume and phase information from 
pulmonary or other respiratory-related sensory 
mechanisms. Such feedback is obviously used 
by and/or in fl uencing the multifunctional brain-
stem interneuronal networks that coordinate 
breathing and swallowing  [  49  ] . Additional stud-
ies of “natural” eating and drinking behavior 
are essential to further understand the in fl uence 

of these “peripheral” in fl uences of food type 
and feeding task on respiratory–swallowing 
coordination.  

   Aging Effects on Respiratory–
Swallowing Coordination 

 Fragile patients on the extreme ends of the 
age continuum fall victim to swallowing disor-
ders, aspiration, and aspiration pneumonia. 
Respiratory–swallowing coordination, like other 
aspects of swallowing physiology, appears to be 
in fl uenced by the aging process  [  32,   44,   50,   51  ] . 
For example, there is some evidence of pattern 
shifts from the more typical pattern (E–E) to the 
(I–E, E–I, or I–I) pattern with advancing age  [  32, 
  44,   51  ] . Although they have not been associated 
with any overt swallowing disturbances, they 
may predispose older patients to the negative 
effects of disease or damage, such as stroke  [  53  ] , 
Parkinson disease  [  54  ] , COPD  [  30,   31,   55–  59  ] , 
and head and neck cancer  [  60  ] , on swallowing 
function. The respiratory pause to accommodate 
swallowing has also been shown to nearly double 
in duration during liquid swallowing in older 
individuals  [  34  ]  that may “tax” coordinative 
mechanisms and signi fi cantly in fl uence respi-
ratory control and stability, which ultimately 
may increase the risk of airway compromise—
particularly in patients with COPD.  

   Swallowing Impairment and 
“Disordered” Respiratory–Swallow 
Coordination 

 There is obviously a strong neural imperative of 
appropriate respiratory–swallowing coordina-
tion. “Normal” respiratory–swallowing phase 
relationships have been observed in laryngecto-
mized patients despite major mechanical altera-
tions to the upper airway and the fact that airway 
protection is not necessary  [  52  ] . Therefore, the 
occurrence of particular and/or stable respiratory–
swallow patterns may be a clinical marker of the 
integrity of neural control mechanisms, and of 
air fl ow and mechanical events that are crucial for 
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safe and ef fi cient swallowing. Emerging data are 
pointing to disruptions in this stable coupling 
between respiration and swallowing under certain 
physiologic conditions, such as normal aging, 
presence of neurologic disease, cancers of the 
head and neck, various swallowing tasks, and 
compensatory postures. 

 Our collaborative work suggests partial surgi-
cal ablation of the oropharynx and/or various 
combinations of radiation and chemotherapy 
change normal respiratory–swallowing phase 
relationships  [  60  ] . This may be due to three 
related factors: (1) impairments within the swal-
lowing system (e.g., oropharyngeal swallow 
delay, incomplete tongue base retraction, impaired 
anterior motion of the hyoid and larynx all lead-
ing to incomplete opening of the PES) that may 
impact coordination with breathing, (2) impair-
ments within the respiratory system (e.g., 
obstruction, restriction) that may impact coordi-
nation with swallowing, and/or (3) problems in 
breathing–swallowing coordination that extends 
beyond these systems (e.g., neural control). These 
multiple potential origins of dif fi culty stress the 
necessity of examining both “within” and “across” 
systems and mechanisms of swallowing function. 
It also creates a research imperative for further 
exploring the nature of respiratory–swallowing 
interaction in health and disease.  

   Conclusions 

 Clinical and experimental evidence support the 
existence of neurophysiologic, structural, and 
functional interdependence between respiration 

and swallowing. Health care professionals who 
treat patients with swallowing disorders are able 
to modify abnormal swallowing physiology using 
compensatory techniques that involve peripheral 
alterations in both breathing and swallowing. 
New recording technologies, methods, and anal-
yses emerging from cross-sectional, cohort stud-
ies will be applied to similar patient groups over 
the natural history of diseases and conditions. 
These future studies will lead to improved under-
standing of respiratory–swallowing relation-
ships and the potential functional relevance of 
these relationships on swallowing impairment, 
pulmonary status, and quality of life. Although 
the phenomena of breathing and swallowing 
coordination or the respective disruption in this 
coordination would appear to have substantial 
in fl uence on the safety and ef fi ciency of swallow-
ing, this hypothesis has not yet been adequately 
tested. Studies are warranted to determine the 
relationship of breathing and swallowing coordi-
nation on overall swallowing impairment and 
health of various patient populations with dys-
phagia. Clinical studies of the impact of neuro-
logic, pulmonary, and oncologic diseases on the 
coordination of breathing and swallowing are 
emerging. Some clinical scientists are also 
developing and testing novel interventions with 
potential for cross-system respiratory–swallowing 
advantages to reduce swallowing impairment 
and improve overall swallowing function  [  61  ] . 
Our research, conducted independently in our 
respective laboratories, has established an ideal 
backdrop for exploring the presence and effect of 
cross-system respiratory–swallowing impairments 
on swallowing system impairment (Fig.  3.4 ). 

  Fig. 3.4    Theoretical model of cross-system, respiratory–swallowing impairment       
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Studies are warranted and currently underway to 
test whether or not retraining stable coupling is 
feasible, as well as to test the effect of respira-
tory–swallowing phase training alone or in com-
bination with traditional swallowing treatments 
on the recovery of swallowing dysfunction   .       
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  Abstract 

 In the setting of shared embryonic origin and anatomical continuity, the 
upper airway, aerodigestive tract and the esophagus participate in an elab-
orate stimulatory mechanism that in response to either mechanical or acid 
stimulation enhances the barriers against entry of gastric content into the 
pharynx and trachea, clear the pharyngeal content and closes the glottis, 
and increases the tracheal mucus secretion whereby enhancing the airway 
protection. Parallel to this stimulatory mechanism there exist a number of 
inhibitory re fl exes.  This results in relaxation of the lower esophageal 
sphincter and inhibition of primary and secondary esophageal peristalsis 
potentially weakening the airway protection against aspiration of gastric 
contents. Overall balance of these mechanisms and conditions associated 
with the recruitment of involved re fl exes comprise the reciprocal physiol-
ogy of the upper airway and upper GI tract which are the topic of ongoing 
investigations.

This chapter provides a concise description of these mechanisms which 
are involved in protection of the airway against aspiration during transit of 
material through deglutitive axis.  

  Keywords 

 Airway protective mechanisms  •  Reciprocal physiology  •  Deglutitive axis  
•  Esophago-UES contractile re fl ex  •  Esophago-glottal closure re fl ex  
•  Pharyngeal re fl exive swallow          

 Airway compromise resulting in aspiration may 
occur in relation to swallowing or gastro-esopha-
go-pharyngeal re fl ux. The mechanisms that pro-
tect against aspiration involve the pharynx, upper 
esophageal sphincter  [  1  ] , esophageal body, glot-
tis and vocal cords, and the airway. These struc-
tures not only physically help prevent aspiration, 
but they are also the site of initiation of an 
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 elaborate system of re fl exes that enhances the 
pressure barriers and sphincteric mechanisms 
against aspiration. All together these mechanisms 
can be divided into two major groups: basal and 
response. The basal mechanisms are constantly 
present without the need for stimulation, such as 
the lower and upper esophageal sphincter which 
provide a pressure barrier between stomach and 
esophagus and between esophagus and pharynx, 
respectively, helping to prevent entry of gastric 
content into the esophagus and from esophagus 
into the pharynx. Other examples of basal mech-
anism include the capacity of the esophagus 
to hold material without allowing it to escape 
into the pharynx and the capacity of the pharynx 
to contain certain volumes before their spillage 
into the airway. Response mechanisms, on the 
other hand, become activated in response to cer-
tain stimuli, such as distention or surface contact. 
There are at least nine response mechanisms 
identi fi ed that result in volume clearance of the 
pharynx and esophagus (such as re fl exive pha-
ryngeal swallow (RPS) and secondary esopha-
geal peristalsis) or accentuate the upper 
esophageal sphincter pressure barrier such as 
esophago-UES, pharyngo-UES and laryngo-UES 
contractile re fl exes or induce closure of the 
vocal cords and introitus to the trachea such as 
esophago-glottal, pharyngo-glottal, laryngo-la-
ryngeal re fl exes. The sum effects of various com-
binations of the basal and response mechanisms 
help prevent pharyngeal re fl ux and laryngeal 
aspiration of swallowed and re fl ux materials. In 
other words, the airway protective mechanism 
against aspiration is multi-factorial and involves 
a delicate and reciprocal interaction between 
upper gastrointestinal and upper airway tracts. 
It is noteworthy that in addition to airway protec-
tive re fl exes which are universally stimulatory, 
there are a number of inhibitory re fl exes that 
emanate from the esophagus, pharynx and the 
larynx which either relax the lower and upper 
esophageal sphincters or inhibit progression of 
the primary and secondary esophageal peristal-
sis. These inhibitory re fl exes will not be described 
in detail here and will only be alluded to in 
descriptive  fi gures. Since the UES and LES are 
covered in detail in subsequent chapters, these 

two mechanisms will not be covered either and 
the readers are referred to those chapters for a 
comprehensive description. 

   Esophago-UES Contractile Re fl ex 

 The UES is one of the components of the airway 
protective mechanism against the entry of gastroe-
sophageal re fl uxate into the aerodigestive tract. 
It contributes by maintaining a high-pressure zone 
between the esophagus and the pharynx. However, 
the magnitude of pressure within UES is quite 
variable. It decreases signi fi cantly during sleep 
and periods of calmness and increases with wake-
fulness and excitation. In addition, the resting 
basal pressure of the UES is signi fi cantly lower 
in the elderly when compared to the young. 
Therefore, it is conceivable that the pressure of 
the gastroesophageal re fl uxate may overcome the 
UES pressure if it occurs during periods of low 
UES pressure. Hence, UES function as an anti-
aspiration mechanism has been of great interest. 
Indeed the  fi rst description of UES response to 
esophageal distension appeared in 1957 by 
Creamer and Schlegel  [  2  ] . 

 Since then, a large body of literature at the 
basic and clinical science level has emerged that 
suggests the existence of a complex re fl ex cir-
cuitry determining the UES pressure response to 
esophageal distention depending on the type and 
number of activated mucosal, submucosal and 
muscular receptors and their relative concentra-
tion and location in relationship to the UES. 
These studies show that not only the physical 
properties of the distending agent such as gas-
troesophageal re fl uxate play a role in the activa-
tion of these re fl ex circuitries, but also the spatial 
orientation of the esophagus through in fl uencing 
the distention and affecting the proximal exten-
sion of the re fl uxate signi fi cantly affects the UES 
pressure response. 

 Esophageal and UES pressure response to 
esophageal distention, namely generation of sec-
ondary peristalsis and contraction of UES, has 
been described as early as 33 weeks of gesta-
tional age  [  3  ] . This response is preserved through 
the life span but aging selectively affects these 
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responses. In that, while UES contractile response 
to balloon distention remains intact, generation 
of secondary peristalsis in response to generalized 
distension of esophagus such as those induced by 
air injection decreases signi fi cantly in subjects 
over 70 years. This decrease is associated with a 
signi fi cant increase in UES relaxation response 
to air distention  [  4  ] . 

 Differential UES response to proximal and 
distal esophageal stimulations by air injection 
has been reported in humans  [  5,   6  ] . In a human 
model of UES contraction induced by mid-
esophageal balloon distention, which also served 
to separate the esophagus into proximal and dis-
tal compartments, experiments have shown that 
UES relaxation response is more common after 
proximal esophageal air insuf fl ations and its 
contraction is more prevalent due to distal air 
insuf fl ation  [  5  ] . On the other hand, earlier stud-
ies have shown that in humans UES contractile 
response to slow intra-esophageal  fl uid infusion 
is augmented by acidity and proximity of the liq-
uid to the UES  [  6  ] . 

 In a study of 321 postprandial re fl ux events 
(identi fi ed by the development of abrupt intra-
esophageal pressure increases with a pH drop) an 
overwhelming majority of events, 99 and 100 %, 
of all re fl ux events irrespective of pH drop were 
associated with an abrupt increase in UES pres-
sure among GERD patients and controls, respec-
tively. The average percentage of maximum UES 
pressure increase over pre-re fl ux values ranged 
between 66 and 96 % in control subjects and 34 
and 122 % in patients  [  7  ] . 

 Studies of the UES pressure change during 
109 Transient Lower Esophageal Sphincter 
Relaxations (TLESR), the main mechanism of 
gastroesophageal re fl ux (GER) events, have 
shown that UES relaxation is the predominant 
response during upright position which is charac-
teristically associated with the presence of air in 
the re fl uxate and UES contraction is the predom-
inant response during recumbent position mainly 
associated with liquid re fl uxate. These studies 
support the notion that the UES relaxation or 
contraction response during TLESR is related to 
the posture and constituents of the re fl uxate  [  8  ] . 

 In a series of sleep studies, the response of the 
UES to simulated proximal re fl ux event by slow 
intra-esophageal infusion of distilled water was 
evaluated  [  9  ] . Findings indicate that esophageal 
UES contractile re fl ex can be elicited in stage II 
and REM but is preempted by arousal in slow-
wave sleep (Fig.  4.1 ). It was also found that the 
threshold volume for eliciting this re fl ex was 
signi fi cantly lower in REM sleep compared to 
stage II sleep and awake state suggesting a 
heightened sensitivity during REM sleep. These 
studies con fi rm that although UES pressure pro-
gressively declines with deeper stages of sleep 
it can still re fl exively contract during REM 
despite generalize hypotonia. Interestingly in 
these studies, provocation of secondary esopha-
geal peristalsis paralleled that of the esophago-
UES contractile re fl ex.  

 Studies of the mechanisms of re fl exes induced 
by esophageal distension in cats  [  10  ]  indicate 
that the differential relaxation and contractile 
responses of the upper esophageal sphincter to 
the regional and generalized distention of the 
esophagus induced either by physiologic or 
simulated re fl ux events are mediated by vagal 
afferent  fi bers and interplay of mucosal and deep 
mechanoreceptor activation. 

 Based on these  fi ndings, it is surmised that 
UES pressure response to esophageal distention 
induced by re fl ux of gastric content is multifac-
torial. These factors include spatial orientation 
of the esophagus, rate and magnitude of proxi-
mal intra-esophageal pressure increase, physi-
cal property and volume of the re fl uxate. 
Variations in the combination of these factors 
result in variation in the UES pressure response 
to re fl ux events. As such generalization of UES 
response under a given set of circumstances 
representing only a limited number of factors is 
best avoided.  

   Esophago-Glottal Closure Re fl ex 

 Abrupt esophageal distention occurs commonly 
during GER, thereby generating a circumstance 
favorable to esophagopharyngeal regurgitation 
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and laryngeal aspiration of gastric re fl uxate. 
Large-volume GER episodes may cause an instan-
taneous increase in intraesophageal pressure that 
might overcome the UES. This circumstance 
potentially leaves the upper airway vulnerable to 
aspiration. 

 Studies in humans and animal models have 
documented the existence of an esophagoglottal 
closure re fl ex  [  11,   12  ] . The function of this re fl ex 
is to adduct the vocal cords and, thereby, close the 
introitus to the trachea in response to abrupt esoph-
ageal distention. To evoke the re fl ex, esophageal 
distention may involve the entire body of the 
esophagus, such as the distention caused by air 
insuf fl ation, or it may be regional, such as disten-
tion caused by a short balloon. In either case, the 

distention must be abrupt to evoke the re fl ex. The 
prime candidate for the sensory signal for this 
re fl ex is the stretch receptors present in the body of 
the esophagus. The afferent nerves run in the vagus 
nerve, carrying the sensory impulse to the brain-
stem. The efferent  fi bers are likely vagal motor 
 fi bers to the larynx that traverse the recurrent laryn-
geal nerve and stimulate the adductor muscles of 
the glottis. The target muscles include all or some 
of the glottal adductors. Bilateral cervical vago-
tomy in a feline model abolishes this re fl ex  [  12  ] . 

 Vocal cord adduction results from contrac-
tions of glottal adductor muscles. These muscles 
include thyroarytenoid that is also an isometric 
tensor of the cords, cricothyroid (also an isomet-
ric tensor), lateral cricoarytenoid, and,  fi nally, the 

  Fig. 4.1    An example of elicitation of EUCR and 2P in 
stage II sleep. Manometry: As seen following infusion of 
3.8 mL water at the rate of 2.7 mL/min into the proximal 
esophagus, the UES pressure rose from 8 to 20 mmHg 
(esophago-UES contractile re fl ex; EUCR). This pressure 
increase continues until the development of secondary peri-
stalsis (2P) 74 s later. EEF: Central (C3 or C4) and occipital 
(O1 or O2) deviations. EOG activity from  right  and  left  eye 

(recorded from the outer canthi). Stage II is characterized 
by K complexes (an initial negative sharp wave followed by 
a positive component) and sleep spindles (episodic, rhyth-
mical complexes occurring with frequency of 7–14 cycles 
per second grouped in sequences lasting 1–2 s). There are 
no eye movements, and EMG activity is decreased com-
pared with the “awake” state. From J. Bajaj et al. 
Gastroenterology 2006;130:17–25 with permission       

 



394 Airway Protective Mechanisms, Reciprocal Physiology of the Deglutitive Axis

unpaired interarytenoid muscle that closes the 
posterior gap in the glottis. Except for the crico-
thyroid muscle, which is innervated by the exter-
nal division of the superior laryngeal nerve, all 
adductor muscles are innervated by the recurrent 
laryngeal nerve. Because the posterior glottal gap 
becomes closed on direct viewing, we suggest 
that, in addition to the lateral cricoarytenoid mus-
cles, the interarytenoid muscle is also involved. 
Since the glottis, in response to esophageal dis-
tention, shortens and narrows, we also suggest 
that the thyroarytenoid muscles have a strong 
participation in the re fl ex. 

 Re fl ex connections between the digestive tract 
and the respiratory system have been reported 
previously  [  13  ] . Such studies generally focus on 
a re fl ex connection between acid-sensitive recep-
tors in the esophagus and pulmonary bronchi, 
such that re fl uxed acid may induce bronchiolar 
spasm. Coordination of the digestive and respira-
tory systems during swallowing is well estab-
lished  [  1,   14,   15  ] . The esphagoglottic re fl ex is an 
example of close coordination between digestive 
and respiratory systems during re fl ux. This re fl ex 
seems to be a simple re fl ex whereby a mechani-
cal stretch of the esophagus provokes a brief clo-
sure response of the vocal cords. The physiologic 
role of the esophagoglottal closure re fl ex could 
be postulated to be one of the airway protective 
mechanisms operative during retrograde esopha-
geal transit, such as during belching, GER, regur-
gitation, and possibly vomiting. 

 Studies have also documented that this re fl ex 
is evoked during spontaneous GER episodes  [  16  ] . 
Other studies have shown that this re fl ex is absent 
in about half of the patients over the age of 
70 years. The function of this re fl ex in patients 
with esophagitis or supraesophageal complication 
of GERD has not been evaluated as yet. Study in 
cats, however, has demonstrated that acute experi-
mental esophagitis either completely abolishes 
this re fl ex or results in signi fi cant reduction in its 
frequency of activation  [  17  ] . In addition, treatment 
of esophageal mucosa with Lidocaine or capsaicin 
as well as removal of esophageal mucosa or intra-
venous injection of baclofen in cats blocks or 
inhibits, whereas thoracic vagotomy completely 
blocks this re fl ex  [  10  ] .  

   Pharyngeal Re fl exive Swallow 

 The primary swallow acts as one of the major air-
way protective mechanisms by keeping the aerodi-
gestive tract free of debris and residue. It is usually 
a voluntary act but may also occur subconsciously. 
Previous studies have shown that mechanical stim-
ulation of the pharyngeal wall in animals  [  18  ]  and 
injection of water into the pharynx in humans  [  19, 
  20  ]  also trigger swallowing (pharyngeal swallow). 
This additional stimulus to the initiation of swal-
lowing may play a role in airway protection from 
pharyngeal re fl ux of gastric contents, as well as 
inadvertent spillage of oral contents into the phar-
ynx, during the preparatory phase of swallowing. 
Recent studies  [  21  ]  have characterized the pharyn-
geal swallow and determined the threshold volume 
of liquid required to trigger this type of swallow-
ing in young and elderly volunteers. These studies 
 [  19–  22  ]  have shown that the swallowing mecha-
nism in humans can be readily activated by water 
stimulation of the pharynx. They also showed that 
swallows triggered by direct stimulation of the 
pharynx are different from volitional or primary 
swallows by not inducing sequential contact of the 
proximal tongue with the hard palate known to 
occur during primary swallows (Table  4.1 ). In 
this regard, the pharyngeal swallow could be com-

   Table 4.1    Comparison of the biomechanical events 
during primary and pharyngeal swallow   

 Events 
 Primary 
swallow 

 Pharyngeal 
swallow 

 Lingual peristalsis  +  − 
 Tongue base movement  +  + 
 Oral volume clearance  +  − 
 Pharyngeal volume 
clearance 

 +  + 

 Hyoid bone movement  +  + 
 Velo pharyngeal contact  +  + 
 Vocal cord closure  +  + 
 Aryepiglottal descent  +  + 
 Laryngeal elevation  +  + 
 Vestibular closure  +  + 

  From Shaker R, et al. The American Journal of Medicine. 
2000;108:8S–14S  
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pared to secondary esophageal peristalsis, which 
usually spares the activation of the peristaltic wave 
from areas proximal to the point of stimulation 
 [  23–  25  ] . For this reason, the term “secondary 
swallow” is used interchangeably with pharyngeal 
swallow. Except for lingual peristalsis and transit 
of oral bolus, the rest of the deglutitive biome-
chanical events during both types of swallows 
were found to be similar (Table  4.2 ).   

 A signi fi cantly larger volume of liquid is 
required to trigger a pharyngeal swallow in the 
elderly  [  21  ] . From a functional point of view, we 
speculate that pharyngeal swallows may help 
prevent aspiration by two mechanisms: (1) 
Activating the swallow-induced glottal closure 
(this   , in turn, seals off the airway and prevents 
possible aspiration of material that may either fall 
into the pharynx inadvertently during the prepa-
ratory phase of swallowing, or enter the pharynx 
during large volume GER episodes) and (2) clear-
ing the pharynx of materials that enter it during 
re fl ux from the esophagus. 

 The demonstrated need for larger volumes to 
trigger pharyngeal swallow in elderly patients 
could potentially have clinical implications. In 
the interval between the entry of sub-threshold 
volumes of gastric content into the pharynx and 
occurrence of a primary swallow, the material 
may be inhaled into the airway. This possibility is 
further enhanced by the fact that the rate of 

spontaneous swallowing in the elderly is lower 
than in the young  [  26,   27  ] . 

 Several areas within the oropharyngeal cavity 
have been shown to be sensitive for elicitation of 
the swallowing re fl ex. Stimulation of the anterior 
faucial pillars, the tongue, and the epiglottis, as 
well as the larynx and the posterior pharyngeal wall 
 [  28,   29  ] , has been shown to trigger swallowing. 

 It has been shown previously that the sponta-
neous (primary) swallow occurs infrequently 
during stable sleep  [  26,   27,   30  ] . The stimulation 
of pharyngeal swallow during sleep has not been 
studied systematically. However, its nocturnal 
activation can potentially play an important role 
in preventing the contact of re fl uxed gastric con-
tent with laryngeal structures and its subsequent 
aspiration. A preliminary study  [  30  ]  evaluating 
the effect of pharyngeal water stimulation on air-
way protective re fl exes in sleep suggests three 
types of response:    arousal followed by swallow 
was the predominant response followed by cough 
and arousal followed by swallow and the least 
frequent was swallow followed by arousal.  

   Pharyngo-UES Contractile Re fl ex 

 Pharyngeal mechanical stimulation in cats  [  31  ]  
and water stimulation in humans  [  32  ]  result in an 
increase in the resting tone of the UES, the phar-

   Table 4.2    Function of various elements involved in belching and swallowing   

 Vestibular closure  Epiglottal 
descent 

 Laryngeal 
elevation 

 Hyoid movement 

 Events  VC-AD  Supraglottic  Subepiglottic  Anterior  Superior  Inferior 

 Swallowing  +  +  +  +  +  +  +  − 
 Esopahgeal belch 
without increase in 
intragastric pressure 

 +  −  −  −  −  +  ±  ± 

 Esophageal belch 
with increase in 
intragastric pressure 

 +  +  −  −  −  +  ±  ± 

 Gastric belch 
without increase in 
intragastric pressure 

 +  −  −  −  −  +  ±  ± 

 Gastric belch with 
increase in 
intragastric pressure 

 +  +  −  −  −  +  ±  ± 

   VC-AD  vocal cord adduction, + = present, − = absent 
 From R. Shaker Dysphagia. 1993;8:326–330 with permission  
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yngo-UES contractile re fl ex (PUCR). It is specu-
lated that it functions as an airway-protective 
mechanism whereby retrograde entry of small 
volumes of liquid into the pharynx from the 
stomach results in augmentation of UES tone, 
reducing the chance of further regurgitation into 
the pharynx. During slow, continuous water 
injection into the pharynx, the UES pressure 
increases precipitously before the occurrence of 
the pharyngeal swallow. In the young group in 
the supine position during the slow continuous 
injection, the UES pressure increased from a 
basal pressure of 50 ± 7 to a pressure of 
94 ± 9 mmHg, which is a 76 ± 16 % increase 
( P  < 0.05). In the elderly, although similar trend 
existed, the pressure difference was not statisti-
cally signi fi cant. These  fi ndings are similar for 
the upright position. 

 The afferent limb of the PUCR is thought to 
be mediated by the glossopharyngeal nerves. In 
animal studies, cutting the glossopharyngeal 
nerve blocked the PUCR but did not block the 
esophago-UES contractile re fl ex or the responses 
of the thyropharyngeus or cricopharyngeus mus-
cles during swallowing  [  31  ] .    The efferent limb of 
the PUCR is mediated by the pharyngoesopha-
geal nerves (somato-motor nerves) that branch 
from the vagal trunk just rostral to the nodose 
ganglion  [  33  ] ;    transection of this nerve elimi-
nated basal tone of the cricopharyngeus muscle 
and blocked the cricopharyngeus muscle response 
to all re fl ex stimuli: PUCR, esophago-UES con-
tractile re fl ex, and swallowing, but did not block 
the response of thyropharyngeus muscle during 
swallowing. Transection of the vagus nerves at 
the cervical level (i.e., below the nodose gan-
glion) had no effect on the PUCR but blocked the 
esophago-UES contractile re fl ex, which indi-
cated that the recurrent laryngeal nerve (which 
branches from the vagal trunk in the thoracic 
cavity) serves no role in this re fl ex  [  31  ] . It is pos-
sible, however, that activation of these pharyn-
geal receptors may affect laryngeal muscle 
activity that may be medicated through the recur-
rent laryngeal nerves  [  34  ] . 

 A recent study was conducted on the effect of 
volume, temperature and anesthesia on the PUCR 
in humans  [  17  ] . Pharyngeal water injection at a 

threshold volume of 0.1 ± 0 mL invariably 
resulted in a signi fi cant increase in the UES pres-
sure in all subjects. This pressure increase was 
signi fi cantly lower than that for triggering a pha-
ryngeal swallow. The results were similar for 
slow continuous injection. Topical 4 % anesthetic 
applied to the pharyngeal mucosa completely 
abolished this re fl ex.  

   Pharyngo-UES Contractile Re fl ex in 
Patients with Posterior Laryngitis 

 In a recent study  [  35  ] , 14 consecutive patients 
with posterior laryngitis (48 ± 6 years) and 13 
normal healthy volunteers (53 ± 6 years) were 
studied using concurrent pharyngeal water stim-
ulation and UES manometry. The threshold vol-
ume required to evoke the PUCR in the laryngitis 
group (0.4 ± 0.05 mL) was signi fi cantly higher 
than that of the control (0.2 ± 0.04 mL) ( P  < 0.05). 
Following stimulation of the PUCR, the maxi-
mum post-injection pressure in patients 
(75 ± 6 mmHg) was similar to that of the controls 
(78 ± 6 mmHg). Because of a signi fi cantly lower 
pre-injection UES pressure value in laryngitis 
patients when compared to normal controls, the 
percentage increase in UES pressure following 
stimulation of the re fl ex in the laryngitis group 
(99 ± 15 %) was signi fi cantly higher than that of 
controls (55 ± 11 %) ( P  < 0.05). It was concluded 
that, when compared to normal controls, a 
signi fi cantly larger volume of liquid is required 
to trigger this re fl ex in posterior laryngitis 
patients. When triggered, the maximum UES 
pressure induced by the PUCR is similar between 
the two groups. These  fi ndings suggest an altera-
tion of the afferent limb of the re fl ex in posterior 
laryngitis patients, most probably at the level of 
the pharyngeal receptors. However, whether this 
alteration is a primary defect or secondary to the 
effect of pharyngeal acid re fl ux is not deter-
mined. Study  fi ndings also indicate that when 
triggered, the response of the target organ—
namely, the UES in the patient group—is similar 
to that of the controls, indicating the intact func-
tion of the efferent limb and central control of 
the re fl ex. 
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 Although the  fi nding of a signi fi cantly larger 
threshold volume required to trigger the pharyn-
go-UES re fl ex has physiologic signi fi cance, its 
clinical implications are currently undetermined 
because the difference of the threshold volume 
between controls and patients is small. However, 
it documents a signi fi cant difference in one of the 
proposed airway protective mechanisms against 
re fl ux of gastric content into the pharynx in a 
patient group with presumed re fl ux-induced 
laryngeal abnormalities.  

   Pharyngo-Glottal Adduction Re fl ex 

 Recent studies have shown that injection of min-
ute amounts of water into the pharynx results in 
brief closure of the vocal cords  [  36,   37  ] . Gradual 
entry of liquid into the pharynx induced partial 
adduction of the cords. It is postulated that this 
adduction response is a part of the complex pro-
tective mechanisms that protect the airway from 
retrograde aspiration. On the other hand, studies 
have clearly shown the activation of this re fl ex 
during the preparatory phase of swallowing as 
the bolus over fl ows into the pharynx while masti-
cation is in progress  [  38  ] . Entry of the oral con-
tent into the pharynx before swallowing is 
initiated induces a partial adduction of the cords 
believed to reduce the chance of aspiration by 
decreasing the glottis opening to the trachea. The 
threshold volume that stimulates this glottal 
adduction was found to be signi fi cantly smaller 
than that required to trigger an irrepressible pha-
ryngeal swallow but similar to that required to 
induce a PUCR. Recent evidence suggests that a 
signi fi cantly larger volume of liquid is needed to 
trigger a pharyngoglottal re fl ex in the elderly 
when compared to the young. Although pre-
served, a signi fi cantly larger volume of water is 
required to stimulate this re fl ex by rapid pulse 
injection in the elderly, suggesting some deterio-
ration in this age group. The pharyngoglottal clo-
sure re fl ex induced by rapid pulse injection is 
absent in dysphagic patients with predeglutitive 
aspiration, suggesting its contribution to airway 
protection against aspiration  [  39  ] .  

   Effect of Alcohol and Cigarette 
Smoking on Pharyngeal Airway 
Protective Re fl exes 

 Integrity of the aerodigestive re fl exes is impor-
tant in protecting the airways against aspiration 
injury. Alcoholics are at risk of developing aspi-
ration pneumonia during an episode of severe 
alcohol intoxication. It is plausible that the 
depressant effect of alcohol on the central ner-
vous system blunts the airway protective re fl exes 
that may then predispose those with alcohol 
intoxication to aspiration of gastric contents. It is 
also not uncommon for cigarette smokers to have 
recurrent laryngeal and pulmonary disorders. 
Recent studies have shown that acute and chronic 
cigarette smoking can adversely affect the elicita-
tion of Pharyngo-glottal, PUCR and RPS  [  40, 
  41  ] , thereby predisposing cigarette smokers to 
risks of aspiration. Indeed recent studies have 
con fi rmed aspiration in smokers lacking intact 
aerodigestive re fl exes  [  42  ] . As smokers are given 
nicotine patches to help them quit smoking, it is 
important to know whether this adverse effect of 
smoking on the aerodigestive re fl exes is second-
ary to the local effect of cigarette smoke on the 
pharynx, due to gastroesophagopharyngeal 
re fl ux, or to the effect of systemic nicotine. 

 Acute alcohol exposure can adversely affect 
the triggering of PUCR and RPS  [  43  ]  effects of 
alcohol can weaken the airway protective mecha-
nisms against aspiration and may have implica-
tions in the pathogenesis of pneumonia after 
acute alcohol intoxication. This deleterious effect 
of alcohol appears to be secondary to a systemic 
effect of alcohol rather than its local effect on the 
pharynx  [  43  ] . Similarly, like previous studies 
 [  40,   41  ] , acute cigarette smoking further increased 
the threshold volume required to trigger these 
re fl exes, whereas no such adverse effect was seen 
after a nicotine patch was applied. This  fi nding 
suggests that the negative effect of smoking on 
these re fl exes may be due to a local effect of 
smoking on the pharynx rather than a systemic 
action of nicotine. Hence, preparations that 
deliver systemic nicotine to help quit smoking 
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like nicotine patches may be used without 
compromising the aerodigestive re fl exes. 

 It is conceivable that concurrent use of tobacco 
and alcohol may have an additive deleterious 
effect on the aerodigestive re fl exes.  

   Pharyngeal Safe Volume and Its 
Relation to Airway Protective Re fl exes 

 Comparison between the maximum capacity of 
 fl uid that can safely dwell in the hypopharynx 
(i.e., hypopharyngeal safe volume) before spill-
ing into the larynx and the threshold volumes 
required to trigger pharyngo-glottal closure re fl ex 
(PGCR) PUCR and RPS has been reported 
recently  [  44  ] . These studies have shown that in 
healthy young individuals the threshold volume 
for eliciting aerodigestive re fl exes by pharyngo 
water stimulation is signi fi cantly smaller than 
the maximum capacity of the hypopharynx to 
safely hold contents without spilling into the air-
way (Fig.  4.2 ). These studies also showed that by 
abolishing these re fl exes with pharyngeal anes-
thesia the safe volume can be exceeded without 
being able to trigger these re fl exes resulting in 

laryngeal spillage. These observations directly 
demonstrate the protective role of the aerodiges-
tive re fl exes. This notion has been supported in a 
study of chronic cigarette smokers in whom the 
pharyngeal airway protective re fl exes are shown 
to be defective. In these studies, pharyngeal water 
infusion resulted in laryngeal spillage in 12 of the 
15 smokers with absent RPS. In addition, pharyn-
geal anesthesia abolishing the RPS in non-smok-
ers resulted in laryngeal spillage. Of note, none 
of the non-smokers were found to develop laryn-
geal spillage before pharyngeal anesthesia  [  42  ] . 
Interestingly, pharyngeal safe volume in healthy 
young individuals as well as smokers has been 
reported to be less than 1 mL  [  42  ] . This  fi nding 
has clinical rami fi cation in post-deglutitive resi-
due and its potential aspiration.   

   Mechanisms of Airway Protection 
During Belching 

 Belching is de fi ned as voiding of gas from the 
stomach and esophagus through the mouth. 
However, it is known that distention of the esoph-
agus by water may also initiate an esophageal 

  Fig. 4.2    The threshold volume for triggering PGCR, 
pharyngo-UES contractile re fl ex (PUCR), and re fl exive 
pharyngeal swallow (RPS) by slow and rapid injections 
before pharyngeal anesthesia was 0.18 ± 0.02 and 
0.09 ± 0.02 mL, 0.20 ± 0.020 and 0.13 ± 0.04 mL, and 
0.61 ± 0.04 and 0.4 ± 0.06 mL, respectively. All of the 
above volumes were signi fi cantly smaller than the maxi-

mum volume that can safely dwell in the hypopharynx 
hypopharyngeal safe volume (HPSV) of 0.70 ± 0.06 mL 
( P  < 0.01) except for the threshold volume to elicit RPS 
during slow perfusion, which was not signi fi cantly differ-
ent from HPSV ( P  = 0.23). From K. Dua et al. Am J 
Physiol Gastrointest Liver Physiol  2011;301:G197–G202 
with permission   
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belching that does not involve gas re fl ux from the 
stomach. Ventilation of gastric or esophageal gas 
across the UES into the pharynx may be accom-
panied by entry of food particles, acid mist, etc., 
into the hypopharynx, and lead to aspiration. 

 Recent studies indicate that the glottis is 
actively involved in the belch re fl ex by activation 
of its closure mechanism  [  45  ] . They also indicate 
the existence of a close coordination between the 
UES and glottal function during belching. These 
studies also show that the glottal closure mecha-
nism is activated and the vocal cords become 
closed before UES relaxation and its subsequent 
opening during belching (Table  4.2 ). One may 
hypothesize that the same coordination may exist 
during regurgitation and vomiting. 

 Glottal function during belching consists of the 
following sequences: (1) vocal cord adduction 
concurrent with the adduction of arytenoids, result-
ing in full closure of the introitus to trachea—onset 
of vocal cord adduction occurs 0.1 ± 0.08 s after 
onset of intra-esophageal pressure increase, due to 
air injection; (2) anterior/caudad movements of the 
glottis; and (3) opening of the UES that is either 
slit-like or triangular  [  45  ] . 

 During some belches, the adducted arytenoids 
approximate the base of epiglottis, whereby clos-
ing the supraglottic portion of laryngeal vesti-
bule. Supraglottic closure of the laryngeal 
vestibule, when present, is associated with an 
increase in intragastric pressure. Glottal function 
during gastric belches is similar to its function 
during esophageal belching. 

 Glottal closure and its precedence to the UES 
relaxation and opening during belching is an 
important protective function against aspiration 
of food particles, acid mist, and gastric content 
that maybe regurgitated into the pharynx during 
belching and could be aspirated into the trachea. 
Glottal closure during belching in humans is in 
sharp contrast to the glottal function in rumi-
nants in which the glottis remains open during 
belching, resulting in tracheal re fl ux of gastric 
gas  [  46  ] . 

 The time interval between the onset of vocal 
cord adduction and their complete closure, as 
well as the time interval between the onset of 
their abduction to their return to resting open 

position during belching, is  fi xed and indicates 
that the closure and opening of the cords during 
belching is preprogrammed by a stereotypical 
neural program. On the other hand, the duration 
of complete cord closure during belching is 
modi fi ed according to the volume of belched air. 

 We suggest that the neural pathway of glottal 
closure during belching begins with the vagus 
innervating the stretch receptors in the esopha-
geal wall that carries the signal to the brainstem. 
The efferent vagal  fi bers, through recurrent laryn-
geal nerve, carry the signal to the glottal adductor 
muscles—interarytenoid, lateral cricoarytenoid 
and thyroarytenoid. We also suggest that the sig-
nals carried by the vagus to the brainstem from 
the esophageal wall stretch receptors stimulate 
supra- and infrahyoid muscles through ansa cervi-
calis and result in UES opening.    A comparison of 
the functions of the various elements involved in 
belching and swallowing is shown in Table  4.2 . 

 Glottal closure is an integral component of 
both esophageal and gastric belch re fl exes and 
prevents aspirations of regurgitated material into 
the airway. The glottal closure mechanism during 
belching has two tiers of closure: vocal cord clo-
sure and aryepiglottic approximation. Glottal and 
UES functions are closely coordinated during 
belching.  

   Laryngo-Upper Esophageal Sphincter 
Contractile Re fl ex 

 The UES pressure response to laryngeal air stim-
ulations documented the existence of a laryngo 
UES contractile re fl ex (Fig.  4.3 ). Signi fi cant 
reduction in the frequency stimulation of this 
re fl ex in elderly subjects compared with young 
subjects has been reported  [  47  ] .  

 The laryngo UES contractile re fl ex can be 
elicited by stimulus intensity as low as an air 
pulse of 6 mmHg pressure with 50-ms duration. 
However, this ultrashort stimulation in awake 
humans is not reliable because the frequency of 
elicitation of the re fl ex with this stimulus is very 
low. This is most probably caused by the dif fi culty 
in maintaining a constant distance between the 
air delivery system and the targeted site. 
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 Using longer duration pulses of at least 2-s 
duration improves reliability. When laryngeal 
mucosa is stimulated by 2-s continuous air stimu-
lation, elicitation of this re fl ex increased to about 
80 % of the trials and is signi fi cantly higher than 
those by air stimulations of shorter duration. 

 The afferent arm of this re fl ex in humans is the 
laryngeal mechanoreceptor and internal division 
of the superior laryngeal nerve  [  48  ] , a branch of 
the vagus nerve. The efferent arm is the vagus 
nerve  [  49  ] , including the superior laryngeal nerve 
and recurrent laryngeal nerve, although the 
glossopharyngeal nerve cannot be excluded 
because it serves branches into the pharyngeal 
plexus. The central pathway for this re fl ex is 
probably different from those of deglutition 
because the contractile response to the stimula-
tion of this re fl ex is the opposite of the relaxation 
response of the UES to volitional, subconscious 
and re fl exive or pharyngeal swallow. This re fl ex 
is different from the PUCR that is triggered by 
stimulation of mechanoreceptors in the posterior 
pharyngeal wall  [  31,   32  ]  although the effector 
organ and efferent arc are the same for both the 
re fl exes, the sensory  fi eld and afferent arc are dif-
ferent in that the PUCR is mediated via the 
glossopharyngeal  [  31  ]  nerve with possible 
contribution from the superior laryngeal nerve. 

 Earlier studies have shown that air stimulation 
of the larynx also has an inhibitory effect on the 
lower esophageal sphincter  [  50,   51  ] , it is conceiv-
able that activation of the laryngo-UES contrac-
tile re fl ex may counteract the possible 
consequences of the inhibitory effect of laryngeal 
stimulation on the lower esophageal sphincter, 
namely, pharyngeal re fl ux of gastric content by 
increasing the UES pressure. In addition, although 
highly speculative at this stage, this re fl ex may be 
activated during pharyngeal re fl ux events by con-
tact of regurgitated material with the laryngeal 
mucosa and by inducing an augmentation of UES 
resting pressure, possibly preventing further entry 
of re fl uxate into the pharynx and larynx. It is con-
ceivable that deterioration of this re fl ex in elderly 
subjects may negatively affect airway protection 
against aspiration in this age group, especially 
during nighttime re fl ux events with the subject in 
the supine position when the airway is most 
vulnerable. 

 Paradoxical and absent UES response to laryn-
geal stimulation in a small group of patients with 
UES dysphagia has been reported  [  47  ]  and sug-
gests the possibility of alteration of the laryngo-
UES contractile re fl ex in disease conditions. The 
potential groups exhibiting this alteration other 
than dysphagic patients may include those with 

  Fig. 4.3    An example of the UES pressure response to 
laryngeal air stimulation of 6 mmHg with 2-s duration in 
a young volunteer. As seen, UES pressure abruptly 
increased from about 30 mmHg and reached 60 mmHg 

after an air simulation delivered to the interarytenoid 
area. The poststimulation pressure continued until the 
subject swallowed by demand. From O. Kawamura et al. 
Gastroenterology 2004;127:57–64 with permission       
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re fl ux-induced laryngeal and pulmonary compli-
cations. The paradoxical response of the UES to 
laryngeal air stimulation, observed in patients with 
UES dysphagia, suggests changes in the brain 
stem control of this re fl ex inducing inhibition of 
the efferent nerves instead of their stimulation. 

 It is surmised that, afferent signals originating 
from the larynx induce contraction of the UES (the 
laryngo-UES contractile re fl ex). Frequency elici-
tation of this re fl ex is signi fi cantly lower in elderly 
subjects compared with young subjects, while the 
magnitude of change in UES pressure remains 
unchanged, indicating a deleterious effect of aging 
on the afferent arm of this re fl ex. The laryngo-UES 
contractile re fl ex is more reproducibly elicited by 
2-s air stimulations than stimuli of shorter dura-
tions. The laryngo-UES contractile re fl ex is altered 
in some patients with UES dysphagia.  

   Phonation-Induced UES Contractile 
Re fl ex 

 Activation of airway-protective mechanisms in 
response to respiratory function with potential 
for causing re fl ux events such as phonation and 
cough has been recently studied  [  52  ] . 

 Phonation requires rapid opening and closing 
of the vocal folds to interrupt the air stream  [  15  ] , 
accompanied by an increase in subglottal tracheal 
pressure believed to be generated by contraction of 
the diaphragm, simultaneously causing an increase 
in intra-abdominal pressure. This minimal sub-
glottal pressure is necessary to drive the vocal 
cords into vibration. The fundamental frequency 
of a voice depends on the rapidity of vocal fold 
vibration, pharyngeal dimensions and vocal fold 
length among others  [  53  ] . Whenever the subglottal 
pressure is increased, the vocal fold vibrates faster 
and fundamental voice frequency is increased  [  15  ] . 
This phenomenon, especially during high-fre-
quency vocalization such as that seen in profes-
sional singers, can potentially predispose to GER, 
a recognized clinical problem in this group  [  54  ] . 

 The effect of phonation on the intraluminal 
pressures of the esophagus and its sphincters was 
characterized by using concurrent manometry, 
voice recording, and video fl uoroscopy in young, 

healthy volunteers (Fig.  4.4a ). The study  fi ndings 
indicate that during phonation there develops a 
signi fi cantly higher pressure increase within the 
UES compared with the esophagus, LES, and 
stomach. In contrast, study  fi ndings indicate that 
phonation induces similar pressure increases within 
the stomach, LES, and esophagus (Fig.  4.4b ).  

 Although the phonation-induced intrathoracic 
and intra-abdominal pressure increases have been 
described previously, the observed disproportion-
ately higher UESP increase during phonation has 
not been previously reported. Two mechanisms 
could be envisaged for this disproportionately 
higher pressure increase seen in the UES com-
pared with the rest of the gastrointestinal tract dur-
ing phonation: (1) mechanical squeeze of the 
sphincter by surrounding structures such as poste-
rior movement of the larynx pressing the sphincter 
against the spine and (2) neuromuscular re fl ex 
mechanisms resulting in UES muscle contraction. 
Using concurrent video fl uoroscopy during phona-
tion, the excursion of the laryngeal apparatus was 
evaluated in these studies and the absence of its 
posterior movement documented, ruling out the 
 fi rst possibility. This  fi nding supports the notion of 
a contractile UES response to phonation. 

 In that, phonation induces a signi fi cant 
increase in UESP. This UESP increase is 
signi fi cantly higher than that of the stomach, 
esophagus and LES indicating the existence of a 
phonation-induced UES contractile re fl ex.  

   Upper Esophageal Sphincter and 
Gastroesophageal Junction Pressures 
in Obstructive Apnea Patients 

 Recent studies have shown that during apnea epi-
sodes in patients with obstructive sleep apnea 
(OSA) upper esophageal sphincter and gastroe-
sophageal junction pressure changes act to pre-
vent gastroesophageal and esophagopharyngeal 
re fl ux  [  55  ] . It has been thought that patients with 
OSA have more re fl ux events than healthy sub-
jects  [  56  ] . In patients with OSA, end-inspiratory 
intraesophageal pressure progressively decreases 
during periods of apnea  [  57  ] . Moreover, nasal 
continuous positive airway pressure (CPAP) 



  Fig. 4.4    ( a ) Example of concurrent manometry  line trac-
ing  (a), voice recording (b), and contour plot (c) during 
high-pitch “ä” sound using ManoView and Praat software 
programs, respectively.  Dashed frame  in the manometry 
 line  tracing (a) demarcates a single trail of high-pitch “ä”. 
 Brown  tracing represents eSleeve showing  upper  esopha-
geal sphincter (UES) maximum pressure. Corresponding 

voice recording is showing in (b);  green  and  blue lines  rep-
resent pitch and amplitude, respectively, of high-pitch ä 
during this particular trial. On  right  of plot are three pitch 
values:  bottom ,  fl oor of viewable pitch range (75 Hz);  top , 
ceiling of pitch range (500 Hg); and  middle , pitch value at 
cursor. On  left  of plot:  bottom ,  fl oor (0 dB);  top , ceiling 
(100–150 dB) of viewable intensity range; and middle,
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Fig. 4.4 (continued) intensity value at cursor (c): example 
of a manometric contour plot. ( b ) Effect of phonation on 
luminal pressure of esophagus and its sphincters. Median 
pressure changes over prephonation pressure during pho-
nation of high- and low-pitch ä and c in stomach, esopha-
gus, UES, and  lower  esophageal sphincter (LES) are 

shown. Median UES pressure (UESAP) increasing during 
ä (a) and c (b) for both  high  and  low  pitches was signi fi cantly 
higher than that of esophagus, LES, and stomach 
(* P  < 0.005). From L. Perera et al. Am J Physiol 
Gastrointest Liver Physiol 2008;294:G885–G891 with 
permission   

reduces nocturnal GER events in patients with 
OSA  [  58  ] . Taken together, these  fi ndings suggest 
that the decrease in intraesophageal pressure dur-
ing OSA could potentially facilitate GER events. 

 This notion was investigated in a study of 542 
OSA events in patients with OSA without GERD, 
and 448 OSA events in patients with OSA and 
GERD.    The  fi ndings indicate that over the course of 
the apneic events, progressive changes occur in the 
intraesophageal, UES, and GEJ pressures, resulting 

in the intraesophageal pressure at the end-inspiratory 
phase at the end of OSA to be signi fi cantly lower 
than that at the beginning of OSA. In contrast, both 
the UES and GEJ pressures at the end-inspiratory 
phase at the end of OSA were found to be signi fi cantly 
higher than those at the beginning of OSA. 

 It was observed that despite a decrease in 
intraesophageal pressure during OSA events, 
compensatory changes in UES and GEJ pres-
sures acted to prevent patients with OSA with 
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and without GERD from having either acid or 
nonacid re fl ux events during periods of apnea.  

   Summary 

 In summary, there are a number of mechanisms 
including at least nine re fl exes identi fi ed that 
either augment the UES pressure barrier, close the 
airway or clear the esophagus and pharynx from 
liquid or solid volumes. The re fl ex mechanisms 
may be activated as a result of pressure events 
associated with antegrade as well as retrograde 
transit of material through the pharyngoesopha-
geal axis. Available evidence indicates that one 
or several of these re fl exes may be stimulated in 
response to a single stimulus, such as stimulation 

of secondary peristalsis, esophago-UES contrac-
tile and esophageal closure re fl ex in response to 
esophageal distension or stimulation of the phar-
yngo-UES and pharyngoglottal closure re fl exes 
as a consequence of stimulation of the pharyn-
geal mucosa. Aging, alcohol use, and smoking 
seem to adversely affect these re fl exes. Emerging 
studies suggest the impairment of these re fl exes 
in some conditions involving the aero-digestive 
tract, such as posterior laryngitis or predeglutitive 
aspiration. As mentioned earlier, in addition to 
protective re fl exes, there are inhibitory re fl exes 
that are triggered by the stimulation of the esoph-
agus, pharynx, and the larynx. Summary repre-
sentation of all the known inhibitory and 
excitatory esophageal, pharyngeal, and laryngeal 
re fl exes is presented in Fig.  4.5a–c .       
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  Fig. 4.5    ( a – c ) Summary  fi gures showing excitatory and 
inhibitory re fl exes emanating from pharynx ( a ), larynx 
( b ), and esophagus ( c ).  Positive sign  indicates stiluation 

while  negative sign  indicates inhibition and unknown 
response is indicated by a  question mark        
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   Introduction 

 Normal deglutition is a dynamic, sensorimotor 
process involving 26 pairs of muscles, four cranial 
nerve motor nuclei and peripheral afferent inputs. 

This coordination in healthy individuals is vital 
for ensuring safe transport of ingested material 
from the mouth to the stomach for digestion with-
out compromising the airway. The clinical rele-
vance of the central control mechanism involved 
in swallowing is highlighted when considering 
brain injuries such as acute cerebral cortical or 
brain stem strokes that commonly disrupt central 
coordination resulting in oropharyngeal dys-
phagia which can lead to serious complications 
such as aspiration pneumonia  [  1  ] . 

 Historically it was believed that the central 
neural control of swallowing was almost entirely 
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  Abstract 

 The human swallowing musculature is coordinated centrally through a 
multidimensional hierarchy of deglutative centres both in the cerebral cor-
tex and brain stem. The cortex has an important role in initiation of the 
volitional swallow and has a role in all three phases of deglutition. 
Developments in technology, particularly functional brain imaging, have 
seen a fuller delineation of the human swallowing network and studies 
have shown that this system is adaptable to stimuli and subject to plastic 
change both to internal and external inputs. There is evidence to suggest 
cortical functional asymmetry, with a dominant swallowing hemisphere in 
healthy individuals, and when this is affected by stroke, with the non-
dominant hemisphere clinically thought to be relevant in re-organisation 
and recovery of swallowing function. Finally, there is now considerable 
interest in neuromodulatory-based techniques in driving this brain 
re-organisation after cerebral injury.  
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dependent on brain stem re fl exive mechanisms 
 [  2  ] . We now understand that deglutition is a 
dynamic process which can be initiated volition-
ally via the cerebral cortex and controlled by the 
central nervous system in a “multidimensional 
fashion”  [  2–  4  ] . Normal swallowing has both 
volitional and re fl exive components as illustrated 
in Fig.  5.1 , which highlights the multidimen-
sional levels of neural control of swallowing. In 
particular there is emphasis on descending corti-
cal inputs to the brain stem, in association with 
sensory feedback which can in fl uence cortical 
activity and hence motor output to swallowing 
musculature via the central pattern generator. 
This chapter will begin by discussing the evi-
dence for the role of higher cortical centres and 
subcortical regions in the control of swallowing, 
in particular evidence from non-invasive cortical 
stimulation techniques and functional brain imag-
ing which have revolutionised our understanding 
of human deglutition (Fig.  5.1 ).  

 Early evidence implicating regions of the cere-
bral cortex and the brain stem in the neural control 
of swallowing was based on neurophysiological 

observations in animals such as the seminal studies 
by Miller and Sherrington  [  5,   6  ] . Thereafter, 
Pen fi eld et al. using direct electrical brain stimula-
tion in anaesthetised humans during neurosurgery 
demonstrated that stimulation to certain parts of 
the cerebral cortex can induce swallowing  [  7  ] . 
In more recent times, studies using non-invasive 
cortical stimulation techniques have mapped 
areas of the cortex representing human swallow-
ing musculature  [  8,   9  ] . Other evidence indicating 
cortical involvement came from reports of dys-
phagic stroke patients without brainstem disease 
with only unilateral cortical involvement  [  10–  12  ] . 
In the past decade, signi fi cant advances in 
neuroscienti fi c research using functional brain 
imaging techniques have improved our under-
standing of swallowing neurophysiology and the 
functional neuroanatomy of the brain structures 
involved in swallowing. We now have a better 
understanding of the recovery of swallowing after 
stroke and these developments have generated 
much interest in translational research looking 
at adjunctive neuromodulatory treatments for 
dysphagia after brain injury.  

  Fig. 5.1    The multidimensional model of central neural control in human swallowing. From N.E. Diamant Nat Med 
1996;2:1190 with permission       
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   The Cerebral Cortex and Unravelling 
the Neurophysiology of Swallowing 

 Swallowing muscle activity in response to non-
invasive cortical stimulation can be studied in 
detail in intact man, using non-invasive transcra-
nial magnetic stimulation (TMS) and assessing 
pharyngeal and oesophageal motor evoked poten-
tials by way of an intraluminal catheter and elec-
tromyography (EMG) recordings. Hamdy et al. 
used these methods to probe cortical projections 
to the pharynx and reported that muscle groups 
involved in swallowing are represented bilater-
ally, but asymmetrically in the human motor and 
premotor cortex areas in somatotopic fashion 
with the mylohyoid lateral and the pharynx more 
medial  [  9  ] . This important  fi nding of asymmetric 
bilaterality which was  independent  of handed-
ness was thought to indicate that humans have a 
dominant swallowing hemisphere and this may 
explain oropharyngeal dysphagia in patients with 
hemispheric stroke if the dominant side is 
involved  [  13  ] . Numerous studies using functional 
brain imaging have also observed functional 
asymmetry in the swallowing cortex, with the left 
hemisphere being most frequently cited. Additive 
to these assumptions, Mistry et al. reported evi-
dence for functional asymmetry using inhibitory 
frequencies (“virtual lesions”) of TMS applied to 
human pharyngeal motor cortices  [  14  ] . In the 
diseased state, Hamdy and colleagues have shown 
evidence for increased cortical excitability in the 
unaffected cerebral hemisphere following unilat-
eral dysphagic stroke with this type of re-organi-
sation in the pharyngeal motor cortex being 
associated with swallowing recovery  [  15  ] . 
Consequently, there is now considerable interest 
in cortical stimulation-based techniques being 
used to drive brain re-organisation in human swal-
lowing motor cortex  [  16  ] . 

 The above-mentioned TMS studies for the  fi rst 
time provided a clear description of cortical maps 
of cerebral areas involved in the corticobulbar 
pathway; demonstrating that multiple regions of 
the cerebral cortex could be stimulated to induce 
motor responses in swallowing musculature. 

However, this did not give any information about 
the functional relevance of these corticofugal pro-
jections to swallowing function  [  9  ] . Functional 
magnetic resonance imaging (fMRI) is now widely 
available to researchers and has been extensively 
used to assess cortical regions involved in swal-
lowing  [  17–  22  ] . Techniques have now improved 
to reduce motion artefact. Both fMRI and positron 
emission tomography (PET) demonstrate changes 
in cortical function by way of altered regional 
cerebral blood  fl ow but fMRI is often preferred 
given the absence of exposure to ionising radiation 
and it has excellent spatial resolution (Figs.  5.2  
and  5.3 ). The main limitation of fMRI is that due 
to poor temporal resolution it is not possible to 
accurately follow the sequence of activations dur-
ing execution of a sequential task such as swallow-
ing. This is where magnetic encephalography 
(MEG) has proved useful (Fig.  5.4 ). Table  5.1  
illustrates the advantages and limitations for each 
of these brain imaging techniques in investigating 
human swallowing pathways. Table  5.2  shows the 
main cortical and subcortical regions that have 
been identi fi ed as active during swallowing by 
each of these scanning modalities.      

 A recent meta-analysis has combined func-
tional brain imaging data during swallowing from 
ten studies, including a total of 98 subjects. Based 
on these combined data, the authors have reported 
activity likelihood estimations (ALE) in cortical 
regions  [  23  ] . It was determined that during voli-
tional water swallows, 12 cortical areas had 
signi fi cant ALE (Fig.  5.5 ). The left and right sen-
sorimotor cortex, right inferior parietal lobe and 
right insula were found to have the highest ALE. 
A systematic review including 14 studies using 
fMRI in healthy subjects during swallowing 
showed similar data  [  24  ] . The primary motor cor-
tex was again found to be the most prevalent 
region of activation, followed by the primary sen-
sory cortex (S1, Brodmann’s area (BA) 3, 2, 1). 
The insula and anterior cingulate cortex (BA32, 
33) were also commonly activated during swal-
lowing. Other cerebral sites are activated during 
swallowing but not consistently with some vari-
ability in studies and in individuals  [  25  ] .   
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   Cortical Involvement in the Oral Phase 
of Deglutition 

 Initiation of swallowing is a voluntary process 
after a conscious decision and involves the cere-
bral cortex  [  13,   26,   27  ] . The  fi rst anatomical 
phase of swallowing is the oral phase. Hamdy 

et al., in an event-related functional magnetic 
resonance imaging (fMRI) study, con fi rmed 
involvement of the caudolateral sensorimotor 
cortex in the initiation of swallowing  [  17  ] . 
Around one second before a volitional swallow a 
very short activation in the cingulate cortex has 
been demonstrated to occur which is thought to 
represent initiation and cognitive processing of 

  Fig. 5.3    Positron emission tomography (PET). Here, 
regional cerebral blood  fl ow (rCBF) is superimposed on 
surface renderings of the lateral surface of the brain dur-
ing swallowing. Cortical activation is seen at the pre-
central gyrus and other lateral cortical regions. The 
strongest activations localise to the inferior precentral 

gyrus (IPCG). In the right hemisphere, this focus 
extends into the adjacent inferior postcentral gyrus. 
Additional foci are seen in the right hemisphere within 
the inferior, superior and middle temporal gyri. From 
D. Zald et al. Ann Neurol 1999;46(3):281–86 with 
permission       

  Fig. 5.2    Functional MRI during volitional swallowing. 
This functional MRI shows blood oxygenation level-
dependent (BOLD) responses to voluntary saliva swal-
low ( a ), voluntary tongue elevation ( b ) and voluntary 
 fi nger–thumb opposition ( c ) tasks. Talairach–Tournoux 

plane coordinate is displayed above each brain image. 
 ACC  anterior cingulate cortex,  SMA  supplementary 
motor area. From R.E. Martin et al. J Neurophysiol 
2004;92:2428–493 with permission       
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the swallow. Moreover, just prior to a swallow, 
additional activations are seen in the anterior 
cingulate gyrus (BA24, 25, 32, 33) and supple-
mentary motor areas of both hemispheres  [  28  ] . 
Further activity in the insula and inferior frontal 
gyrus appears to be associated with the pre-swal-
lowing phase and continues up to the motor 
phases  [  29,   30  ] . The primary sensorimotor corti-
ces together with the sensorimotor integration 
areas (BA5, 7) and primary motor cortex (BA4) 

appear to have a role planning and processing 
volitional swallowing. These activations do not 
occur during re fl exive swallowing  [  25  ] . 

 During the oral preparatory phase, the process 
of mastication sends sensory afferent information 
from the dorsum of the tongue and periodontal 
region that are important in regulating bolus con-
sistency as well as lingual propulsive forces to 
aid transport to the pharynx  [  31  ] . This sensory 
input is thought to stimulate activity in the insula, 

  Fig. 5.4    Magnetoencephalography (MEG). These MEG 
images compare cortical activity associated with ( a ) 
infusion of water, ( b ) tongue thrusting and ( c ) swallow-
ing   . During swallowing signi fi cant activation is seen in 
the right superior postcentral gyri (BA3, 1, 2), the left 

paracentral lobule (BA6); inferior parietal lobule 
(BA40) in the right hemisphere was also signi fi cantly 
activated, as were the angular gyrus and supramarginal 
gyrus. From P.L. Furlong et al. Neuroimage 2004;22:
1147–155 with permission       
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amygdala and orbitofrontal cortex  [  32  ] . Cortical 
areas involved in tongue movements include the 
lateral pericentral cortex, frontoparietal opercu-
lum and Anterior Cingulate Cortex areas which 
are also known to be involved with swallowing. 
 [  18  ]  This corticobulbar drive to the tongue mus-
cles, submental, suprahyoid muscles is effected 
via cranial nerves V and XII  [  33  ] . Lamkadem 
et al., in a study involving direct brain stimulation 
in anaesthetised sheep, reported that stimulation 
of the chewing cortex inhibited initiation of re fl ex 
deglutition but did not halt progression once the 
process had started  [  34  ] . This suggests that whilst 
mastication is active, this inhibitory mechanism 
exists to ensure adequate preparation of the bolus 
before swallowing is initiated. fMRI studies have 
shown that mastication activates orofacial senso-
rimotor cortex and premotor cortex and both the 
posterior parietal and prefrontal cortical regions 
 [  32  ] . The physiological processes of olfaction 
and gustation also take place during the oral 

   Table 5.1    Advantages and disadvantages of the different modalities used to study cortical involvement in swallowing   

 Imaging modality 
 Mode of detecting cortical 
activity during swallow  Advantages  Limitations 

 Transcranial magnetic 
stimulation (TMS) 

 • Electromagnetic  fi elds used 
to induce activity in neural 
tissue below stimulator site 

 • Pharyngeal response 
measured using 
electromyography (EMG) 

 • Non-invasive 
 • Can be performed at bedside 
 • Easier in dysphagic patients 

(no swallow required) 

 • Unable to assess 
functional 
neuroanatomy 

 • Unable to study cortical 
activity during a 
swallowing task 

 Functional magnetic 
resonance imaging 
(fMRI) 

 • Alterations in cortical blood 
 fl ow re fl ect changes in 
cortical activity 

 • Blood oxygen 
level-dependent (BOLD) 

 • Detailed neuroanatomy 
(spatial resolution 2 mm) 

 • Single-event-related 
approach gives speci fi c 
cortical activity during a task 
and reduced motion-related 
artefact. 

 • No exposure to ionising 
radiation 

 • Limited temporal 
resolution 

 • Swallowing during 
scans can be dif fi cult 
for dysphagic subjects 

 Positron emission 
tomography (PET) 

 • Alterations in cortical blood 
 fl ow re fl ect changes in 
cortical activity 

 • H2 15O injection to 
estimate blood  fl ow 

 • Better spatial resolution in 
subcortical areas than fMRI 

 • Unable to use 
single-event-related 
approach 

 • Temporal resolution 
inferior to fMRI 

 • Ionising radiation 
exposure 

 Magnetoencephalo-
graphy (MEG) 

 • Cortical neuronal activity 
shown by detection of 
postsynaptic magnetic  fi elds 

 • Similar spatial resolution to 
fMRI and PET 

 • Superior temporal resolution 
(milliseconds) 

 • Can be used during motor task. 
 • No exposure to ionising 

radiation 

 • Availability 

   Table 5.2    Summary of the main cortical and subcortical 
activations associated with swallowing, as identi fi ed by 
functional brain imaging studies   

 Brain region  PET  fMRI  MEG 

 Sensorimotor cortex                      
 Insula             
 Anterior cingulate                   
 Posterior cingulate             
 Supplementary motor cortex                   
 Basal ganglia             
 Cuneus             
 Precuneus                   
 Temporal pole             
 Orbitofrontal cortex             
 Cerebellum             
 Brainstem             

   PET  positron emission tomography 
  fMRI  functional magnetic resonance imaging 
  MEG  magnetoencephalography 
     a Reproduced with permission from  GI Motility Online  
(2006) doi:  10.1038/gimo8      

http://dx.doi.org/10.1038/gimo8
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phase (further described in Chap.   2     of this book). 
Neurophysiological observations in animal stud-
ies and brain imaging during human swallowing 
indicate the cortical areas involved in gustation 
are the anterior/dorsal insula and the frontal oper-
culum  [  35  ] . Recently, an interesting study by 
Babaei et al. using functional magnetic resonance 
imaging (fMRI) scanned the left cerebral cortex 
to compare the effects of different  fl avours 
(popcorn, lemon and milk chocolate) compared 
to water and saliva on the cortical swallowing 
network activity assessed by blood oxygenation 
level-dependent (BOLD) responses after each 
swallowing intervention. The results of this inno-
vative study indicated that  fl avoured liquids com-
pared to “inert” liquids led to signi fi cant increase 
in BOLD response both in anterior and posterior 
parts of the cingulate gyrus, prefrontal cortex, 
sensory/motor cortex but not in the insula  [  36  ] . 
These results may imply that in response to 
sensations such as taste, smell and visual sensa-
tions, the cortical swallowing network may be 
modulated and enhanced; however there were 
potential limitations of this study in particular the 
incomplete imaging of the whole brain. Mistry 
et al. have previously reported that there was no 

difference in excitability of the swallowing 
motor cortex when responses to bitter and sweet 
tastes were compared  [  37  ] .  

   The Cerebral Cortex and the 
Pharyngeal Phase of Normal 
Deglutition 

 By the end of the oral phase of deglutition, the 
bolus is mobilised to the posterior aspect of the 
tongue towards the oropharynx. The pharyngeal 
phase of deglutition is then initiated and is 
believed to be semi-re fl exive with its duration 
and muscular intensity regulated by pharyngeal 
sensory information  [  4  ] . This is emphasised 
when considering a study by Teismann et al. in 
which topical oropharyngeal anaesthesia led to 
pronounced decrease in activation in the primary 
motor and sensory cortex seen on MEG. The 
resulting impaired cortical activity manifested as 
reduced swallow speed and volume  [  38  ] . 

 Arrival of the bolus in pharynx triggers a 
sequence of coordinated muscular events involv-
ing stabilisation of the closed mandible, hyoid 
bone movement and posterior tongue movements. 

  Fig. 5.5    Activation likelihood estimation (ALE) meta-
analysis of brain activity associated with water swal-
lowing. Signi fi cant activation clusters included the left 
precentral gyrus (1), right postcentral (2a) and inferior 

frontal gyrus (2b), right inferior parietal lobule (3), left 
cingulate gyrus (4) and right insula (6). From P. Soros 
et al. Human Brain Mapping 2009;30:2426–439 with 
permission       
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After the pharyngeal wall meets the tongue, the 
bolus is then propelled by waves of contraction. 
Laryngeal and hyoid movements serve to protect 
the airway and laryngeal movement facilitates 
opening of the upper esophageal sphincter (UES) 
 [  2  ] . There has been some debate about the role of 
the primary motor cortex (M1, precentral gyrus, 
BA4) in the seemingly more re fl exive pharyngeal 
phase of swallowing. However, brain imaging 
studies have shown activation of M1 during the 
pharyngeal phase. Furlong et al. in an MEG study 
reported that during the motor phase of swallow-
ing, the caudal region of the pericentral gyrus and 
regions of the sensorimotor cortex were also acti-
vated   . These regions coincide with the topo-
graphic areas that Hamdy et al. described as 
corresponding to pharyngeal and oesophageal 
musculature using TMS  [  8,   39  ] . The superior 
premotor cortex also seems to be involved in the 
motor phase  [  17  ] . Doeltgen et al. investigated 
this recently using TMS over the motor cortex 
and measured surface EMG responses in sub-
mental musculature during swallowing condi-
tions: volitional submental muscle contraction, 
volitional swallowing initiation and during the 
re fl exive pharyngeal component of swallowing. 
The study showed corticobulbar excitability in 
the submental musculature was enhanced by 
volitional submental contraction but not by voli-
tional swallowing and re fl exive pharyngeal swal-
lowing conditions. These results suggest that the 
primary motor cortex has a role in the control of 
swallowing  [  40  ] . Further evidence for the role of 
the cortex in pharyngeal swallowing comes from 
studies using pharyngeal electrical stimulation 
which has been shown to enhance corticobulbar 
excitability with enhancement of BOLD signal to 
fMRI during swallowing and reversal of focal 
inhibition in the pharyngeal motor cortex induced 
by low-frequency TMS  [  41,   42  ] . 

 The anterior and posterior insula have been 
consistently activated during imaging studies. In 
a recent case report of an epileptic individual 
with a ganglionoma in the right posterior insular 
cortex, preoperative electrical stimulation in this 
speci fi c area incidentally caused irregular and 
delayed swallowing, which the patient reported 
as a “stutter” in his swallow. These effects were 

frequency-dependent. The  fi ndings are similar to 
previous stimulation studies in the posterior 
insula  [  7  ] . The authors concluded that the poste-
rior insula may be an important region in the 
cerebral cortical control possibly by affecting 
oropharyngeal–laryngeal sensory alterations 
leading to discomfort or constriction or interfer-
ence with motor execution  [  43  ] . These case report 
observations, whilst of interest, require further 
investigation.  

   The Cerebral Cortex and the 
Esophageal Phase of Swallowing 

 The esophageal phase of deglutition is also 
re fl exive and is triggered by bolus stimulation at 
the proximal esophagus. Sensory receptors here 
are thought to transmit this information via the 
superior laryngeal nerve (SLN) and recurrent 
laryngeal nerve (RLN)  [  44  ] . Once the cricopha-
ryngeal muscles relax the bolus passes into the 
esophagus and primary peristaltic waves then 
transmit the bolus to the stomach. 

 The brain stem central pattern generator 
(CPG) has a crucial role in coordinating the time 
interval between the pharyngeal and esophageal 
phases of swallowing, to ensure ef fi cient bolus 
transfer. This is achieved by separate neurally 
mediated excitatory and inhibitory mechanisms 
 [  44  ] . The inhibitory mechanism affects both the 
longitudinal and circular muscle layers of the 
esophageal wall  [  45  ] . This inhibition is important 
particularly after rapid sequential swallowing 
where it prevents the potentially obstructive situ-
ation of two unsynchronised esophageal peristal-
tic waves occurring at the same time  [  44  ] . Several 
animal studies have investigated this phenome-
non and suggest that deglutitive inhibition is trig-
gered by either SLN stimulation or pharyngeal 
mechanical stimulation, leading to inhibition of 
esophageal pre-motor neurones in the CPG, 
nucleus tractus solitarius (NTS) or the nucleus 
ambiguus (NA)  [  46–  48  ] . 

 Cerebral cortical areas which project to the 
esophageal musculature are more anterior and 
medial to the pharyngeal muscle representation 
 [  8  ] . In an fMRI study, Paine et al. compared 
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cortical activations during swallowing after 
esophageal acid infusion to saline infusion. After 
saline infusion, predictable areas became active 
during swallowing (sensory and motor cortex, 
insula and putamen). After the acid infusion, it 
was noticed that subjects had reduction in activity 
in primary motor and sensorimotor association 
areas. The authors suggest that these inhibited 
cortical responses to painful visceral sensation 
could be due to a protective mechanism against 
swallowing a noxious substance such as acid  [  49  ] . 
These  fi ndings are in contradiction to another 
study of subliminal acid infusion into the esopha-
gus where there was an enhancement of cortical 
activity associated with swallowing compared to 
a control buffer solution  [  50  ] . However, in both 
cases, these data support the view that chemosen-
sory input from the esophagus has strong effects 
on cortical swallowing function, which may or 
may not be esophageal  fi eld-speci fi c.  

   Ageing and Cortical Control 
of Swallowing 

 Pertinent to this review is the effect of aging on 
cortical swallowing function. There is literature 
to suggest that extreme age can alter the biome-
chanical behaviour of swallowing. A recent study 
by Humbert et al. compared cortical activation in 
healthy older subjects directly with younger sub-
jects. The analysis showed that older subjects had 
more cortical activity in more regions compared 
to younger subjects using the same swallowing 
tasks, with higher activity in brain regions active 
during attention demanding tasks such as supe-
rior and middle frontal lobe activity. These results 
may imply that older people require more effort 
and hence more cortical input to maintain normal 
swallowing  [  51  ] .  

   Conclusion 

 There have been considerable recent advances in 
our understanding of the cortical control of swal-
lowing, driven in part by a massive expansion in 
knowledge through the advent of functional brain 

imaging in intact man. These observations, in 
association with more historic data from neuro-
surgical studies and explorations of the cerebral 
cortex in animal, have more fully delineated the 
cortical swallowing network and have shown that 
this system is adaptable to stimuli and subject to 
plastic change both to internal and external 
inputs.  

   Key Points 

    Central control of swallowing is vital in pre-• 
venting aspiration of ingested materials.  
  The cerebral cortex has an important role in • 
initiation and strong involvement in coordi-
nating the normal swallow.  
  Swallowing musculature is represented bilat-• 
erally but asymmetrically in the cerebral 
cortex.  
  Lesions involving the “dominant” hemisphere • 
may explain dysphagia after stroke and re-
organisation of the contralateral (undamaged) 
hemisphere is thought be responsible for 
recovery of swallowing function.  
  Functional brain imaging studies have shown • 
activation of multiple cortical loci during nor-
mal human swallowing.  
  Sensory input from the oropharynx, larynx • 
and esophagus have an important modulatory 
role on cortical swallowing function.  
  There is early evidence that advanced age can • 
affect cortical activity levels during swallow-
ing on functional brain imaging studies.         
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    Introduction 

 Swallowing in mammals, an alimentary function 
involving protection of the upper respiratory tract, 
is a complex but stereotyped motor sequence, 
with the implication that it involves a  fi xed behav-
ioral pattern. It constitutes, however, one of the 
most elaborate motor functions, since it requires 
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 Abstract 

 Deglutition, one of the most elaborate motor functions in mammals, 
depends on a CPG located in the medulla oblongata, which involves sev-
eral brainstem motor nuclei and two main groups of interneurons. The 
DSG, located in a primary sensory nucleus, namely the NTS, contains the 
generator neurons involved in triggering, shaping and timing the sequen-
tial or rhythmic swallowing pattern. The VSG, located in the ventrolateral 
medulla, contains switching neurons that distribute the swallowing drive 
to the various pools of motoneurons. Both peripheral sensory inputs and 
supramedullary infl uences, such as the cortical ones, may shape the CPG 
activity in order to adapt the output of the network to the motor pattern 
required. Interestingly, signalling pathways involved in the control of food 
intake do also exert modulatory infl uences on the CPG. As regard the 
mechanisms at work in the CPG, they depend, very probably, on the pat-
tern of intrinsic connections, with a crucial role of the inhibitory ones in 
shaping the sequential fi ring, as well as on the intrinsic cellular properties 
of swallowing neurons. Recent data indicate that the CPG may show some 
degree of fl exibility, with neurons participating to the activity of other 
brainstem CPGs, providing interesting neuroplasticity capabilities. 
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coordinating an extraordinary bilateral sequence 
of activation and inhibition among more than 25 
pairs of muscles in the mouth, pharynx and lar-
ynx, plus the esophagus  [  1–  5  ] . Interestingly, the 
whole motor sequence can be readily initiated by 
stimulating a single nerve, namely the internal 
branch of the superior laryngeal nerve (SLN), 
providing, therefore, a suitable model for studying 
the neurophysiological mechanisms underlying 
motor pattern generation  [  6–  8  ] . 

 As regards the motor pattern, neurophysiolog-
ical studies have generally considered the swal-
lowing sequence as having two phases: an 
oropharyngeal phase that constitutes an irrevers-
ible motor event, followed by an esophageal 
phase, corresponding to the primary peristalsis of 
the esophagus. Part of the swallowing sequence, 
namely esophageal peristalsis, can also be 
induced in the absence of the oropharyngeal 
phase of swallowing, and is called secondary 
peristalsis  [  2,   3,   9  ] . It is noteworthy that under the 
appropriate stimulus, such as long-lasting repeti-
tive stimulation of the SLN, a pattern of rhythmic 
motor activities of swallowing can occur  [  3,   7  ] . 
In addition, SLN stimulation can elicit, in swal-
lowing muscles, brief electromyographic responses 
with short latency, the so-called elementary re fl exes 
 [  1,   6  ] . Finally, it should be stressed that muscles 
involved in swallowing may also be involved in 
several other motor behaviors, such as lapping, 
licking, sucking, chewing, respiration, emesis, 
and rumination  [  1–  3,   9,   10  ] . In mammals, all 
muscles involved in the oropharyngeal phase are 
striated and are therefore driven by several pools 
of motoneurons located mainly in various cranial 
motor nuclei in the brainstem  [  1,   3,   5  ] . In some 
species, such as the dog, the esophageal muscle 
is entirely composed of striated  fi bers and is 
therefore also controlled by cranial motoneurons. 
In species such as cats, opossums, and primates, 
a variable portion of the lower esophagus is com-
posed of smooth muscle  fi bers and is controlled 
by central preganglionic neurons and peripheral 
neurons of the enteric nervous system  [  2,   9,   11  ] . 

 It is now clearly established, as originally pos-
tulated in the pioneer work by Meltzer  [  12  ] , that 
the sequential and rhythmic patterns of swallow-
ing are formed and organized by a central pattern 

generator (CPG). The CPG was previously 
described as a swallowing center, which can be 
subdivided into three systems: an afferent system 
corresponding to the central and peripheral inputs 
to the center, an efferent system corresponding to 
the outputs from the center, consisting of the var-
ious motoneuron pools involved in swallowing, 
and an organizing system, located in the medulla 
oblongata, corresponding to the interneuronal 
network that programs the motor pattern  [  1,   3, 
  13  ] . In fact, the concept of a swallowing center 
implies the idea of an anatomical localization, 
whereas that of a CPG is based on a more func-
tional principle focusing on the activity of the 
various pools of neurons, i.e., motoneurons and 
interneurons, involved in the motor activity.  

   What Is Currently Known 

   Localization and Firing of Brainstem 
Swallowing Neurons: The Swallowing 
Pattern Generator 

 It was on the basis of microelectrode recordings 
that the swallowing-related neurons were 
identi fi ed, providing a general picture of the orga-
nization and functional principles of the swallow-
ing CPG  [  7,   14–  18  ] . In addition, lesion 
experiments, electrical brain stimulations, in situ 
microinjections of putative transmitters, anatomi-
cal tract tracing techniques, and more recently 
identi fi cation of c-fos expression in neurons have 
generally yielded fairly concordant results as 
regards the swallowing CPG  [  18–  25  ] . 

 Swallowing-related neurons are either (1) nor-
mally silent phasic neurons which present a burst 
of spikes, called “swallowing activity,” occurring 
in a constant temporal relationship with the swal-
lowing motor activity, or (2) spontaneously active 
neurons which exhibit a transient increase in their 
discharge frequency, or a phasic inhibition of 
their spontaneous discharge during swallowing 
 [  3,   7,   18  ] . Neurons have been classi fi ed into two 
main categories (Fig.  6.1b ): oropha   ryngeal neu-
rons, which  fi re before or during the oropharyn-
geal phase of swallowing, and esophageal 
neurons, which discharge during the esophageal 
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  Fig. 6.1    Motor and neuronal swallowing patterns. (1a) 
typical swallowing sequence induced by electrical stimu-
lation of the superior laryngeal nerve (SLN) with electro-
myographic (EMG) recordings, in sheep, from mylohyoid 
(1), upper (2) and lower (3) cervical esophagus and tho-
racic esophagus (4). (1b) sequential  fi ring of several swal-
lowing neurons recorded in the dorsal medulla (DSG) 
during swallowing induced by SLN stimulation. EMG: 
activity of the mylohyoid muscle, indicative of the onset of 
swallowing. In b1 and b2, are shown the  fi ring patterns (1, 
2, 3, 4) of different esophageal (b1) or oropharyngeal (b2) 
neurons. Note, in both cases, the  fi ring in sequence with a 
more or less overlap between the neuronal activities, the 
differences in discharge duration between esophageal and 
oropharyngeal neurons, the lower discharge frequency for 

the esophageal neurons and the preswallowing activity in 
some oropharyngeal neurons (1 and 2 in b2). From Jean 
et al.; A. Jean. J Physiol Paris 1972a;64:227–68; A. Jean. 
Physiol Rev 2001;81:929–69 with permission. (2) sche-
matic representation of both electromyographic ( red tri-
angles ) and different neuronal discharges when swallowing 
is initiated by SLN stimulation, in physiological condi-
tions (anesthetized animal in a) and after motor paralysis 
induced by curare injection (b). Note that during  fi ctive 
swallowing the sequential activity of medullary swallow-
ing neurons is still recorded, demonstrating the central 
nature of the burst  fi ring. From A. Jean. J Physiol Paris 
1972a;64:227–68; J.P. Kessler and A. Jean. Exp Brain Res 
1985;57:256–63 with permission       
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  Fig. 6.2    The swallowing central pattern generator (CPG). 
The CPG is formed by two main groups of neurons (in 
 blue ) localized in the medulla: a DSG located within the 
nucleus tractus solitarii (NTS) and the adjacent reticular 
formation and a VSG located in the ventrolateral medulla 
adjacent to the nucleus ambiguus (nA). The DSG contains 
the swallowing generator neurons involved in triggering, 
shaping, and timing the swallowing motor pattern. The 
VSG contains switching neurons, driven by DSG neurons, 
which distribute the swallowing drive to the various pools 
of motoneurons and preganglionic neurons (in  red ) involved 
in swallowing. The CPG may be activated either by periph-
eral afferent inputs, such as those conducted within the supe-
rior laryngeal nerve, or supramedullary inputs, such as those 

coming from the cerebral cortex in the case of a voluntary 
swallow. In the case of smooth muscle esophagus, the central 
drive projects on intramural neurons ( yellow ). (1) a sagittal 
schematic representation with the main connections to date 
identi fi ed between the central neurons. (2) represents, on 
brainstem coronal sections, the rostro-caudal localization of 
the central pools of neurons (motoneurons and interneurons) 
involved in swallowing. (V: trigeminal motor nucleus, VII: 
facial nucleus, X: dorsal motor nucleus of the vagus nerve, 
XII: hypoglossal nucleus, nA: nucleus ambiguus). From 
Jean et al.; A. Jean. Physiol Rev 2001;81:929–69; 
A. Jean and M. Dallaporta. Electrophysiological character-
ization of the swallowing pattern generator: role of brain-
stem. GI Motility Online; 2006 with permission       
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peristalsis  [  3,   7  ] . In addition, brainstem swallow-
ing neurons can be subdivided into motoneurons 
or preganglionic neurons, which provide innerva-
tion to the striated muscles or the esophageal 
smooth muscle, respectively, and interneurons 
forming the organizing system of the network 
that generates the sequential or rhythmic pattern 
of swallowing.  

   Motoneurons and Preganglionic Neurons 
 Swallowing motoneurons and preganglionic neu-
rons are localized within the trigeminal (V), facial 
(VII), and hypoglossal (XII) motor nuclei, the 
nucleus ambiguus (IX, X), and the dorsal motor 
nucleus (DMX) of the vagus (X) and at the cervi-
cal spinal level between C1 and C3 (Fig.  6.2 )  [  1, 
  3,   5,   13,   26  ] . It is noteworthy, however, that the 
main motor nuclei involved in the motor activity 
are the XII motor nucleus and the nucleus ambig-
uus. Indeed, most, if not all, of the motoneurons 
within these nuclei participate in swallowing  [  1, 
  3,   5  ] . As regards the innervation of the smooth 
muscle esophagus, the majority of the pregangli-
onic neurons are located within the X DMX. 
They consist of two separate groups, one located 
in the rostral part of the DMX and the other in its 
caudal portion, providing, respectively, excitatory 
and inhibitory inputs to the esophageal smooth 
muscle and lower esophageal sphincter  [  27,   28  ] .  

 Electrophysiological studies have shown that 
the later the neuron becomes active during swal-
lowing, the longer it will  fi re and the lower its 
discharge frequency will be  [  7,   16  ] . Interestingly, 
intracellular recordings have shown that esopha-
geal motoneurons, in the nucleus ambiguus, also 
receive, in addition to an excitatory drive, inhibi-
tory inputs during swallowing  [  29  ] . Results also 
show that a central drive does exist for the smooth 
muscle esophagus and that in these species both 
the excitatory and inhibitory vagal pathways are 
involved in swallowing  [  4,   30–  32  ] .  

   Interneurons 
 Extensive microelectrode recordings,  fi rst per-
formed on sheep  [  7,   14,   16,   17,   33  ]  and subse-
quently on other species such as rat and cat  [  18, 
  34,   35  ] , have shown that the swallowing neurons 
are located in two main brainstem areas (Fig.  6.2 ): 

(1) in the dorsal medulla within the nucleus trac-
tus solitarii (NTS) and in the adjacent reticular 
formation, where they form the dorsal swallow-
ing group (DSG) and (2) in the ventrolateral 
medulla, just above the nucleus ambiguus, where 
they form the ventral swallowing group (VSG). 

 Within the NTS, oropharyngeal and esopha-
geal neurons exhibit a typical sequential  fi ring 
pattern which parallels the sequential motor pat-
tern of deglutition  [  7,   13,   16  ] . Since these neu-
rons are still active during  fi ctive swallowing 
elicited in paralyzed animals, their bursting dis-
charge cannot be due to peripheral afferent inputs 
generated by the muscular contraction, and actu-
ally corresponds to a central swallowing activity 
(Fig.  6.1 -2)  [  7,   18,   36  ] . Therefore, NTS swallow-
ing neurons are premotor neurons of the network 
that generates swallowing. It should be noted, 
however, that, to date, no central recordings have 
been performed on esophageal interneurons in 
species with a smooth muscle esophagus. 

 Interestingly, some oropharyngeal neurons 
exhibit a particular pattern of  fi ring, starting long 
before the onset of the motor sequence 
(Fig.  6.1 -1b). This continuous discharge, called 
“preswallowing activity,” decreases and stops 
quite rapidly when no swallowing occurs, but 
continues and increases, turning into a bursting 
swallowing activity, when swallowing is initiated. 
This pattern of discharge suggests that these neu-
rons are involved in the initiation of swallowing, 
and it has been postulated that they may constitute 
the trigger neurons in deglutition  [  3,   7,   37  ] . 

 As regards the location of DSG neurons, it has 
emerged that the oropharyngeal neurons are situ-
ated rostro-caudally at the level of the intermedi-
ate-subpostremal portion of the NTS, within the 
medial part of the lateral NTS which overlaps the 
interstitial, intermediate, ventral, and to some 
extent, the ventrolateral subdivisions of the 
nucleus  [  3,   18,   19,   24,   25  ] . Interestingly, anatom-
ical results have shown that both laryngeal and 
pharyngeal afferent  fi bers project mainly to the 
interstitial and intermediate subdivisions of the 
NTS in all the species studied  [  38,   39  ] . Moreover, 
recent experiments, using immunohistochemistry 
of the immediate early gene c-fos which reveals 
neurons activated during the motor sequence, 
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also showed that these two subnuclei are mainly 
concerned with the oropharyngeal phase of swal-
lowing  [  24,   25  ] . The DSG esophageal neurons 
are also situated at the level of the intermediate-
subpostremal part of the NTS, between the trac-
tus solitarius and the DMX, a region which 
probably corresponds to the centralis subdivision 
of the NTS in the rat  [  7,   20  ] . It is noteworthy that 
anatomical studies have shown that the esopha-
geal afferent  fi bers end within this speci fi c NTS 
subdivision, and that the subnucleus centralis is 
the main NTS subnucleus concerned with the 
esophageal phase of swallowing  [  24,   25  ] . 

 In the ventrolateral medulla above the nucleus 
ambiguus, there is also a large population of 
oropharyngeal swallowing interneurons, forming 
the VSG  [  7,   13,   18,   40–  42  ] . The burst  fi ring behav-
ior of the VSG neurons is very similar to that of the 
DSG neurons both in terms of sequential  fi ring 
pattern and of discharge duration and frequency 
 [  7,   18  ] . VSG neurons are still active during  fi ctive 
swallowing and, like DSG neurons, they belong to 
the neuronal network that generates swallowing. 
The existence of a large population of esophageal 
interneurons in the ventrolateral medulla is less 
clear. Bursting discharges in phase with esophageal 
peristalsis have been recorded in the medullary 
region above the nucleus ambiguous  [  16  ] . However, 
without any intracellular evidence, it is there-
fore not possible to clearly distinguish between 
motoneurons and actual interneurons  [  3,   16  ] .   

   Connections Between Brainstem 
Groups of Swallowing Neurons 

 Although the detailed connections between 
functionally identi fi ed neurons within the CPG 
still remain to be mapped, results of electrophysi-
ological and anatomical experiments have pro-
vided some information about the connections 
between the various groups of swallowing neurons 
 [  14,   15,   43,   44  ] . 

 In addition to the swallowing burst, the swal-
lowing-related neurons can exhibit, by stimulating 
the afferent  fi bers in the ipsilateral SLN or the 
vagus nerve, a short-latency synaptic response, in 
the form of a single spike. The latency of the syn-

aptic response is variable, and clearly longer for 
swallowing neurons in the VSG (7–12 ms) than for 
those of the DSG (1–4 ms)  [  7,   18,   34,   36,   37  ] . 
Interestingly, the synaptic response initiated in 
swallowing neurons by stimulating a speci fi c corti-
cal area which induces swallowing is also shorter 
in the DSG (5–8 ms) than in the VSG neurons 
(10–16 ms)  [  17  ] . These results suggest that the 
neurons of the VSG are probably activated via neu-
rons of the DSG. Indeed, regardless of the stimu-
lated afferent pathway, the synaptic response of the 
VSG neurons is abolished after lesion of the DSG 
 [  13,   17  ] . Although no direct evidence is available, 
at the single cell level, that a connection of this kind 
exists between the DSG and VSG, several anatomi-
cal experiments have shown connections between 
the NTS region and the ventrolateral reticular for-
mation surrounding the nucleus ambiguus, where 
swallowing neurons are located  [  3,   19,   20  ] . 

 Electrophysiological experiments have shown 
that only oropharyngeal neurons within the brain-
stem VSG are connected to swallowing motoneu-
rons in the V or XII motor nuclei  [  14,   15  ] . In 
addition, it has been established that, within the 
VSG, the same identi fi ed oropharyngeal neuron 
can project to several motor nuclei involved in 
swallowing  [  43,   45  ] . These electrophysiological 
data  fi t in well with those coming from anatomi-
cal studies, showing that the ventrolateral medul-
lary region, which contains oropharyngeal 
neurons, is connected to the homologous contral-
ateral medullary region and to V, VII, X, and XII 
motor nuclei, all of which are also involved in 
swallowing  [  44,   46  ] . Taken together, these data 
support the existence, within the swallowing net-
work, of a trisynaptic circuit linking together the 
afferent  fi bers, the oropharyngeal neurons in the 
DSG, the VSG, and the motor nuclei (Fig.  6.2 -1) 
 [  3  ] . Interestingly, it has been shown that the excit-
atory amino acids and their receptors are strongly 
involved at each synapse of this circuit  [  21,   23, 
  47,   48  ] . Nitrinergic transmission also has been 
shown to facilitate this circuitry  [  49  ] . 

 As regards the esophageal neurons, neuroana-
tomical studies have shown that NTS neurons, 
located in the subnucleus centralis, send axon ter-
minals in the rostral compact formation of the 
nucleus ambiguous where esophageal motoneurons 
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are situated  [  20,   50  ] . A connection between the 
NTS subnucleus centralis and the DMX has also 
been shown to exist  [  51  ] . Glutamatergic and soma-
tostatinergic transmission may be involved in this 
connection  [  21,   47,   48,   52,   53  ] . The NTS subnu-
cleus centralis contains also nitrinergic and cate-
cholaminergic neurons, which may be involved in 
the control of preganglionic vagal neurons  [  54–  57  ] . 

 During swallowing, the oropharyngeal and 
esophageal circuits are functionally linked in 
order to shape the entire motor sequence. There 
is no direct evidence available so far about con-
nections between identi fi ed swallowing neurons 
belonging to the oropharyngeal and esophageal 
circuits. However, anatomical data, obtained with 
tract tracing techniques, show that such connec-
tions may exist between neurons located in the 
interstitial and centralis subnuclei of the NTS, 
where oropharyngeal and esophageal DSG neu-
rons are located, respectively  [  50  ] . Interestingly, 
pharmacological experiments suggest that 
GABAergic and cholinergic transmission may be 
involved in the coupling of oropharyngeal and 
esophageal phases of swallowing  [  58–  60  ] . NTS 
GABA-ergic neurons are also involved in the 
inhibition of swallowing following orofacial 
noxious stimulation  [  61  ] .  

   Function of the Various Interneuronal 
Groups in the CPG 

 It has been established in several networks involved 
in fundamental motor behavior that, within a given 
CPG, all the neurons are not equal since some of 
them play a preeminent role  [  3,   62  ] . As regards 
swallowing, data already obtained suggest that 
neurons in the DSG are likely candidates to act as 
generator neurons in the initiation and organization 
of the sequential or rhythmic motor pattern  [  3,   4, 
  13,   63  ] . The swallowing network in mammals 
therefore provides a unique example of neurons 
located within a primary sensory relay, i.e., the 
NTS, which nevertheless play the role of generator 
neurons. Several lines of evidence support the 
“major” role of NTS neurons in swallowing  [  7, 
  18  ] : (1) NTS neurons exhibit a sequential or rhyth-
mic  fi ring pattern which parallels the motor pattern 

 [  7,   18  ] , (2) their  fi ring remains unaltered after com-
plete motor paralysis showing that it is an actual 
premotor activity centrally generated  [  7,   18,   36  ] , 
(3) most, if not all, of the neurons, having a pre-
swallowing activity, are located within the NTS, 
(4) both electrical and chemical stimulations of the 
brainstem show that the active points that trigger 
deglutition are situated only in the region of the 
solitary complex  [  8,   18,   21,   23,   48  ] , (5) electrolytic 
lesion of the NTS results in the abolition, not only 
of the swallowing elicited by SLN stimulation, but 
also of that elicited by stimulating the swallowing 
cortical area  [  17  ] , (6)  fi ne lesions performed on 
sheep in the NTS region, which contains esopha-
geal motility-controlling neurons, abolished the 
esophageal phase of swallowing without affecting 
the oropharyngeal phase, which indicates that some 
of the neurons actually involved in the generation 
of esophageal motility had been destroyed within 
the NTS  [  22  ] . Moreover, recent data, obtained with 
c-fos immunohistochemistry, con fi rm the prime 
role of NTS neurons in both the oropharyngeal and 
esophageal phases of swallowing  [  24,   25  ] . 

 As regards the swallowing neurons in the ven-
trolateral medulla, the results available are con-
sistent with the view that during swallowing, 
these neurons are driven by NTS neurons. As 
neurons of the VSG are connected to motoneu-
rons, one of their functions probably consists in 
activating the motoneuronal pools during swal-
lowing. The existence of neurons with collaterals 
to several pools of motoneurons also suggests 
that they may also participate in the coordination 
of the motoneuronal pools during swallowing 
 [  43–  45  ] . Within the swallowing CPG, the ventral 
swallowing neurons act therefore very likely as 
switching neurons that distribute and coordinate 
the sequential or rhythmic drive generated in the 
dorsal group to the various pools of motoneurons 
involved in swallowing  [  13  ] .  

   Adaptation of the Neuronal Swallowing 
Firing by Sensory Inputs 

 Although the swallowing motor sequence is cen-
trally organized, it may change as a result of periph-
eral afferent information  [  64  ] . Direct  evidence that 
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sensory feedback intervenes during swallowing 
has also been provided by afferent nerve record-
ings, suggesting that continuous sensory feedback 
may in fl uence the neurons of the CPG and thus 
modulate the central program  [  65–  67  ] . Data 
obtained on swallowing neurons have shown that 
applying continuous stimulation to peripheral 
receptors by means of an in fl ated balloon can either 
induce a permanent activity in the neurons that are 

active during swallowing, or modify the bursting 
activity occurring during swallowing  [  7  ] . To be 
ef fi cient, the distention must be performed more 
and more distally as the neuronal discharge occurs 
later and later during swallowing. Results showed 
that the burst  fi ring activity of the neuron increases 
both in duration and frequency (Fig.  6.3 -1);  [  3,   64  ] . 
The activation of peripheral receptors during 
swallowing  therefore results in a decrease in the 

  Fig. 6.3    Modulation of the motor and neuronal swallow-
ing patterns. Although centrally generated, the swallow-
ing motor sequence and the sequential  fi ring of neurons 
may be adapted depending on peripheral afferent inputs 
and the activation of central inhibitory connections. (1) 
schematic representation of electromyographic ( red tri-
angles ) and neuronal discharges during swallowing initi-
ated by SLN stimulation, with (b) or without (a) the 
presence of a bolus within the swallowing tract. The pres-
ence of a swallowed bolus induced sensory feedback exci-
tation, resulting in an increase of the EMG activity and the 
neuronal  fi ring, both in frequency and duration, and a 
decrease in the velocity of the peristalsis .  From A. Jean. J 

Physiol Paris 1972a;64:227–68; A. Jean. J Autonom Nerv 
Syst 1984;10:225–33 with permission. (2) schematic rep-
resentation of rhythmic swallowing patterns, induced by 
repetitive stimulation of the superior laryngeal nerve 
(SLN). In these conditions, note that the sequential EMG 
or neuronal  fi ring is interrupted when a new swallow is 
initiated and that only the last swallow of the series is 
complete, revealing the typical rostro-caudal inhibition 
during swallowing (deglutitive inhibition) which involves 
central inhibitory connections within the CPG .  From 
A. Jean. J Physiol Paris 1972a;64:227–68; A. Jean. 
J Autonom Nerv Syst 1984;10:225–33; A. Jean. Physiol 
Rev 2001;81:929–69 with permission       

 



756 Brainstem Control of Deglutition: Swallowing Pattern Generator

velocity of the peristalsis, which makes the 
duration of the whole sequence longer, and the 
muscular contraction more powerful. Sensory 
feedback can therefore be assumed to modify the 
central program, by adjusting the motor outputs 
depending on the contents of the tract  [  64  ] .  

 In addition to the excitatory phenomena, the sen-
sory inputs can also trigger inhibitory effects via 
central connections. The occurrence of these inhibi-
tory phenomena has been fully con fi rmed by micro-
electrode recordings showing that all esophageal 
neurons are strongly inhibited during the oropha-
ryngeal stage of swallowing, so-called deglutitive 
inhibition, or during a pharyngeal distention which 
stimulated the peripheral receptors  [  7,   64,   68  ] . In 
addition, the activity of the esophageal neurons 
which  fi re during the contraction of the lower 
esophagus is also inhibited during an esophageal 
distention which stimulates receptors of the upper 
esophagus. The strength of the inhibition is variable 
depending on the size of the in fl ated balloon (degree 
of esophageal distension)  [  64  ] . These data indicate 
that the swallowing neurons controlling the distal 
regions of the swallowing tract are inhibited when 
neurons controlling the more proximal regions are 
excited. They support the idea that there may exist a 
rostro-caudal inhibition within the swallowing net-
work, as suggested by the blockade of the esopha-
geal peristalsis which occurs during rhythmic 
swallowing (Fig.  6.3 -2);  [  3  ] . 

 In addition to swallowing, recent data also show 
that sensory inputs from various oropharyngeal 
and esophageal receptors can mediate different 
types of re fl exes, particularly in the esophagus, as 
well as motor activities such as belching, emesis, 
nausea, etc., demonstrating the role of sensory 
inputs not only on the central programming but 
also as potential therapeutic targets  [  69,   70  ] .   

   Areas of Possible Future Research 

   What Are the Neural Mechanisms 
of Pattern Generation? (Network 
and Cellular Properties) 

 The central mechanisms that generate the bursting 
activity of swallowing neurons and their sequen-
tial or rhythmic  fi ring behavior are still unknown. 

All the results already obtained indicate, however, 
that, among the various groups of swallowing 
neurons, local mechanisms within the DSG, 
involving the connectivity and the synaptic inter-
actions between NTS neurons, and their intrinsic 
properties, play a key role in pattern generation 
 [  3,   62,   71  ] . 

 As regards the network organization, the swal-
lowing CPG can be viewed as a linear-like chain 
of neurons based on the rostro-caudal anatomy of 
the swallowing tract. Since neurons of the NTS 
 fi re sequentially during swallowing, each neuron 
or group of neurons in this chain may control, 
through excitatory and inhibitory connections, 
more and more distal regions of the esophagus, 
and be responsible for the successive  fi ring 
behavior via increasingly numerous polysynaptic 
connections (Fig.  6.4 -1)  [  3,   64  ] . Several data sug-
gest the inhibitory mechanisms may not only be 
responsible for delaying the onset of neuronal 
 fi ring, but they may also contribute directly to the 
sequential excitation of the neurons via mecha-
nisms such as disinhibition or post-inhibitory 
rebounds  [  3,   7  ] . Interestingly, disinhibition has 
been shown to exist within the swallowing net-
work since blockade of GABA inhibitory trans-
mission resulted in rhythmic oropharyngeal or 
esophageal motor events  [  60,   72–  74  ] .  

 Most of the data on the intrinsic properties of 
neurons liable to be involved in swallowing 
have been obtained in studies on brainstem 
slices and the link between the endogenous 
properties of neurons studied under these in vitro 
conditions and their possible role in swallowing 
pattern generation is far from being elucidated. 
Interestingly, within the peri-interstitial region 
of the NTS where swallowing-related neurons 
are situated, NTS neurons were found to have 
several endogenous properties, some of which 
seem to be relevant to swallowing pattern gen-
eration, such as delayed excitation, post-inhibitory 
rebound, and conditional pacemaker-like prop-
erties  [  75–  77  ] . 

 To further elucidate the intrinsic mechanisms 
underlying swallowing pattern generation, it will 
be useful to perform studies on other experimen-
tal models such as the isolated brainstem and the 
working heart–brainstem preparations or to initiate 
computational approaches and modeling natural 
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processes with arti fi cial networks  [  78  ] . It will also 
be necessary to identify at the cellular level the 
action of neurotransmitters and neuromodulators 

and the types of receptors involved. This would 
provide valuable information about the possible 
sites of action for therapeutic agents.  
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  Fig. 6.4    Possible mechanisms of central pattern genera-
tion (1) the swallowing network can be viewed as a chain 
of neurons with excitatory ( green lines and triangles ) and 
inhibitory ( red lines and dots ) connections, and sensory 
feedback ( broken lines ). The excitatory inputs are less 
powerful along the chain, in contrast to the inhibitory 
in fl uences, resulting in long periods of inhibition of neu-
rons controlling more distal parts of the tract. (2) the CPG 
may be subdivided into an oropharyngeal and an esopha-
geal networks. The esophageal net is  fi rst inhibited by the 
oropharyngeal net ( red dot ). This primary inhibition is 
followed by an excitatory action ( green triangle ), render-

ing possible the successive activation of esophageal neu-
rons .  From A. Jean and M. Dallaporta. Electrophysiological 
characterization of the swallowing pattern generator: role 
of brainstem. GI Motility Online; 2006 with permission. 
(3) when initiated ( yellow arrow ) at the beginning 
(oropharyngeal phase followed by an esophageal phase, 
i.e., primary peristalsis) the sequence can be generated 
without sensory feedback (a,  broken lines ). However, 
when initiated along the neuronal chain (i.e., secondary 
peristalsis), in general the sequence aborts without sen-
sory feedback (b,  broken lines ) whereas it can progress 
with sensory feedback (c,  black lines )       
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   Is There One Central Pattern Generator 
or Two Subnetworks for the 
Oropharyngeal and the Esophageal 
Phases of Swallowing? 

 Although swallowing is considered as a single 
patterned motor sequence, results indicate that 
unlike the all or none oropharyngeal sequence, 
the esophageal phase may show some lability 
suggesting that the central program controlling 
this phase may be less robust than that responsi-
ble for the oropharyngeal phase  [  2,   3,   9,   24,   79  ] . 
This difference is most striking in the case of 
secondary peristalsis of the esophagus, since 
peripheral afferent feedback has been shown to 
be essential for the propagation of the peristaltic 
wave  [  3,   9,   24,   79,   80  ] . These data suggest that 
the swallowing CPG can be subdivided into two 
subnetworks, an oropharyngeal and an esophageal 
net of neurons, each mediating the patterning of 
the respective phase of deglutition (Fig.  6.4 -2). 
But they also suggest that the esophageal net is 
likely to have less robust central mechanisms 
and be more dependent on afferent inputs. This 
is puzzling from the patterning point of view. 
Indeed, the sole difference between primary and 
secondary peristalsis is that the latter lacks an 
oropharyngeal phase, and consequently is not 
accompanied by any oropharyngeal network activ-
ity. Therefore, the oropharyngeal net may serve 
as an intrinsic modulatory system, a mechanism 
which seems to play an important role in several 
CPGs  [  4,   81  ] . When the oropharyngeal net is 
activated, the esophageal net can program the 
peristaltic wave, whereas when it is inactive, as in 
the case of secondary peristalsis, the program 
requires peripheral in fl uences (Fig.  6.4 -2, 6.4-3). 
It may be supposed that the strong inhibition gen-
erated during the oropharyngeal stage of swallow-
ing may be followed by a delayed excitation of the 
esophageal network, resulting in the sequential 
discharge of the neurons. Field potential record-
ings support such a hypothesis, since they show 
that the strong inhibition of esophageal neurons 
during the oropharyngeal phase is followed by a 
wave of excitation  [  3  ] . Interestingly, pharmaco-
logical data suggest that, within the DSG, GABA 
and acetylcholine might be involved in the fast 
inhibitory and the delayed excitatory actions, 

respectively  [  3,   58–  60  ] . Whatever the case, the 
linking between the oropharyngeal and esophageal 
phases of swallowing needs further studies. In 
addition, an important question which remains to 
be answered is whether the central nervous system 
of the species with a smooth muscle esophagus 
may include a network of neurons which is similar 
to that of the species with a striated esophagus, and 
if so, how this network functions. This issue is of 
particular relevance to our better understanding 
of the human esophagus the distal two-thirds of 
which is composed of smooth muscle.  

   What Is the Nature of the Swallowing 
CPG: Fixed or Flexible? 

 Swallowing, in particular its oropharyngeal stage, 
is a stereotyped motor behavior and the swallow-
ing CPG has been classically viewed as a dedi-
cated circuit, i.e., as a speci fi c network of neurons 
which is hardwired so as to produce a sequence of 
excitation and inhibition which is always the same 
(Fig.  6.5 -1)  [  1,   3,   5  ] . However, this view is now 
challenged in the light of numerous data obtained 
mainly on the central nervous system of inverte-
brates  [  82,   83  ] . In addition to being a classical 
dedicated network, most of the CPGs seem in fact 
to be either reorganizing or distributed circuits, 
and a single neural circuit can combine features 
typical of each of these different architectures, 
resulting in considerable functional plasticity. This 
is a particularly relevant point in the case of the 
swallowing CPG. The swallowing CPG is not an 
automatic, continuously functioning CPG, and the 
question arises as to whether the swallowing neu-
rons are completely inactive when no swallowing 
occurs, or whether these neurons may have other 
functions. In invertebrates, it has been observed 
that swallowing depends on a pattern generator 
which is temporarily formed, preparatory to the 
production of the motor activity  [  84  ] . That is to 
say that when a given stimulus is delivered, a pool 
of appropriate neurons is activated and forms the 
swallowing CPG, whereas when no swallowing 
activity is required, these neurons are involved in 
other tasks (Fig.  6.5 -2, 6.5-3).  

 Although there is no direct evidence in mam-
mals that the swallowing CPG is  fl exible, recent 
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results have shown that, within the network, some 
neurons may participate in activities other than 
swallowing-related ones. It has been established 
that not only motoneurons but also interneurons 
can be involved in at least two different tasks, such 
as swallowing and respiration, swallowing and 
mastication, or swallowing and vocalization  [  36, 
  40–  42,   45,   85,   86  ] . It can therefore be postulated 
that at least some of the components of the swal-
lowing network are not dedicated to swallowing 
alone, but can also serve some purpose in other 
central networks or that, like in invertebrates, the 
swallowing CPG is formed temporarily  [  4  ] . In 
addition to neuroplasticity of supramedullary 
regions involved in swallowing, such as the cere-
bral cortex  [  87  ] , the existence of some degree of 
plasticity within the CPG provides interesting 
capabilities in the whole swallowing circuitry for 
ability after injury and rehabilitation capabilities. 

 It seems likely, for future prospects, that by focus-
ing research on populations of neurons with multiple 
recordings, with electrophysiological and/or optical 
methods, rather than single neuron recordings and 

by using brain imaging techniques, it will be pos-
sible to gain new insights into how the neurons of 
the mammalian CPGs can subserve multiple func-
tions  [  88  ] . In addition, although swallowing is a vital 
function, some data have suggested that its underly-
ing mechanisms may be not  fi xed at birth. Therefore, 
studies on the post-natal development of brainstem 
control of swallowing would be of particular interest 
to identify how the central nervous system operates 
to establish mature networks devoted to funda-
mental activities in the adult brain  [  89–  91  ] .  

   What Are the Mechanisms 
of Synchronization Between 
the Two Swallowing Hemi-CPGs? 

 It is noteworthy that the swallowing CPG consists 
of two hemi-CPGs, each located on one side of the 
medulla, which have to be tightly synchronized to 
organize the coordinated contraction of the bilat-
eral muscles of the oropharyngeal region and of 
the esophagus  [  1,   3,   22,   92  ] . Microelectrode 

  Fig. 6.5    Nature of the swallowing CPG (1) the swallow-
ing CPG (Sw CPG) may be a dedicated circuit with 
neurons subserving only this function. The Sw CPG has 
connections with other CPGs (brainstem CPG 1, 2,…), 
such as those involved in respiration, mastication, etc.…, 
to ensure functional interactions under physiological con-
ditions. (2) the swallowing CPG may be a reorganizing 
circuit consisting of pools of  fl exible neurons, i.e., neurons 
which can function in several CPGs involved in the 

organization of various kinds of motor behaviors. 
(3) alternatively, it is possible that the Sw CPG may be 
formed temporarily by neurons belonging previously to 
other CPGs. Following swallowing input, these neurons 
contribute to the newly formed swallowing CPG .  From 
A. Jean and M. Dallaporta. Electrophysiological char-
acterization of the swallowing pattern generator: role of 
brainstem. GI Motility Online; 2006 with permission       
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recordings have shown that in each case, a par-
ticular swallowing neuron produces a swallowing 
bursting discharge in response to stimulation of 
the ipsilateral as well as to that of the contralat-
eral afferent  fi bers, regardless of the type of swal-
lowing neuron tested. This indicates that at each 
step of the network operation, the entire popula-
tion of neurons within the DSG, the VSG, or the 
motoneuronal pools is active. 

 However, the mechanisms underlying the syn-
chronization of the two hemi-CPGs are not known, 
and this matter has not been well documented yet. 
It is likely that the peripheral afferent  fi bers do not 
play a crucial role, since lesion experiments have 
shown that splitting the medulla caudal to the 
obex, which interrupts the vagal afferent  fi bers 
crossing the midline through the solitary tract, 

does not affect swallowing  [  1,   92  ] . In addition, 
electrophysiological data show that the swallow-
ing neurons receive a direct input (synaptic 
response) only via the ipsilateral afferent  fi bers. 

 Connections between central neurons, situated 
on each side of the brainstem, probably play a 
key role in the coordination of the two hemi-
CPGs. Anatomical connections mediated by 
 fi bers crossing the midline have been found to 
exist between the two medullary regions where 
swallowing neurons are located, i.e., the DSG 
and VSG  [  44  ] . Interestingly, the results of unilat-
eral lesion experiments performed on the NTS 
esophageal neuronal population have shown that 
upon stimulating the ipsilateral SLN, only an 
oropharyngeal stage of swallowing is elicited, 
whereas upon stimulating the contralateral nerve, 

  Fig. 6.6    Possible mechanisms of synchronization between 
the two hemi-CPGs. Although hypothetical, the mecha-
nisms of synchronization are suggested by stimulating 
and lesions experiments. By contrast to physiological 
conditions, in experimental conditions, swallowing is 
generally initiated by stimulating only one SLN ( yellow 
arrow ) inducing a typical motor sequence bilaterally (1). 
Under the same experimental paradigm, when central 
lesions have been performed within the esophageal net-
work in the ipsilateral CPG ( yellow cross ), it was surpris-
ing to observe that the motor sequence is blocked 

bilaterally (2), whereas the contralateral CPG is not 
lesioned and can initiate a complete swallowing sequence 
when activated by contralateral inputs (not represented). 
Therefore, it is suggested that, when swallowing is ipsi-
laterally initiated, it is within the ipsilateral CPG that 
the sequence is organized and generated, and that the 
synchronization between the two hemi-CPGs depends on 
ipsilateral inputs transferred “step by step” to the contral-
ateral CPG which cannot organize and secure the sequence 
without these inputs (3). From A. Jean. J Physiol Paris 
1972b;64:507–16 with permission       
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a complete process of deglutition including the 
esophageal stage is initiated, indicating that swal-
lowing NTS neurons play a crucial role in these 
synchronization processes  [  22  ] . These results 
suggest, in addition, that under ipsilateral stimu-
lation conditions, the swallowing motor sequence 
is mainly generated in the ipsilateral hemi-CPG 
and that this CPG transfers the swallowing pre-
motor signal to the contralateral CPG (Fig.  6.6 ) 
 [  7,   22,   37  ] . This may account in part for clinical 
observations in the context of dysphagia resulting 
from brain stem stroke in humans. For example, 
despite the existence of bilateral CPGs, patients 
suffering unilateral lateral medullary infarction 
(e.g., Wallenberg’s syndrome) experience a mark-
edly deranged or absent pharyngeal swallow 
 [  93–  96  ] . Whatever the case, further experiments 
including selective lesion studies and tracing 
studies in animals are required to identify the 
pathways connecting left and right medullary 
CPG, respectively, and to elucidate the mecha-
nisms underlying the synchronization of the two 
hemi-CPGs which is essential for the coordination 
of the muscular contraction, in order to better 
understand the functional consequences of stroke.   

   What About the Supramedullary 
In fl uences on Brainstem Swallowing 
Neurons? 

 The fact that an individual can swallow volun-
tarily shows that the medullary swallowing net-
work can be activated by inputs from the cerebral 
cortex  [  1,   5,   17,   94,   97,   98  ] . In addition, several 
clinical reports have indicated that various corti-
cal dysfunctions may result in dysphagia, swal-
lowing impairments, or affect esophageal 
peristalsis  [  93–  95  ] . These observations point out 
the involvement of supramedullary in fl uences, 
since the peripheral afferent pathway and the 
CPG, which is localized in the caudal brainstem, 
seem to remain unaltered in these patients. 
Moreover, the numerous results obtained with 
classical stimulation experiments and new 
approaches such as cortical evoked potentials, 
transcranial magnetic stimulations, magneto-
encephalographic recordings, and functional brain 

imaging techniques, performed in animals and 
humans, show that several supramedullary struc-
tures may be responsible for various effects on 
swallowing, such as initiating the motor activity, 
or modulating the swallowing re fl ex  [  98–  105  ] . 
However, most of the data available are dif fi cult to 
interpret, since it is generally not a “pure” swal-
lowing motor activity which is observed under 
these conditions, but more complex feeding behav-
iors, i.e., mastication and swallowing, or lapping, 
mastication and swallowing, or licking and swal-
lowing, etc. In addition, it is dif fi cult to identify 
among these effects those which are due to the 
afferent feedback and to distinguish between cen-
trally organized movements and motor activities 
involving feedback phenomena. 

 In fact, very few studies have dealt with these 
central in fl uences on the neurons of the CPG. As 
far as the supramedullary in fl uences on swallowing 
and their action on brainstem neurons are con-
cerned, all the results available so far have been 
obtained in studies on the cortical in fl uences on 
swallowing  [  106  ] . Results indicate that most of 
the oropharyngeal neurons in the DSG were cor-
tically activated with a shorter latency than those 
in the VSG which responded in smaller numbers 
 [  17  ] . Only the esophageal neurons in the DSG 
that  fi red during the contraction of the upper 
esophagus also responded to cortical stimulation 
 [  3,   17  ] . None of the esophageal neurons in the 
DSG,  fi ring later during the contraction of the 
lower esophagus, or the esophageal neurons in 
the VSG were activated by cortical stimulation. 
Although a direct pathway from the cortex to 
motoneuronal pools involved in swallowing has 
been mapped, using tracing techniques, these 
results indicate that the cortical input to identi fi ed 
swallowing neurons mainly focuses on swallow-
ing neurons in the DSG. The DSG neurons there-
fore receive convergent information from both 
cortical and peripheral inputs that trigger swal-
lowing  [  3,   17  ] . Since only oropharyngeal and a few 
esophageal neurons respond to cortical stimula-
tion, the cortical swallowing area may serve mainly 
to trigger deglutition and control the beginning of 
the motor sequence, after which the sequence 
might be carried out without any further cortical 
control. 
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 In sheep, a population of sensory relay neurons 
 fi ring in phase with the oropharyngeal stage of 
swallowing has been found to exist more rostrally 
in the pons  [  107,   108  ] . These neurons are thought 
to be involved in providing information from the 
oropharyngeal receptors to the higher nervous cen-
ters, in particular the cortical area  [  108  ] . Therefore, 
cortical neurons may belong to a ponto-cortico-
medullary loop, so that upon receiving sensory 
information, they might control the activity of the 
CPG swallowing neurons as they  fi re successively, 
just as peripheral afferent  fi bers do  [  3  ] . It has been 
shown that cortical neurons in the swallowing cor-
tical area of sheep are activated or inhibited during 
swallowing  [  109  ] . More recent  fi ndings on mon-
keys indicate that cortical areas associated with 
feeding behavior are involved in swallowing  [  94, 
  110  ] . However, changes in the  fi ring activity of cor-
tical neurons during swallowing have been shown 
to depend on sensory feedback, since they are abol-
ished in paralyzed animals. 

 In any case, the supramedullary in fl uences on 
swallowing, which have been only sparsely docu-
mented so far, require more thorough investiga-
tion. In particular, in the light of the numerous 
forebrain structures identi fi ed, with the functional 
brain imaging techniques   , to be involved in swal-
lowing. This would make it possible to specify 
the neuronal pathways involved and the role of 
these central in fl uences in several pathological 
situations. Moreover, clinical observations, such as 
those following recovery after unilateral cortical 
stroke, suggest that cortical inputs to the medul-
lary CPG exert very probably more complex mod-
ulatory in fl uences than a simple triggering action 
and further experiments are needed to explore 
these possible modulatory effects  [  87,   102  ] .   

   From Pattern Generation to Food 
Intake Behavior 

 Swallowing is an important motor component of 
feeding behavior since it is the last motor event 
before the entry of food into the digestive tract, 
therefore constituting the all or none motor 
sequence further allowing digestion, absorption, 
and nutrition. 

 The swallowing premotor neurons of the NTS 
are located in the caudal brainstem within the 
so-called dorsal vagal complex (DVC), which 
comprises, in addition to the NTS, two other 
interconnected nuclei: the area postrema, a neu-
rohemal organ lining the fourth ventricle and the 
dorsal vagal motor nucleus of the vagus nerve 
containing cell bodies of efferent preganglionic 
vagal neurons  [  111,   112  ] . A growing body of evi-
dence now supports the view that food intake 
control is not orchestrated by the hypothalamus, 
but is more widely distributed within the central 
nervous system, including the DVC which is a 
crucial integrator of satiety and adiposity signals 
 [  113–  115  ] . The role of the DVC in the control of 
food intake put forward therefore the question to 
know whether or not the food intake signaling 
pathways can in fl uence swallowing. 

 Recent results obtained in rats have shown that 
the adiposity signal, leptin, microinjected at physi-
ological doses, within the DVC, inhibits the rhyth-
mic swallowing elicited by SLN stimulation 
(Fig.  6.7 )  [  116  ] . Interestingly, the inhibitory effect 
of leptin was not observed in leptin receptor-
de fi cient Zucker rats. Whether this action on 
swallowing is part of the mechanisms through 
which leptin exerts its anorexigenic effect remains 
unclear, but these results clearly show that leptin 
inhibits ingestion by acting not only on the affer-
ent and integrative components of the feeding 
networks but also on the premotor and motor 
networks of ingestive behavior.  

 Several lines of evidence have also shown that 
brain-derived neurotrophic factor (BDNF) and its 
high af fi nity receptor, tropomyosin-related kinase 
receptor type B (TrkB), constitutes an anorexi-
genic signaling pathway. Interestingly, recent 
results have provided evidence for an action of 
BDNF within the DVC where it may constitute a 
common downstream effector of the adiposity and 
satiety signals, leptin and CCK, and where it has 
been shown to act downstream the melanocortin-
ergic signaling pathway  [  117–  119  ] . In this con-
nection, it has been shown that BDNF may also 
modulate swallowing in the DVC (Fig.  6.7 )  [  72  ] . 
In anesthetized adult rats BDNF microinjections 
in the swallowing network within the DVC induce 
a rapid, transient, and dose-dependent inhibition 
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of the rhythmic swallowing initiated by repetitive 
SLN stimulation. The BDNF inhibitory effect is 
mediated via TrkB activation since it no longer 
occurs when TrkB receptors are antagonized by 
K-252a. In addition, the BDNF effects on swal-
lowing are potentiated by GABA, since subthresh-
old doses of BDNF also inhibit swallowing when 
coinjected with subthreshold doses of GABA, sug-
gesting a synergistic interaction between these two 
signaling substances. Interestingly, BDNF does 
not inhibit swallowing when coinjected with 
bicucculline, a GABA A receptor antagonist, 
thereby showing that GABAergic neurotransmis-
sion is an important downstream effector through 

which BDNF inhibits swallowing. Therefore, the 
anorexigenic action of BDNF within the DVC 
may result from BDNF acting on the afferent and/
or integrative components of the feeding behavior 
networks, and it may also result from an action on 
the motor component of these networks. 

 In addition, it has been shown that the same SLN 
stimulation paradigm which induces rhythmic swal-
lowing also induces a reduction in endogenous 
BDNF protein content within the DVC. These results 
suggest that prolonged stimulation of SLN could 
indeed favor food intake by reducing a BDNF-
dependent anorexigenic tone. Within the caudal 
brainstem, BDNF protein content is both  upregulated 

  Fig. 6.7    Swallowing pattern generator and food intake. 
Recent results have shown inhibitory effects of anorexigenic 
signals, such as leptin and BDNF, on the swallowing CPG, 
revealing a direct action of these signals on the motor com-
ponent of the ingestive behavior. Interestingly, it has been 
shown, in the case of BDNF signaling, that this anorexigenic 
pathway which can be activated either by hormonal pathway 
(adiposity signaling) or neural pathway (satiety re fl ex 

induced by sensory inputs coming from lower digestive 
tract) is inhibited by sensory inputs coming from the upper 
digestive tract, such as those running in the superior laryn-
geal nerve. Therefore, food intake signaling, such as BDNF, 
can modulate in the appropriate way the activity of the swal-
lowing CPG .  From B. Bariohay et al. Endocrinology 
2005;146:5612–20; B. Bariohay et al. Am J Physiol Regul 
Integr Comp 2008;295:R1050–9 with permission       
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by adiposity and satiety signals and downregulated 
by the stimulation of SLN afferent  fi bers innervating 
the upper gastrointestinal tract. Therefore, within the 
DVC, BDNF can be considered as a common inte-
grator for both positive and negative feedbacks trig-
gered by the presence of food in the alimentary 
canal, as well as for adiposity signals, which places 
this anorexigenic factor in a key position for meal 
size control (Fig.  6.7 )  [  72,   120  ] .  

   Conclusion 

 Swallowing depends on a CPG located in the 
medulla oblongata, which involves several brain-
stem motor nuclei (V, VII, IX, X, XII) and two 
main groups of interneurons: a DSG in the NTS 
and a VSG located in the ventrolateral medulla 
above the nucleus ambiguus. Within the CPG, 
neurons in the DSG play the leading role in gen-
erating the swallowing pattern, while neurons in 
the VSG act as switching neurons, distributing 
the swallowing drive to the various motoneuronal 
pools. It is quite remarkable that a CPG for a fun-
damental motor activity should be located within 
a primary sensory nucleus, namely the NTS. As 
in the case of other CPGs, the functioning of the 
central network can be in fl uenced by both periph-
eral and central inputs. 

 Little is known so far about the mechanisms at 
work in the CPG. The sequential burst  fi ring of 
the swallowing neurons probably depends on the 
pattern of intrinsic connections within the swal-
lowing network. Central inhibitory connections, 
in particular, are supposed to play a major role in 
the neuronal sequential  fi ring. Intrinsic cellular 
properties, in particular those of NTS neurons, 
probably also contribute to determine the shaping 
and timing of the swallowing motor pattern. 
Interestingly, recent data indicate (1) that the 
swallowing CPG may show some degree of 
 fl exibility, suggesting that at least some of the 
swallowing neurons may belong to pools of neu-
rons that are common to several brain stem CPGs, 
(2) that anorexigenic signaling pathways do exert 
modulatory in fl uences on the brainstem CPG. 

 Several questions remain to be answered 
regarding the brain stem control of swallowing. 

Although they are technically dif fi cult, electro-
physiological studies dealing with clearly 
identi fi ed swallowing neurons will be neces-
sary to obtain signi fi cant insights into (1) the 
mechanisms underlying swallowing pattern 
generation, (2) the synchronization between the 
two hemi-CPGs, which has received little atten-
tion but is essential for the coordination of the 
muscular contraction, (3) the linking between 
the oropharyngeal and esophageal phases of 
swallowing, (4) the interplay between central 
and intrinsic networks in the case of the esoph-
ageal smooth muscle. The supramedullary 
in fl uences on swallowing, which have been 
only sparsely documented so far, also require 
more thorough investigation, in particular in the 
light of the numerous forebrain structures 
identi fi ed, with the functional brain imaging 
techniques, to be involved in swallowing in 
order to specify the neuronal pathways involved 
and their different modulatory effects on the 
brainstem network.  

   Key Points 

    Swallowing is a complex motor activity that is • 
organized by a network of swallowing-related 
neurons which form the central swallowing pat-
tern generator located in the medulla oblongata.  
  Microelectrode recordings have shown that • 
the swallowing network includes two main 
groups of interneurons: (1) a DSG in the NTS 
of the dorsomedial medulla and (2) a VSG, 
located in the ventrolateral medulla.  
  The DSG contains the generator neurons • 
involved in triggering, shaping, and timing the 
sequential or rhythmic swallowing pattern, and 
the VSG contains switching neurons that dis-
tribute the swallowing drive to the various pools 
of motoneurons involved in the motor activity.  
  The location of the DSG within the NTS which • 
is the primary sensory relay is convenient for 
peripheral input to shape the output of the 
network so that the swallowing movements 
correspond to the swallowed bolus.  
  The sequential  fi ring of the swallowing neu-• 
rons depends on the neuronal circuitry, as well 
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as on the cellular properties of neurons. Within 
the network, inhibitory connections are thought 
to play a crucial role in the sequential  fi ring of 
the neurons.  
  VSG forms premotor neurons for oral and • 
pharyngeal motor neurons, but esophageal 
premotor neurons may be located within the 
DSG. Both DSG and VSG receive cortical 
input that regulates their output.  
  Recent studies suggest that there is consider-• 
able plasticity in the activity of the swallowing 
network and that the swallowing CPG activity 
is modulated by signaling pathways involved 
in the central control of food intake behavior.         
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  Abstract 

 Swallowing requires coordination of several paired muscle groups in the 
head and neck including the diaphragm. Thus, motoneurons of the Vth, 
VIIth, IX through XIIth cranial, cervical spinal, and phrenic nerves are 
sequentially activated by a swallowing pattern generator (SPG) located in 
the lower brainstem for executing the oral, pharyngeal, and esophageal 
stages of swallowing. Independence of these stages from each other indi-
cates distinct subcircuits, their coupling pointing to  fl exible links between 
them. Although intrinsically autonomous, the SPG depends on peripheral 
and suprabulbar afferents for proper functioning. Pivotal to both, integrat-
ing afferents and coordinating stage-speci fi c subcircuits, are the nucleus 
tractus solitarii (NTS) with some of its subnuclei and their reciprocal inter-
connections with the brainstem reticular formation. This chapter provides 
a survey of the anatomical and functional organization of the SPG.  

  Keywords 
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   Introduction 

 To achieve the complex task of coordinating the 
activity of several dozen paired muscle groups, 
swallowing (deglutition) requires neural control 
mechanisms involving levels of the neuraxis 
extending from the spinal cord to the cortex. The 
brainstem has long been thought to harbor the 
central network generating the basic spatiotem-
poral pattern of deglutitive neuromuscular activ-
ity. As illustrated by the work of Bidder  [  1  ] , 
Mosso  [  2  ] , and Miller and Sherrington  [  3  ] , much 
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of the pioneering research on swallowing dealt 
with its properties as a brainstem re fl ex effecting 
bolus transport through the upper alimentary 
tract (UAT), along with protection of the airway 
and the middle ear. This view lingers on in clini-
cal thinking to this day, but has undergone sub-
stantial evolution in contemporary experimental 
work. 

 More than 30 years ago, Doty  [  4  ]  outlined a 
now classical but still relevant concept of the 
swallowing center that envisaged four salient fea-
tures: (1) an intrinsic organization; (2) “peremp-
tory” control over deglutitive motoneurons; (3) a 
mechanism for decoding afferent inputs; and (4) 
responsiveness to “central excitatory states.” 
Thanks to recent advances in neuroanatomic, 
neurochemical, and pharmacologic methodology, 
a model of circuitry representing a structurally 
de fi ned brainstem SPG has evolved, opening up 
new avenues toward elucidation of the underly-
ing cellular mechanisms. The term “SPG” re fl ects 
the major conceptual reorientation toward the 
intrinsic operations of this system as an autono-
mous network. Although Doty’s postulates have 
been validated in part, the need for further 
re fi nements has become evident, particularly 
with regard to the organization of sensory inputs 
and the neurochemical correlates of central net-
work functions. 

 Although autonomous in its intrinsic opera-
tions, the SPG depends on sensory input from the 
periphery via primary afferent neurons for both 
the initiation of swallowing and accommodation 
of the motor pattern to size, consistency, and tex-
ture of the bolus. Afferents coursing in branches 
of cranial nerves V, VII, IX, and X transmit low 
threshold mechanical (tactile, proprioceptive, 
tension), thermal, and chemical (gustatory) infor-
mation to their brainstem relay nuclei of the 
trigeminal sensory and solitary complexes  [  5  ] . 
Moreover, IX/Xth nerve afferents from sinoaortic 
chemoreceptors may convey excitatory drive to 
the SPG  [  6  ] . As these second-order neurons also 
mediate a variety of re fl exes and motor patterns 
other than swallowing, speci fi c properties of the 
afferent signal (e.g., impulse frequency and ori-
gin in a particular peripheral structure) or their 
central processing must determine an appropriate 

and speci fi c motor outcome (i.e., swallowing 
instead of retching or gagging). Remarkably, 
afferent signals from both the periphery and 
suprabulbar structures are capable of activating 
the SPG. Thus, a problem common to transfer of 
sensory information to motor networks, namely 
the decoding of coded neuronal information  [  7  ] , 
as well as the integration of central commands, 
appears to be solved by the SPG in the same way 
as in other motor networks. Precisely how this 
task is accomplished is still unknown; however, 
second-order sensory neurons, in particular in the 
nucleus tractus solitarii (NTS), as well as higher-
order solitarial and reticular neurons providing 
neuromodulatory inputs are thought to play a key 
role. 

 Pharmacologic approaches have provided  fi rst 
insights into the nature and potential diversity of 
chemical signals utilized by deglutitive neural 
circuits  [  5,   8  ] . Thus, Doty’s hypothesized “cen-
tral excitatory states” can now be related to neu-
romodulatory inputs into the SPG. Certain of 
these involve neuronal substrates and neurotrans-
mitter systems extrinsic to the SPG and may 
operate as links in deglutitive pathways descend-
ing from the forebrain and diencephalon. On the 
other hand, neurons intrinsic to the SPG largely 
depend on excitatory amino acidergic transmis-
sion for fast information transfer but are also 
endowed with other messenger substances acting 
as cotransmitters. 

 This chapter surveys the current progress 
made in studies of deglutitive motor control in 
laboratory animals, particularly rodents, as these 
have yielded the most detailed neuroanatomical 
information to date. It represents an update 
of our previous review  [  9  ] . A book chapter by 
Miller et al.  [  5  ] , a review by Jean  [  10  ]  and his 
chapter in this book, and a recent review by 
Lang  [  11  ]  may be consulted for broader cover-
age of the relevant literature and background 
information on suprabulbar and peripheral 
deglutitive pathways not dealt with here. The 
brainstem structures forming the SPG and its 
associated circuits will be considered under the 
broad headings of (1) neuroanatomic organiza-
tion, (2) in vivo mapping studies, and (3) trans-
mitter mechanisms.  
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   Neuroanatomic Organization 

   General Features 

 The principal components of the SPG are de fi ned 
in terms of both afferent and efferent connectiv-
ity. The former comprises primary sensory inputs 
that are capable of evoking either the deglutitive 
motor sequence (oral, pharyngeal, and esopha-
geal stage) or secondary (bolus-induced) esopha-
geal peristalsis; the latter represents the 
motoneuron pools innervating the muscle layers 
of the UAT. Each of the three successive 
stages—(1) bolus formation and presentation to 
pharynx, (2) pharyngeal propulsion and transit 
with airway closure, and (3) peristaltic transport 
through the esophagus—can be enacted quasi-
independently, implying discrete neuroanatomic 
substrates of control or a capability of the SPG to 
function selectively in different subcircuits. The 
bilateral symmetry of afferent and efferent neural 
circuits imposes a functional “half-center” orga-
nization, represented on both sides of the brain-
stem  [  12  ] . 

 The circuit diagrams presented below should 
be consulted extensively so as to enable the reader 
to navigate with greater ease through the maze of 
anatomic detail. For each deglutitive stage, the 
underlying organization will be discussed in 
terms of three integral components: viscerosen-
sory afferents (input), premotoneuronal network 
(interneuronal throughput), and visceromotor 
efferents (output). In essence, the concept of 
stage-speci fi c circuits derives from evidence 
demonstrating that the NTS subdivisions receiv-
ing viscerosensory afferent input from the UAT 
maintain viscerotopically organized connections 
with motoneurons that innervate muscle tunics in 
the corresponding pharyngeal and esophageal 
portions of the UAT. Interneuronal throughput in 
these subcircuits, especially that controlling the 
esophagus, is simpler than initially supposed, as 
NTS second-order sensory neurons engage the 
associated motoneuron pools with monosynaptic 
connections, in addition to relaying in the medul-
lary reticular formation. This direct linkage 
implies a mandatory (i.e., peremptory) mode of 

motor control by at least some components of the 
SPG. Remarkably, the “tightness” of these pre-
motor connections progresses from one degluti-
tive stage to the next.  

   Motoneurons 

 The principal pools of deglutitive motoneurons 
innervating striated musculature of the UAT 
reside in cranial nerve motor nuclei V, VII, IX/X 
(nucleus ambiguus, AMB), and XII, including 
the accessory portions of V and VII  [  5  ] . Those 
providing preganglionic innervation for smooth 
muscle layers of the esophageal body and lower 
esophageal sphincter are contained in the dorsal 
motor nucleus of the vagus (DMV) as part of the 
general visceral efferent column (GVEC), where 
they make up a rostral contingent projecting to 
excitatory, and a caudal group projecting to 
inhibitory, myenteric neurons  [  13–  15  ] . Neck 
muscle motoneurons are located in the ventral 
horn of cervical spinal cord segments 1–3, in case 
of the spinal accessory nucleus down to segment 
C7  [  16–  19  ] . Motor axons supplying these facul-
tative swallowing muscles reach their targets via 
the ansa cervicalis, accessory nerve, and short 
branches of cervical spinal nerves. 

 Motoneurons activated during deglutition par-
ticipate in a wide range of other motor programs; 
that is, they are inherently multifunctional. At 
 fi rst glance, the topography of UAT efferents in 
the cranial motor nuclei V, VII, IX to XI, and XII 
does not reveal a deglutitive pattern; however, the 
myotopic organization and dendroarchitecture of 
the ambiguous complex ( [  20–  22  ] ; Fig.  7.1 ) 
exhibit features that may facilitate integration 
and coordination of deglutitive motor output. The 
existence of presumptive gap junctions between 
about 30 % of esophagomotor neurons in the rat 
nucleus ambiguus compact formation (AMBc) 
suggests an additional mechanism for synchro-
nizing motor output  [  24  ] . In addition to cholin-
ergic markers, esophageal motoneurons of the 
ambigual compact formation express other puta-
tive mediators with as yet unknown functions, 
including calcitonin gene-related peptide 
(CGRP), galanin,  N -acetylaspartylglutamate, and 
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brain natriuretic peptide  [  25  ] , as well as nitric 
oxide synthase (NOS;  [  26  ] ).  

 Additional intricacies of esophageal motor 
control merit attention. All mammalian species, 
including rodents with a striated muscle esopha-
gus, possess a full-length inner smooth muscle 
tube or tunica muscularis mucosae whose func-
tional role remains to be clari fi ed. The complex 
innervation of this structure by the myenteric 
plexus  [  25  ] , the sympathetic nervous system  [  5  ] , 
and spinal afferents  [  25,   27  ] , along with the 
inferred inputs from the DMV, are consistent 
with a supportive role in bolus transport. 

 Another peculiarity is enteric coinnervation of 
striated esophageal muscle  [  28,   29  ] . Nitrergic 
and peptidergic myenteric neurons intermingle 
with cholinergic motor axons from AMBc neu-
rons at esophageal motor endplates. Results from 
experiments with ex vivo vagus nerve-esophagus 
preparations suggest inhibitory modulation of 
vagally induced striated muscle contractions by 
nitrergic/peptidergic myenteric neurons  [  30–  33  ] . 
Enteric coinnervation may also provide a path-
way for DMV in fl uence onto striated muscle of 
the esophagus  [  34  ] . However, the functional rel-
evance of enteric coinnervation in vivo is still 
elusive. 

 A muscle that was largely neglected in consid-
erations about neural control of swallowing until 
recently is the crural diaphragm. Clinical evi-

dence and biomechanical reasoning indicated the 
crural diaphragm as an “external” lower esopha-
geal sphincter which relaxes and contracts in 
concert with the “inner” lower esophageal sphinc-
ter  [  35,   36  ] . However, investigations on the neu-
ronal basis of this coordination were only 
performed in the past few years. Besides a possi-
ble projection from deglutition-related brainstem 
nuclei to phrenic motoneurons in the cervical spi-
nal cord which never has been rigorously tested, 
a more unorthodox vagal pathway from the DMV 
to the crural diaphragm was proposed based on 
both functional and retrograde transneuronal 
tracing studies in the ferret  [  37–  39  ] . However, 
the retrograde tracing  fi ndings were not con fi rmed 
by anterograde tracing and have been interpreted 
by others as diffusion artifacts  [  40  ] . On the other 
hand, a peripheral re fl ex mechanism for esophago-
diaphragmatic coordination was suggested  [  41  ] .  

   Primary Afferents and Their Relay 
Nuclei 

 Transganglionic tracing studies have revealed the 
detailed somatotopy of primary afferent terminal 
 fi elds in brainstem and spinal cord. Besides the 
well-known areas in the principal and spinal 
trigeminal nuclei, sensory neurons of the trigemi-
nal ganglion also project to the NTS, particularly 

  Fig. 7.1    Cytodendroarchitecture of the rat ambiguus 
complex. Camera lucida reconstruction of serial oblique 
sagittal brainstem sections showing ambiguus neurons 
retrogradely labeled upon horseradish peroxidase appli-
cation to the supranodose vagus nerve. Three main divi-
sions are recognizable: a rostral compact formation of 
esophagomotor neurons (AMBc), a caudal loose forma-
tion (AMBl) of laryngomotor neurons, and an interposed 

semicompact formation (AMBsc) of chie fl y pharyngo-
motor neurons. The AMBsc column continues into the 
rostral tip of the ambiguus complex overlying the facial 
motor nucleus (VIIm). Note dendritic radiations and 
bundling. Additional ventral most cell groups represent 
the AMB external formation of vagal preganglionic 
neurons. From W.W. Blessing et al. Brain Res 
1984;322:346–50 with permission of Wiley and Sons       
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its lateral subnuclei  [  42,   43  ] . Proprioceptive neu-
rons of the mesencephalic trigeminal nucleus 
send their axons to the trigeminal motor nucleus 
(Vm) and, via Probst’s bundle, densely to the 
rhombencephalic parvicellular reticular forma-
tion (RFpc;  [  44,   45  ] ), to the nucleus ambiguus 
 [  46  ] , and to the hypoglossal nucleus  [  47  ] . 
Somatosensory, general, and special visceral 
(gustatory) afferents of the IXth and Xth cranial 
nerves terminate in speci fi c subnuclei of the NTS 
with only little overlap, and in the paratrigeminal 
nucleus (PTN)  [  48–  51  ] . Speci fi cally, afferents 
from the soft palate, pharynx, and larynx termi-
nate in the interstitial and intermediate subnuclei 
of the NTS (NTSis and NTSim, respectively) and 
in the PTN. Afferent terminals traced transgan-
glionically from the superior laryngeal nerve 
(SLN), the major route of swallowing re fl ex 
afferents, are shown in Fig.  7.2 .  

 Esophageal afferents are clustered in the cen-
tral subnucleus of the NTS (NTSce;  [  48  ] ). In 
general, afferents from cervical segments are rep-
resented rostral to those from thoracic and 
abdominal levels. Mucosal afferents from the 
upper cervical esophagus travel via the SLN to 
terminate in NTSis and NTSim, whereas muscu-
lar afferents coursing in the recurrent laryngeal 
nerve (RLN) reach the NTSce, similar to their 
counterparts from thoracic and abdominal esoph-
agus ( [  53  ] ; Fig.  7.3 ). The RLN also contains 
some afferents terminating in NTSis and NTSim, 
which may originate in the trachea  [  55  ] .  

 Similar to the vagal efferent pathway to the 
crural diaphragm, there is also some indication 
for a vagal afferent innervation of the phrenico-
esophageal ligament, i.e., the connective tissue 
tethering the esophagus to the crural diaphragm. 
In this case, electrophysiologic and retrograde 
tracing data were backened by anterograde trac-
ing from the nodose ganglion showing terminal 
structures suggestive of mechanosensors  [  39  ] . 

 Although there are monosynaptic connections 
between vagal primary afferents and general vis-
ceral efferent neurons of the DMV nerve  [  56–  58  ] , 
it is unknown if these include also esophageal or 
other swallowing-relevant afferents. 

 Functional studies in arterially perfused rat 
brainstem preparations suggest that stimulation 

of sinoaortic IX/Xth nerve chemoreceptor affer-
ents can also elicit swallowing. This response 
may be mediated by neurons in the NTSim that 
receive convergent inputs from both pharyngoe-
sophageal and chemoreceptor afferents  [  6,   59  ] . 
At  fi rst glance, this  fi nding may be surprising, 
unless one takes into account that such a mecha-
nism may constitute a defensive re fl ex for safe-
guarding airway patency. 

 Orofacial nociception, e.g., by injecting cap-
saicin into facial skin or tongue, inhibited re fl ex-
induced swallowing in rat. This may be mediated 
via direct projections of trigeminal nociceptors to 
the NTS or via a relay in PTN and involves a 
GABAreceptor mechanism  [  54  ] . 

 Ultrastructural studies demonstrate that termi-
nals of afferents from the esophagus and the lar-
ynx form asymmetric synapses on dendrites of 
second-order neurons in the NTSce and NTSis 
 [  60,   61  ] . They may contact several dendrites, thus 
forming synaptic glomeruli. Primary afferents 
utilize glutamate as their main transmitter but 
apparently do not release nitric oxide (NO) from 
their central terminals. However, they often syn-
apse on dendrites of nitrergic second-order neu-
rons  [  62  ] . The NTSce neurons comprising the 
core region express neuronal nitric oxide syn-
thase (nNOS), leu-enkephalin, and somatostatin 
 [  25,   63,   64  ]  and, based on these markers, fall into 
different subpopulations. Noradrenergic neurons 
are found in its shell region  [  65  ] . 

 The paucity of inhibitory synapses within the 
NTSce region would seem counterintuitive in 
light of functional evidence pointing to the exis-
tence of inhibitory processes operating at this 
level  [  66  ] . Moreover, the identi fi cation in NTSce 
neurons of alpha 1 subunit of gamma-aminobu-
tyric acid (GABA). A receptor messenger RNA 
(mRNA) appears relevant in this context  [  67  ] . 

 As noted above, connections between vagal 
second-order sensory neurons in the NTS and 
motoneurons are particularly tight in the case of 
ambigual neurons innervating muscles of the 
pharynx, larynx, and esophagus, the former two 
groups receiving monosynaptic inputs from inter-
stitial and intermediate subnuclei and the latter 
from the central subnucleus. Ultrastructural anal-
ysis of synaptic contacts in the compact (AMBc), 
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semicompact (AMBsc), and loose (AMBl) for-
mations of the nucleus ambiguus, partly com-
bined with tracer injections into the NTS, has 
revealed signi fi cant differences in the location of 
synapses on perikarya and dendrites, respectively, 
and types of synaptic vesicle  [  26,   68–  71  ] . In the 

compact formation, almost all synapses are found 
on dendrites and contain small round clear vesi-
cles (Gray’s type I, presumptive excitatory). 
Pharyngeal and laryngeal motoneurons in the 
semicompact and loose formations, respectively, 
receive Gray’s type I and type II (symmetric, 

  Fig. 7.2    Subnuclear divisions of rat nucleus tractus 
solitarii (insert at  lower left ) and distribution of central 
terminals of afferents coursing in the superior laryngeal 
nerve. Besides various afferents unrelated to deglutitive 
function, the SLN contains the majority of swallowing 
re fl ex afferents. The intrasolitarial distribution of trans-
ganglionically labeled terminals illustrated in this set of 
transverse sections overlaps with that revealed after tracer 
injections into the pharynx, larynx, or upper esophagus. 
Location of NTS subnucleus centralis (cen, core portion) 

is marked by dotted outline. Numbers indicate anterior–
posterior distance (micrometers) from rostral edge of area 
postrema.  AP  area postrema,  DMV  dorsal motor nucleus 
of the vagus nerve,  NTS  nucleus tractus solitarii,  cen  
central,  dl  dorsolateral,  gel  gelatinous,  int  intermediate, 
 is  interstitial,  v  ventral,  vl  ventrolateral subnucleus, 
IV—fourth ventricle, XII—hypoglossal motor nucleus. 
From W-Y Lu. Oesophageal premotor mechanisms in the 
rat. Ph.D. thesis, Memorial University of Newfoundland; 
1996 with permission of Wiley and Sons       
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pleomorphic vesicles, presumptive inhibitory) at 
about equal numbers on both dendrites and 
somata. Synapses identi fi ed by anterograde tracing 
from the NTSce, NTSim, and NTSis concur with 
this general pattern. Solitario-ambigual neurons 
project also to small and medium-size nonmo-
toneurons of the nucleus ambiguus  [  69,   70  ] . Some 
of these neurons may project back to the NTS 
 [  45,   72  ] . Thus, premotor neuronal structures have 
mainly excitatory in fl uences on the esophagus, 
whereas those for the pharynx and larynx are com-
patible with balanced excitatory/inhibitory inputs. 

 Moreover, there are signi fi cant projections 
from trigeminal (spinal and mesencephalic nuclei) 
and solitary complexes to the rhombencephalic 

RFpc  [  45,   73,   74  ] , including Probst’s nucleus and 
the intermediate reticular formation. It is reason-
able to assume that premotor neurons in these 
reticular nuclei participate in afferent decoding 
and information processing. 

 Except for a few aberrant trigeminal and vagal 
 fi bers, primary afferents do not appear to project to 
the (rostral) reticular formation. However, second-
order sensory projections from the NTS, spinal V, 
and PTN  [  75  ]  reach the parabrachial area. In par-
ticular, the NTSim, but not the NTSce, sends a 
substantial projection to the parabrachial complex 
 [  76  ] . This pathway may account for the swallow-
ing-associated activity described in the sheep dor-
sal pons ( [  34  ] ; see Pontine Interneurons, below). 

  Fig. 7.3    Differential projection of vagal muscular and 
mucosal afferents from the rat upper esophagus. This 
summary diagram resulted from a combination of trans-
ganglionic tracing and selective neurectomy experiments. 
The majority of muscular afferents from intraganglionic 
laminar endings (IGLEs) course through the recurrent 
laryngeal nerve (RLN) and terminate in the central sub-
nucleus of the solitary complex (NTScen) while a minority 
(stippled) takes the superior laryngeal nerve (SLN) route. 

In contrast, mucosal afferents travel through the SLN 
to the interstitial subnucleus (NTSis), some of them 
(stippled) reaching it via a branch of the glossopharyngeal 
nerve (IX).  AP  area postrema,  CervX  cervical vagus nerve, 
IV—fourth ventricle,  JG  jugular ganglion,  NG  nodose 
ganglion,  PG  petrosal ganglion,  Rph  pharyngeal branch 
of the vagus nerve. From Y.T. Wang and D. Bieger. Am 
J Physiol 1991;161:R639–46 with permission of Wiley 
and Sons       
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   Oral-Stage Subcircuit 
 Consisting of volitional and re fl exive components 
(preparation, formation, and lingual propulsion 
of bolus), the oral stage  [  5  ]  presents a less well-
identi fi ed motor pattern as compared with the 
subsequent stages of swallowing. The network 
responsible for coordinating the oral stage pro-
vides integration with circuitry controlling masti-
cation or drinking. Neuroanatomic evidence 
detailed below suggests a highly complex con-
nectivity that overlaps only in some aspects with 
subcircuits thought to control the subsequent 
parts of the deglutitive sequence. 

 A proposed circuit model of the oral-stage 
network is presented in Fig.  7.4 . As revealed by 
combined retrograde and anterograde tract 
tracing in the rat  [  73  ] , the presumptive compo-
nents of this subcircuit comprise portions of the 
rostral solitary complex, the rhombencephalic 

parvicellular reticular formation (RFpc), and its 
projections to trigeminal (Vm), facial (VIIm), 
and hypoglossal (XIIm) motor nuclei. The RFpc 
subjacent to the dorsal vagal complex and lateral 
to the hypoglossal motor nucleus is implicated 
in deglutitive control because this region con-
tains neurons that are active during the pharyn-
geal stage of deglutition (see below) and are 
likely to receive afferents from parts of the NTS 
receiving sensory inputs from the oral cavity 
 [  73  ] . The RFpc at the level of the rhomben-
cephalon forms a sheet-like continuum extend-
ing in a ventro-rostro-lateral orientation toward 
the ventral vagal complex. Ventromedially it is 
 fl anked by the intermediate parvicellular reticu-
lar zone (RFiz), which includes a group of 
cholinergic neurons located just dorsomedial to 
the compact formation of the nucleus ambiguus 
 [  77,   78  ] .  

  Fig. 7.4    Proposed network circuit controlling the oral 
stage of swallowing.  Cvh  ventral horn of the  fi rst three 
cervical spinal segments,  LCN  local circuit neuron,  NTS  
nucleus tractus solitarii,  NTSis  interstitial subnucleus, 
 NTSim  intermediate subnucleus,  NTSl  lateral subnucleus, 
 NTSv  ventral subnucleus,  PBN  parabrachial nuclei,  RFiz  
reticular formation intermediate zone,  RFpc  reticular 

formation,  pars  parvicellularis, Vth—trigeminal nerve, 
Vm/a—motor/accessory nucleus of trigeminal nerve, 
Vmes—mesencephalic nucleus of trigeminal nerve, Vsens 
sensory nuclei of trigeminal nerve, VIIth—facial nerve, 
VIIm/a—motor/accessory nucleus of facial nerve, IXth—
glossopharyngeal nerve, Xth—vagus nerve, Xm—nucleus 
ambiguus, XIIm—hypoglossal nucleus       
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 The projections from the RFpc  [  73  ]  are bilat-
eral and distributed preferentially to (1) jaw 
opener motoneurons in ventral Vm, (2) facial 
motoneurons in the dorsal intermediate subdivi-
sion innervating deep oral musculature (sty-
lohyoid, posterior digastric), and (3) both 
protruder and retractor motoneurons in XIIm 
(ventral and dorsal subdivision, respectively). A 
mainly crossed projection to jaw closer motoneu-
rons (dorsal division of Vm) originates from a 
group of large multipolar cells embedded in the 
RFpc, corresponding to the nucleus of Probst’s 
tract. A de fi ning feature of the RFpc neurons may 
be the formation of axon collaterals  [  79–  82  ] . 

 The inferred role in the control of oral-stage 
swallowing activity of connections between the 
RFpc and the rostral NTS  [  83  ]  remains to be 
established. The same holds true for the presumed 
linkage with NTS subnuclei believed to form part 
of the SPG proper. 

 In the rat, Vm, VIIm, and XIIm also receive 
input from the NTS. However, these solitarial 
efferents, unlike those to the ambiguus complex, 
are relatively sparse  [  73,   82  ] , although a prefer-
ential distribution to Vm jaw opener and acces-
sory VIIm neurons is evident. In contrast, in the 
sheep, such connections are believed to be absent 
 [  10  ] . Instead, groups of interneurons in the ven-
tral medullary reticular formation (putative 
“switching neurons” of Jean) are thought to oper-
ate as links between deglutitive NTS interneurons 
and motor neuron pools of the rostral rhomben-
cephalon other than those projecting via the 
glossopharyngeal and vagus nerves. Anterograde 
 [  73,   84,   85  ]  and retrograde  [  72,   73,   86  ]  tracing 
studies in the rat implicate the periambigual par-
vicellular reticular formation as the presumptive 
location of ventral “switching” interneurons. A 
putative function of these premotor elements is 
coordination of deglutitive motor output within 
and between each half of the medulla.  

   Pharyngeal Stage Subcircuit 
 A proposed circuit model of the pharyngeal stage 
network is presented in Fig.  7.5 . Based on antero-
grade  [  73,   84,   85  ]  and retrograde transsynaptic 
 [  87,   88  ]  tracing experiments, the solitarial 
interneurons projecting to buccopharyngeal stage 

motoneurons, that is, pharyngeal and laryngeal 
motoneurons in the nucleus ambiguus, have been 
located in the intermediate, interstitial, and ven-
tral NTS subnuclei (NTSim, NTSis, NTSv). 
Neurons in the NTSim are thought to provide 
premotor input to pharyngeal constrictor 
motoneurons in the semicompact formation  [  21  ]  
of the nucleus ambiguus. In addition, solitarial 
projections to trigeminal, facial, and hypoglossal 
motoneurons have been described in the rat  [  73, 
  82  ] . Retrograde transneuronal tracer studies using 
pseudorabies virus injections into rat pharyngeal 
muscles do not make speci fi c mention of ventral 
reticular formation neurons  [  87  ] . It remains to be 
determined if all three NTS subnuclei play over-
lapping or distinct roles in deglutitive motor pro-
gramming. For instance, chemostimulation maps 
(see Mapping Studies, below) do not unequivo-
cally include the interstitial subnucleus as a site 
where swallowing responses can be triggered. 
Remarkably also, the NTSv is poorly supplied 
with UAT primary afferents  [  48  ] . In the cat, a 
newly de fi ned ventromedial subnucleus of NTS 
(NTSvm; see c-fos/Fos mapping below) is 
involved in the pharyngeal stage  [  89  ] . It was sug-
gested that NTSvm is equivalent to ventromedial 
parts of NTSce as de fi ned in rodents  [  11  ] .  

 Interconnections between these NTS subnu-
clei and the rhombencephalic RF probably enable 
the SPG to produce sequential inhibition and 
excitation of motoneurons and to ensure the bilat-
eral coordination of the swallowing “half-cen-
ters.” Connections, via NTSce or directly, with 
the GVEC of parasympathetic preganglionic 
neurons would represent the central link for swal-
lowing-induced relaxation of the lower esopha-
geal sphincter  [  90  ] , sometimes regarded as the 
 fi nal stage of the swallowing sequence  [  12  ] .  

   Esophageal Stage Subcircuit 
 A proposed circuit model of the esophageal stage 
network is presented in Fig.  7.6 . Because esopha-
geal peristalsis is held in abeyance during rapidly 
repeated oropharyngeal stage activity, or occurs 
independently, as in secondary (bolus-induced) 
peristalsis, it must be governed by a separate neu-
ral control circuit. Evidence from retrograde and 
anterograde neuroanatomic pathway tracing studies 
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supports this basic concept. Thus, the NTS sub-
nucleus centralis receives a dense terminal pro-
jection from primary sensory vagal neurons 
innervating low-threshold mechanoreceptors in 
the esophagus  [  48  ]  and, in turn, sends a massive 
projection to motoneurons of the compact for-
mation of the nucleus ambiguus  [  64,   72,   88,   91  ] , 
the source of special visceral efferents to the stri-
ated muscle tunic of the esophagus  [  21  ] . By 
comparison, projections from esophageal 
response loci in the NTS central subnucleus to 
the medullary reticular formation seem relatively 
sparse  [  84,   85  ] , in agreement with anatomic 
anterograde tracing studies  [  73  ] . However, col-
lateral projections to the RFiz were noted in 
another study using neurobiotin for extra- or jux-
tacellular labeling of functionally identi fi ed 
NTSce neurons  [  13  ] .  

 The crucial question of whether the esopha-
geal and the buccopharyngeal subcircuits are 
synaptically linked appears to have been resolved 
by viral tracing studies that demonstrate a projec-
tion from intermediate and interstitial subnuclei 
to the central subnucleus  [  20,   88  ] . However, the 
extent or strength of this linkage remains unclear. 
Thus, functional coupling between the buccopha-
ryngeal and esophageal stages of swallowing 
may involve additional groups of NTS interneu-
rons. Among these, cholinergic and GABA-ergic 
neurons are prime candidates (see Transmitter 
Mechanisms, below). In the cat, the newly de fi ned 
NTSvm is now proposed as another possibility 
 [  89  ] . It is again worth noting that, in viral 
transneuronal retrograde tracing studies  [  88  ] , 
NTSce neurons are visualized before neurons in 
the medullary RFpc and other brainstem structures 

  Fig. 7.5    Proposed network circuit controlling the 
pharyngeal stage of swallowing.  AMBsc,l  semicompact 
and loose formation of nucleus ambiguus,  GVEC  general 
visceral efferent column,  LCN  local circuit neurons,  NTS  
nucleus tractus solitarii,  NTSce  central subnucleus, 
 NTSis,im  interstitial and intermediate subnuclei,  NTSv  

ventral subnucleus,  PBN  parabrachial nuclei,  RFiz  
reticular formation intermediate zone,  RFpc  reticular 
formation pars parvicellularis,  SLN  superior laryngeal 
nerve, Va—accessory motor nucleus of trigeminal 
nerve, IXth—glossopharyngeal nerve, Xth—vagus nerve, 
XIIm—hypoglossal nucleus       
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(nuclei of the spinal trigeminal tract, area pos-
trema, locus ceruleus, subceruleus area, raphe 
nuclei, and midbrain central gray). 

 At present, information is incomplete regard-
ing the connections between the solitarial subnu-
clei and vagal preganglionic neurons that control 
the motility of UAT smooth musculature. A group 
of noradrenergic neurons forming the shell region 
of the NTSce has been implicated in esophago-
gastric re fl ex paths that trigger gastric relaxation 
during esophageal distension. These neurons 
reportedly send extensive projections to pregan-
glionic neurons in the DMV nerve  [  13,   65  ] , the 
source of general visceral efferents to UAT 
smooth musculature. Gastric relaxation may 
result from both alpha-1 adrenergic activation of 
DMV neurons projecting to gastric myenteric 
nitrergic neurons and alpha-2 mediated inhibition 

of DMV neurons innervating gastric myenteric 
cholinergic neurons  [  92  ] . A similar mechanism 
may control the lower esophageal sphincter  [  37  ] . 

 However, another anterograde tracing study of 
NTS efferents in the rat  [  73  ]  suggests a paucity of 
connections with the DMV, but in view of con-
trary evidence from functional mapping studies 
 [  13,   65,   85  ] , it seems reasonable to infer that the 
sites selected for tracer deposits missed some of 
the critical NTS subnuclei harboring deglutitive 
premotor neurons, including esophageal premo-
tor neurons of the NTSce. This conclusion is further 
strengthened by data from “microchemostimula-
tion” mapping studies (see Mapping Studies, 
below). 

 The current view of solitarial neurons as inter-
nuncial elements linking sensory input from and 
motoneuronal output to the UAT is no doubt 

  Fig. 7.6    Proposed network circuit controlling the esoph-
ageal stage of swallowing.  ACh  acetylcholine,  AMBc  
compact formation of nucleus ambiguus,  GABA  gamma-
aminobutyric acid,  GVEC  general visceral efferent column, 
 IGLEs  intraganglionic laminar endings,  LCN  local circuit 
neurons,  LES  lower esophageal sphincter,  LMM  lamina 

muscularis mucosae,  muc  mucosa,  NTS  nucleus tractus 
solitarii,  NTSce  central subnucleus,  NTSis,im  interstitial 
and intermediate subnucleus,  phrenic ncl  phrenic nucleus, 
 RFiz  reticular formation intermediate zone,  RLN  recurrent 
laryngeal nerve,  SLN  superior laryngeal nerve,  TMP  
tunica muscularis propria, Xth—vagus nerve       
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somewhat simplistic. For example, intracellular 
staining of neurons in the NTS subnuclei inter-
medius and centralis ( [  52  ] ; D. Bieger, unpub-
lished observations) shows that, apart from their 
main axons projecting to the ambiguus complex, 
cells in these regions emit multiple axon collater-
als that form extensive intrasolitary projections. 
Similarly, Rogers and coworkers  [  13,   65  ]  have 
demonstrated the extensive dendritic arboriza-
tions of NTSce cells, which reach the ependyma 
overlying the NTS. In addition, other connections 
include crossed intersolitary projections  [  84  ] , 
involving NTS subnuclei other than those receiv-
ing vagal input from the UAT, thereby forming 
additional local circuits. It is tempting to specu-
late that these intrasolitary networks play a role 
in coupling of the deglutitive stages, as well as in 
swallow-induced (deglutitive) and bolus-induced 
(distal) esophageal inhibition. Projections to the 
rostral parts of the GVEC of VIIth, IXth, and Xth 
nerve parasympathetic preganglionic neurons 
would provide a possible mechanism for coordi-
nated activation of salivary and UAT mucous 
glands.    

   Functional Maps of Brainstem 
Deglutitive Pathways 

 Mapping of swallow-activated neuronal activity 
has been achieved by various means, including 
in vivo microelectrode extracellular recording, as 
well as by Fos immunocytochemistry. Deglutitive 
neural substrates have also been delineated by 
means of chemical microstimulation; for perti-
nent evidence see Transmitter Mechanisms, 
below. Apart from differences in sensitivity and 
speci fi city, these techniques have in common at 
least three limitations or caveats that need to be 
taken into account: (1) Neurons displaying activ-
ity during any particular stage of the swallowing 
sequence may not necessarily be involved in gen-
erating the deglutitive motor program but instead 
act as relays to other neural circuits serving dif-
ferent functions (e.g., breathing, coughing, vom-
iting, retching, as well as a variety of associated 
esophageal re fl exes). (2) Deglutitive activation 
may be due to reafferent signals from the aerodi-

gestive tube. (3) Metabolic neuronal markers 
such as the c-fos signal cannot be detected in 
neurons undergoing synaptic inhibition, a pro-
cess likely to play a signi fi cant role in deglutitive 
motor programming. 

   Microelectrode Studies 

 For detailed information on the functional typol-
ogy and  fi ring characteristics of dorsal and ven-
tral swallowing group (DSG and VSG) neurons 
the reader should consult the chapter in this vol-
ume by Jean and Dallaporta. Here, only the most 
salient points will be covered. The majority of 
data on swallowing-related neurons in the mam-
malian brainstem come from extracellular record-
ings obtained in anesthetized or decerebrated 
animals  [  5,   10  ] , including mainly the sheep, as 
well as the cat, rat, dog, and monkey. Intracellular 
recordings have been reported only recently and 
deal mainly with motoneurons (see below), 
except for two studies describing activity of 
interneurons in the cat  [  93  ]  and rat NTS  [  6  ] . The 
most commonly used method for eliciting degluti-
tion in these investigations is electrical stimula-
tion of the SLN, resulting in re fl exive activity 
involving chie fl y the pharyngeal stage, with vari-
able participation (or sometimes inhibition) of 
the esophageal stage. Based on these data, the 
preeminent role of the NTS and the periambigual 
reticular formation in deglutitive motor pattern 
generation was  fi rst established  [  10  ] , thus provid-
ing a frame of reference for subsequent neuroan-
atomical investigations. 

 General features of swallowing neurons 
include (1) usual absence of a tonic (or resting) 
discharge and (2) a spike burst temporally corre-
lated with deglutitive motor output. Other degluti-
tive neurons may show an accelerated resting 
discharge or phasic inhibition coinciding with 
swallow. Deglutitive neurons are furthermore 
excited by distention of that part of the UAT that 
contracts in phase with the swallowing neuronal 
discharge. Their general localization in the 
medulla oblongata to some extent overlaps with 
neurons involved in cardiorespiratory regulation 
 [  59  ] . 
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   Medullary Interneurons 
 These elements are characterized by two criteria: 
lack of antidromic activation with electrical stim-
ulation of appropriate motor nerves, and a high 
spike rate  [  10  ] . Their two principal locations are 
(1) the NTS and subjacent RFpc; and (2) the ven-
trolateral reticular formation adjoining the 
nucleus ambiguus, representing the DSG and 
VSG. Additional loci are found in the immediate 
vicinity of motor nuclei of cranial nerves V, VII, 
and XII and of the principal sensory nucleus of 
the trigeminal nerve. 

 Speci fi c NTS subnuclear localizations of 
DSG neurons were not determined in the original 
studies  [  10,   94  ] . However, their location in gen-
eral overlaps with that of NTSis, NTSim, NTSv, 
and adjacent NTSvl. Burst discharges persist in 
the presence of neuromuscular paralysis (cura-
rization), implying their central origin. 
Presumptive DSG interneurons of the rat NTS 
exhibit a predominantly excitatory convergence 
of inputs from pharyngoesophageal mechanore-
ceptors and IX/Xth nerve sinoaortic chemore-
ceptors  [  6  ] . 

 The DSG neurons related to the esophageal 
stage of swallowing in the rat make up the main 
portion of the NTSce. More is known about their 
behavior during secondary peristalsis evoked by 
esophageal distention  [  13,   66,   95,   96  ]  than during 
swallowing. Re fl ecting the potential diversity or 
complexity of the esophageal premotor control, 
responses to localized esophageal balloon disten-
tion reveal that at least three different types of 
neurons can be distinguished in the NTSce region 
 [  66  ] . One of these types would qualify as a local 
circuit neuron generating distal inhibition in the 
esophageal body or the stomach; the other types 
show either rhythmic or nonrhythmic discharges 
temporally correlated with distention-induced 
esophagomotor activity. 

 The VSG neurons have thus far only been 
identi fi ed for the oropharyngeal stage of swal-
lowing. Compared with DSG neurons, they dis-
play longer synaptic latencies and lower 
instantaneous spike rates but have similar  fi ring 
characteristics  [  10,   97  ] . Deglutitive interneurons 
are also located in or near trigeminal and hypo-
glossal motor nuclei.  

   Pontine Interneurons 
 Pontine interneurons are located in a region 
extending “rostrally to the VIIth nerve exit, above 
Vm at the level of the trigeminal principal sen-
sory nucleus”  [  10  ] . Upon SLN stimulation, these 
spontaneously active cells produce a short-latency 
[1.5–4 millisecond (ms)] synaptic response. 
However, unlike that of DSG or VSG neurons, 
the deglutitive discharge of these cells is abol-
ished by neuromuscular paralysis and, hence, 
likely to represent a response to sensory feedback 
from oropharyngeal receptors. Because these 
neurons can be antidromically driven from the 
ventral posteromedial nucleus of the thalamus, 
they would appear to form part of an ascending 
sensory pathway relaying in the parabrachial 
complex  [  75,   76  ] . In this context, a case report 
describing a patient with lateral medullary syn-
drome who presented, inter alia, with dysphagia 
could be of relevance  [  98  ] . MRI images (Fig.  7.1 ) 
show a small lesion in the caudal dorsolateral 
pons (erroneously identi fi ed as the dorsolateral 
medulla), which may have interrupted a pathway 
between the DSG and pontine interneurons.  

   Motoneurons 
 Information on the deglutitive activity of 
motoneurons comes mostly from extracellular 
recording experiments in sheep and rat  [  10,   94  ] . 
Motoneurons active during the pharyngeal stage 
produce low-frequency spike bursts at durations 
in the range of 50–200 ms and lack spontaneous 
activity. Short-latency (7–12 ms) activation is 
seen in pharyngeal stage motoneurons on stimu-
lation of the ipsilateral afferent  fi bers in the SLN 
or IXth nerve, implying mediation via oligosyn-
aptic pathways. In sheep, XIIm neurons produce 
deglutitive burst discharges at spike frequencies 
of 10–70 Hz, but only a minority of cells appears 
to receive oligosynaptic input via the SLN or 
lingual nerve  [  99  ] . 

 Firing characteristics of esophageal stage 
motoneurons have been studied by (1) recording 
from the nucleus ambiguus  [  10  ] , from which 
efferents to esophageal striated muscle arise; and 
(2) by means of single- fi ber unit recordings from 
preganglionic vagal axons  [  100,   101  ]  supplying 
the smooth muscle portions of the esophagus. 



102 W. Neuhuber and D. Bieger

Burst discharges of nucleus ambiguus neurons 
exhibit a long duration (150–800 ms) with a low 
spike rate (10–40 Hz). Both parameters seem to 
correlate with the timing of the discharge; with 
increasing delay, burst duration lengthens and 
spike frequency decreases. In contrast, pregangli-
onic  fi bers from the DMV to esophageal smooth 
muscle have discharge rates of 3–8 Hz with burst 
durations in the range of 1 s. Rat DMV neurons 
are either excited or inhibited by esophageal dis-
tention, depending on their localization (medial-
rostral: inhibition; laterocaudal: excitation;  [  13  ] ). 

 Intracellular recordings in the sheep rostral 
nucleus ambiguus have revealed a marked hyper-
polarization of the membrane potential preceding 
the deglutitive spike burst; the apparent synaptic 
inhibition coincides with the oropharyngeal stage 
 [  102  ] . Intracellular recordings in cat XIIm stylo-
glossal (tongue retractor) and genioglossal 
(tongue protruder) motoneurons  [  103  ]  demon-
strated simple excitatory postsynaptic potential 
(EPSPs) and complex EPSP-inhibitory postsyn-
aptic potential (IPSP) sequences, respectively, 
during deglutition. Corresponding evidence for a 
centrally coordinated synaptic inhibition was  fi rst 
obtained in electromyography (EMG) studies 
showing a cessation of activity in certain “lead-
ing complex” motoneuronal pools preceding and 
following the deglutitive discharge (“bracketing 
inhibition”)  [  12  ] . However, this inhibition does 
not involve all pharyngeal stage motoneurons.   

   c-fos/Fos Mapping 

 At present, the number of studies designed to 
visualize the deglutitive neural network by means 
of this metabolic marker technique is limited, and 
the data reported in the rat  [  104  ] , mouse  [  105  ] , 
and cat  [  89  ]  do not present a coherent picture. 
Similar problems, inconsistencies, or apparent 
lack of speci fi city are found in studies of other 
functions (e.g., cardiovascular systems). The  fi rst 
study using this method  [  104  ]  was carried out in 
ketamine/xylazine-anesthetized rats ( n  = 3) sub-
jected to prolonged stimulation of the RLN. 
Based on this report, putative swallow-associated 
cell activation in the rhombencephalic reticular 

formation and solitary complex exhibits a rather 
poorly de fi ned diffuse pattern. Moreover, the 
c-fos signal was absent in neurons supplying 
efferents to UAT striated or smooth musculature. 
These data con fl ict with neurophysiologic evi-
dence and pharmacologic investigations consid-
ered below. It is thus doubtful that they can be 
interpreted as con fi rming earlier localizations of 
a “swallowing center” in the rostroventral medul-
lary reticular formation  [  12,   106  ] , which thus far 
has eluded detection by microelectrode 
recording. 

   Solitarius Complex 
 Pharyngeal stage-associated increases in Fos-
positive neurons were reported in the feline  [  89  ]  
NTSim, NTSis, and NTSvm, but appeared to be 
absent in NTSv and NTSvl. As already noted, the 
latter two display deglutitive neural activity in 
sheep and rat. In the mouse, pharyngeal stage-
associated elevations in c-fos expression were 
essentially con fi ned to the NTSis and NTSim 
 [  105  ] . Conversely, in the cat  [  89  ] , esophageal 
stage-associated c-fos elevations occurred in more 
widespread subnuclear divisions of the NTS 
(NTSce, NTSv, NTSdl, and NTSvl) than would 
be expected on the basis of either extracellular 
recording studies in rats and sheep or tract tracing 
studies in the rat (cf. Neuroanatomic Organization, 
above). This widespread activation, in particular 
of NTSvl, may relate to respiratory responses dur-
ing the esophageal stage of swallowing  [  11  ] . In 
contrast, c-fos studies in the mouse  [  105  ]  suggest 
a more restricted distribution of swallow- or 
esophageal stage-activated neurons in the intersti-
tial, intermediate, and central subnuclei, even 
though the experimental protocol entailed electri-
cal stimulation of the SLN, a procedure expected 
to activate also various vagal afferents involved in 
functions other than deglutition. Activation of the 
NTSce core region was not evident at intensities 
of SLN stimulation below the threshold for elici-
tation of primary peristalsis. In the rat  [  104  ] , puta-
tive swallow-activated neurons showed a 
widespread relatively sparse distribution without 
a clear subnuclear pattern. In addition, both con-
trol and experimental animals exhibited activity 
in NTS areas overlapping rostrally with the 



1037 Brainstem Control of Deglutition: Brainstem Neural Circuits and Mediators Regulating Swallowing

subnucleus centralis, but erroneously identi fi ed as 
such at more caudal NTS levels. In rats subjected 
to repetitive esophageal distention, a c-fos signal 
was reported in group CA-2 noradrenergic neu-
rons surrounding the NTSce and, to a lesser extent, 
in NTSce core neurons negative for nNOS  [  65  ] . A 
more diffuse activation was present in adjacent 
NTS subnuclei  [  65  ] .  

   Dorsal Motor Nucleus of the Vagus 
 Pharyngeal stage-associated c-fos elevations 
were noted in the cat throughout the rostrocaudal 
extent of the nucleus, with preponderance in the 
dorsal aspect of the DMV and preferential 
involvement of small-sized presumptive interneu-
rons  [  89  ] . Similarly, in the mouse  [  105  ] , neurons 
activated by SLN electrical stimulation were 
located in both rostral and caudal parts of the 
nucleus; however, rostrally activation occurred 
only at a stimulus frequency suf fi cient to elicit 
swallowing. No data were reported in the rat 
studies  [  104  ] .  

   Ambiguus Complex 
 Evidence of deglutitive c-fos activation was 
found in the dorsal subdivision of the cat nucleus 
ambiguus in association with pharyngeal stage 
activity, and in the ventral subdivision (at both 
caudal and rostral levels) following prolonged 
esophageal stage activity  [  89  ] . Direct interspe-
cies comparison of these viscerotopic patterns is 
hampered by the divergent nomenclature applied 
to the nucleus ambiguus subdivisions in the cat 
and rat or mouse. However, it seems reasonable 
to infer that the feline ventral subdivision (so-
called retrofacial nucleus) corresponds to the 
esophagomotor compact division of rodents, 
whereas the pharyngomotor semicompact subdi-
vision of rodents is the homologue of the dorsal 
subdivision in the cat (cf.  [  107  ] ). The pattern of 
Fos-activated neurons reported in the mouse 
ambiguus complex  [  105  ]  agrees with the viscero-
topic representation of the UAT motoneurons 
revealed by neuroanatomic tracer studies. In the 
rat  [  104  ] , presumptive swallow-activated cells 
had a localization overlapping with that of the 
external formation of the nucleus ambiguus and 
the ventral respiratory group.  

   Rhombencephalic Reticular Formation 
 As evidenced by c-fos activation following repet-
itive swallowing activity in the mouse  [  105  ] , the 
RFpc of the medulla oblongata would appear to 
receive deglutitive input through the appropriate 
NTS subnuclei. In the rat  [  104  ] , a more wide-
spread distribution of activated cells appeared to 
be evident in the RFpc, RFiz, periambigual RF, 
and centromedial gigantocellular RF. It should be 
noted, however, that “chemomicrostimulation” 
maps based on the use of excitatory amino acids 
(EAAs) in the rat do not support a role of neurons 
in these regions in generating deglutitive motor 
output (see next section).    

   Transmitter Mechanisms 

 Recent neuropharmacologic advances have pro-
vided a plethora of tools for probing the SPG, 
including agonists and antagonists acting at 
receptors for neurotransmitters or neuromedia-
tors. As evidenced by the elicitation of rhythmic 
(repetitive) swallowing in the anesthetized rat 
 [  8  ] , the SPG responds with sustained excitation 
to a diversity of centrally acting pharmacologic 
stimuli. The stimulant ef fi cacy of certain receptor 
agonists applied systemically or intraarterially 
approaches that of electrical stimulation of the 
SLN, the chief afferent route for elicitation of the 
swallowing re fl ex. In particular, “ fi ctive” swal-
lowing ensues upon localized chemostimulation 
of NTS areas receiving deglutitive re fl ex afferent 
input. Because primary afferent vagal input in 
both deglutitive subcircuits most probably uti-
lizes glutamatergic transmission  [  91,   96,   108, 
  109  ] , the effects of EAAs such as glutamate and 
certain of its analogues [kainate, quisqualate, and 
 N -methyl- d -aspartate (NMDA)] should mimic 
those of glutamate (or aspartate) released endog-
enously either from peripheral vagal re fl ex affer-
ent terminals in the solitarius complex or central 
afferents originating from rostral levels of the 
neuraxis (e.g., basal forebrain, hypothalamus, 
cortex). On the other hand, the excitatory actions 
of the monoamines and certain peptides would 
point to the involvement of suprabulbar neuro-
modulatory inputs converging on the SPG. 
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Neuromodulatory inputs such as those mediated 
by serotonin and noradrenaline may operate at 
the NTS level to regulate the gain of synaptic 
responses to primary afferent input  [  8,   13  ] . 

   Excitatory Amino Acids 

 Deglutitive excitant effects are obtained with 
EAA agonists acting at kainate, alpha-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid 
(AMPA), NMDA, and the metabotropic receptor 
subtypes  [  54,   109–  113  ] . Thus, all types of gluta-
mate (EAA) receptor agonists appear capable of 
exciting the SPG at the NTS level. Because of 
their discrete neuroanatomic localization, orga-
nized nature, and potential rhythmicity, these 
responses have yielded important insights into 
the mode of operation of the SPG. 

   Mapping Studies 
 Due to their high ef fi cacy, EAA agonists, includ-
ing glutamate itself, can be used for constructing 
chemomicrostimulation maps of deglutitive func-
tional organization within the solitarius complex 
(Fig.  7.7 ). Depending on the NTS locus being 
stimulated, a diversity of responses can be elic-
ited, including the complete sequence, its pha-
ryngeal or esophageal components, or fractions 
of the latter  [  85,   110,   111,   113  ] . In keeping with 
electrophysiologic evidence  [  94  ] , deglutitive 
response loci controlling the complete swallow-
ing sequence or its buccopharyngeal stage are 
clustered in an area coextensive with the interme-
diate and ventral subnuclei of the NTS  [  110, 
  111  ] . Other work  [  114  ] , employing  l -glutamate 
pulses in 100–500 times larger ejectate volumes, 
reported swallow response loci extending later-
ally into the interstitial and ventrolateral subnuclei. 

  Fig. 7.7    Map of deglutitive response loci in the rat 
NTS as determined by pressure pulse microejection of 
 l -glutamate or excitatory amino acid agonists. Sites 
included in this analysis typically yield stable highly 
reproducible responses with repeated stimulation and 
are distinctly localized. Open symbols denote single loci 
and  fi lled symbols represent 2–4 overlapping loci from 

separate experiments. In the rostrocaudal series of 
transverse sections through the NTS, the distance from 
the obex is indicated in micrometers.  AP  area postrema, 
 CC  central canal,  NTS  nucleus tractus solitarii,  DMX  
dorsal motor nucleus of the vagus, XII—hypoglossal 
nucleus, IV—fourth ventricle. From M. Amri et al. Brain 
Res 1991;548:144–55 with permission of Pergamon Press       
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Esophageal response loci are clustered in the 
NTSce  [  96,   110,   111  ] , with sites mediating relax-
ation of the gastroesophageal junction lying in 
close proximity  [  113  ] . These observations 
strengthen the idea that the SPG network consists 
of spatially discrete, hierarchically organized 
modules.  

 Focal application of EAA agonists to the rat 
rostral nucleus ambiguus complex and adjacent 
ventral reticular formation typically elicits a sin-
gle contraction of the esophagus, most probably 
re fl ecting direct excitation of motoneurons. 
Depending on the intraambigual site, the response 
may be stationary, more or less restricted to a par-
ticular segment, or propulsive and accompanied 
by a transient pharyngeal relaxation  [  33,   110  ] . 
The latter features suggest involvement of ventral 
swallowing group interneurons closely adjacent 
to motoneurons. 

 Interestingly, esophagomotor responses pro-
duced by application of ionotropic EAA agonists 
to the NTSce region are nonrhythmic in nature 
 [  111  ] , even though afferent stimulation at the 
level of the distal esophagus may result in rhyth-
mic peristalsis  [  66,   95  ] . The NTSce neurons have 
been shown to express mRNA for the NMDA-1 
receptor  [  115  ] . The EAA agonist potency rank 
orders  [  111  ]  are consistent with a prominent role 
for this receptor type in generating NTSce neu-
ronal responses to synaptic input from peripheral 
afferents  [  96  ] . 

 However, some evidence suggests that acti-
vation of metabotropic glutamate receptors 
(mGluRs) produces rhythmic responses  [  112  ] . 
This difference would be explained if afferent 
input via ionotropic EAA receptors were to ini-
tiate activation of higher order sensory interneu-
rons, in particular cholinergic afferents to the 
NTS originating in the RFiz or the NTS itself, 
which would permit or facilitate repetitive activ-
ity of NTSce neurons. Alternatively, nonspeci fi c 
EAA receptor stimulation may cause collateral 
activation of other transmitter systems with 
inhibitory (e.g., GABA,  [  54  ] ) or as yet unde fi ned 
(e.g., neurokinins,  [  116  ] ) actions. Presynaptic 
mGluRs differentially modulate release of 
GABA at NTS second-order sensory neurons 
 [  117  ] .   

   Gamma-Aminobutyric Acid 

 Studies using immunohistochemistry for glu-
tamic acid decarboxylase (GAD), GABA, gly-
cine, and, more recently, in situ hybridization for 
GAD67 and glycine transporter-2 have revealed 
widespread distribution of GABA-ergic neuronal 
cell bodies and terminals, which often colocalize 
glycine in the NTS of rat, cat, rabbit, and sheep 
 [  23,   118–  123  ] . Most of the immunoreactive neu-
rons were found in subnuclei surrounding the 
solitary tract and in NTSis. It is noteworthy that 
mixed GABA-glycine terminals coreleasing both 
transmitters were con fi ned to lateral portions of 
the NTS  [  119  ] . Ultrastructural examination dem-
onstrated mostly symmetric axodendritic syn-
apses and the rare axoaxonic contact. 

 Enhancement of GABA-ergic transmission by 
systemic pharmacologic means results in inhibi-
tion of re fl ex deglutition in the anesthetized cat, 
an action persisting after decerebration and 
reversed by GABA antagonists  [  124  ] . In the rat, 
localized blockade of NTS GABAA receptors 
leads to overt excitation of the SPG. This mecha-
nism of disinhibition accounts for the deglutitive 
stimulant action of the GABAA receptor blocker 
bicuculline and GABA chloride channel blocker 
picrotoxin  [  54,   66  ] . The underlying process of 
autoexcitation appears to involve NMDA recep-
tors and cholinergic input to the NTSce. Thus, in 
subthreshold amounts delivered to this region, 
bicuculline converts S-glutamate-induced mono-
phasic pharyngeal or esophageal responses into 
rhythmic ones, and promotes primary peristalsis 
 [  54  ] . With suprathreshold amounts, peristalsis-
like activity ensues that is abolished by blockade 
of NTS muscarinic acetylcholine receptors  [  54  ] . 

 Evidently, therefore, local GABA-ergic con-
trol provides a tonic background inhibition of the 
SPG that maintains both pharyngeal and esopha-
geal stage premotor neurons in a quiescent state. 
Removal of this inhibition leads to sustained 
autoexcitation, with resultant rhythmic patterned 
motor output under control by these premotor 
neurons. It seems reasonable to infer that the 
underlying processes entail pacemaker-like oscil-
lations of membrane potential in the constituent 
neuronal population  [  65,   125  ] . In pharyngeal-stage 
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interneurons these are probably driven by NMDA 
receptors, and in esophageal-stage interneurons 
by coactivation of NMDA and muscarinic acetyl-
choline receptors  [  52,   113  ] . 

 Furthermore, a GABAA receptor-mediated 
mechanism has been shown to operate at the NTS 
level in distal inhibition of the rat esophagus  [  66  ] , 
that is, the cessation of peristalsis in aboral seg-
ments triggered by distention of the proximal 
esophagus.  

   Acetylcholine 

 Cholinergic transmission is required not only for 
translating motoneuronal impulses into degluti-
tive muscle activity but also for generating or 
shaping the central motor pattern of esophageal 
peristalsis. In the rat, both muscarinic (mAChR) 
and nicotinic (nAChR) receptors have been impli-
cated, the former in NTS premotor control and 
the latter at the motoneuronal level. Stimulation 
of central nicotine receptors in the cat reportedly 
evokes full-length esophageal peristalsis  [  126  ] ; 
however, the precise nature of this response and 
its neural substrates remain to be de fi ned. In the 
rat, nicotine evokes rhythmic swallowing activity 
upon application to the NTS extraventricular sur-
face (W.Y. Lu, personal communication), an 
action likely to result from release of other medi-
ators, because indirect cholinergic stimulation by 
means of antiesterases produces inhibitory effects 
on rhythmic ( fi ctive) swallowing activity  [  8  ] . In 
this species, NTS nicotinic receptor blockade 
fails to affect secondary peristalsis or NTSce 
neuronal responses to esophageal distention  [  96  ] . 
Although atropine is said to block esophageal 
peristalsis also in the sheep  [  10  ] , available evi-
dence from other species, including humans, 
does not clearly bear out a role of central mAChR 
 [  127,   128  ] . 

 The rat NTSce contains a dense terminal  fi eld 
of cholinergic axons  [  77  ] ; to date, the precise 
connectivity of these afferents has not been 
identi fi ed, particularly as regards the RFiz inter-
mediate reticular nucleus  [  78  ] . One probable 
source is nearby choline acetyltransferase-immu-
noreactive neurons straddling the intermediate, 

interstitial, and central subnuclei  [  77  ] . Cholinergic 
input mediated by mAChR plays important inte-
grative functions of NTSce neurons, including 
(1) the coupling between the buccopharyngeal 
and esophageal stages of swallowing  [  54,   110  ]  
and (2) the generation of premotoneuronal  fi ring 
patterns appropriate for the production of both 
propulsive and rhythmic esophagomotor output 
 [  95,   96,   113  ] . Coactivation of NMDA receptors 
appears to be essential. 

 More speci fi cally, focal stimulation via 
mAChR of rat NTSce neurons  [  54,   110,   111,   113, 
  129  ]  gives rise to patterned rhythmic esophago-
motor activity, resembling bolus-induced peri-
stalsis, whereas mAChR blockade impairs or 
eliminates different types of esophageal motor 
responses, irrespective of their mode of elicita-
tion (re fl ex afferent stimulation or central phar-
macologic interventions). Because mAChR 
blockade does not disrupt activation of NTSce 
neurons via vagal afferents  [  96  ] , cholinergic 
transmission at this level may serve to gate 
throughput from re fl ex afferents to motoneurons. 
Esophageal premotor paralysis is accompanied 
by a loss of rhythmicity in NTSce neuron burst 
 fi ring and absent spike activity in AMBc 
motoneurons. 

 Intracellular and whole cell patch recordings 
in medullary slice preparations have shown that 
AMBc neurons respond to focal muscarinic stim-
ulation of the NTSce region with rhythmic depo-
larizing waves or bursts of EPSPs. This in vitro 
rhythm closely resembles that observed in vivo, 
suggesting that esophagomotor rhythm genera-
tion is a potentially intrinsic operation of the 
NTSce–AMBc circuitry  [  113  ] . Nonetheless, in 
the intact system, neuromuscular paralysis (cura-
rization) severely impairs esophagomotor rhyth-
mogenesis  [  95  ] . Reafferent feedback from vagal 
mechanoreceptors (esophageal intraganglionic 
laminar endings [IGLEs],  [  27,   130  ] ) must there-
fore make a critical contribution to that process. 

 The nicotinic cholinoceptors present in AMBc 
neurons mediate a fast inward current and a spike 
burst discharge  [  33  ] . The same receptor gener-
ates an EPSP elicited by focal stimulation of the 
adjacent RFiz  [  86  ] . As yet the role of this input 
remains unclear, because blockade does not 
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impair  fi ctive peristalsis in vivo, nor does it alter 
EPSPs produced by electrical  [  86  ]  or mAChR 
agonist  [  113  ]  stimulation of the NTSce–AMBc 
pathway in slice preparations. Furthermore, 
nAChR-mediated excitation of ambiguus neurons 
is inhibited by somatostatin  [  131  ] .  

   Other Neuromodulatory Inputs 

 The SPG of the rat is susceptible to excitation by 
several other neural messengers, such as sero-
tonin (acting via 5-hydroxytryptamine-2A or 
-1 C receptors), norepinephrine (acting via alpha 
1-adrenoceptors), thyroliberin, oxytocin, and 
vasopressin  [  8  ] . Monoaminergic inputs are likely 
to originate from diverse sources (intra-NTS, 
area postrema, raphe nuclei, locus ceruleus, and 
subceruleus group)  [  5,   8  ] . Some of the peptider-
gic afferents come from the paraventricular 
nucleus of the hypothalamus; other afferents 
may corelease peptides and monoamines. The 
diversity of these inputs re fl ects the range of 
functions (hunger, thirst, nausea, reward, sleep, 
etc.) that in fl uence internal drive levels (central 
excitatory or inhibitory states) of the SPG. 
Moreover, these modulatory systems could serve 
as network links with other neural function gen-
erators, in particular those controlling feeding 
and respiration. A projection presumably sub-
serving such integrative purposes originates 
from hypothalamic orexin neurons and provides 
virtually all NTS subnuclei relevant for degluti-
tion with terminals  [  132  ] . Intriguingly, fourth 
ventricle orexin infusion resulted in particularly 
enhanced Fos expression in NTSce. However, 
swallowing induced by electrical stimulation of 
the SLN is signi fi cantly inhibited by orexin 
 [  133  ] . This suggests stimulation of inhibitory 
interneurons overriding excitatory mechanisms. 
Likewise, microinjection of the anorectic pep-
tide leptin into the rat NTS appears to inhibit 
re fl ex-induced swallowing via a GABAergic 
mechanism  [  134  ] . On the other hand, NTS injec-
tions of the orexigenic peptide ghrelin may 
inhibit re fl ex swallowing  [  133  ]  through reduced 
glutamate release from primary afferent termi-
nals  [  135  ] . 

 Neurotrophins represent another class of sub-
stances modulating swallowing. Injections of 
brain-derived neurotrophic factor (BDNF) into 
the NTS inhibited swallowing elicited by SLN 
stimulation through TrkB-mediated action on 
GABAergic neurons  [  136  ] . 

 Important inferences as to the cellular basis of 
these neuromodulatory responses can be drawn 
from work on rat NTS gastric second-order sen-
sory neurons  [  137  ] . As shown by in vitro imaging 
studies, these cells respond to alpha 1-receptor 
stimulation with slow Ca 2+  oscillations (5/min) 
resulting from the interplay of inositol trisphos-
phate-mediated Ca 2+  release and Ca 2+ -adenosine 
triphosphatase (ATPase) storage pumps of the 
endoplasmic reticulum. Cyclical elevations of 
cytoplasmic Ca 2+  may lead to augmented respon-
siveness to both viscerosensory input and back-
ground excitatory drives. 

 Subnucleus centralis neurons contain NOS 
 [  22,   138,   139  ]  and receive nitrergic afferents 
from both peripheral (but see  [  62  ] ) and central 
 [  140  ]  sources. Preliminary evidence suggests 
that inhibition of NOS increases the respon-
siveness of centralis neurons to muscarinic 
activation  [  112  ]  and blocks a crossed inhibi-
tion in which rhythmic esophagomotor activity 
induced by NTS mACh receptor stimulation on 
one side is suppressed by the identical stimulus 
applied contralaterally  [  141  ] . In cat, intracere-
broventricular administration of the NOS 
inhibitor  l -NMMA signi fi cantly reduced the 
number of re fl ex oropharyngeal swallows and 
the amplitude of peristalsis, particularly in the 
smooth muscle distal, and much less in the stri-
ated muscle proximal esophagus  [  142  ] . Thus, 
NO appears to be an important mediator in the 
SPG. The signi fi cantly different effects of NOS 
inhibition on striated and smooth muscle por-
tions of the esophagus point to anatomically 
and chemically distinct control mechanisms 
for peristalsis in the proximal and distal 
esophagus. 

 Information transfer from NTS esophageal 
premotoneurons to ambigual compact formation 
(AMBc) motoneurons involves a complex inter-
play of glutamatergic fast transmission with 
somatostatin  [  143  ]  and probably also nitric oxide. 
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Somatostatin-mediated modulation of NMDA 
receptors plays a critical role in motoneuronal 
ESPS generation and spike production  [  129  ] . The 
NTSce–AMBc pathway appears to carry pre-
dominantly excitatory  fi bers, suggesting that 
inhibitory inputs to esophageal motoneurons, 
such as that evidenced by deglutitive inhibition of 
esophageal peristalsis  [  66  ] , arise either from 
other NTS subnuclei or from neurons in the bul-
bar reticular formation. Few, if any, of the  fi bers 
in this pathway project to the contralateral AMBc. 
The exact source of crossed projections from the 
NTS to the AMBc  [  84  ]  remains to be identi fi ed. 
Besides a cholinergic nicotinic ACh receptor-
mediated input, the RFiz is a likely source of glu-
tamatergic EPSPs detected in AMBc neurons 
 [  86  ] .   

   Outlook 

 An important general principle to emerge from 
the evidence described in the preceding section is 
the autonomy of the deglutitive coordination 
from peripheral sensory input under certain 
experimental conditions. Evidently, a discrete 
neurochemical stimulus impinging on what con-
stitutes neuroanatomically Doty’s “afferent por-
tal” of the swallowing center  [  4,   12  ]  can substitute 
for encoded sensory input to activate the com-
plete, coordinated swallowing sequence. Because 
this form of afferent input does not provide 
speci fi c timing cues, the central deglutitive net-
work must have the capability of operating auton-
omously, that is, without or with only minimal 
afferent input. Clearly, however, the buccopha-
ryngeal stage motor output is signi fi cantly 
modi fi ed by sensory feedback. Studies in the 
awake human have shown that motor timing of 
the initial stages of swallowing is regulated by 
bolus variables  [  144  ]  and subglottic pressure or 
lung volume  [  145  ]  as well as body posture  [  146  ] . 
Sensory input is of paramount importance in the 
esophageal stage of swallowing  [  11  ] , the rat 
being no exception  [  95  ] . Yet certain aspects of 
motor programming such as rhythm generation 

may be controlled centrally and remain func-
tional in brainstem slice preparations  [  113,   125  ] . 

 Some immediate challenges for future research 
arise from the neurochemical heterogeneity of 
NTSce neurons. For instance, do different neu-
ronal phenotypes engage in speci fi c functions in 
relation to (1) the regional variation in esopha-
geal re fl ex motility; (2) the organization of pre-
motor inhibitory processes; and (3) the diversity 
of projections within the dorsal vagal complex? 
A related intriguing issue is whether central com-
mands to striated and smooth UAT musculature 
are channeled through the same premotor neuron 
pools. Similarly, it would be important to deter-
mine if some of the NTSim pharyngeal premotor 
neurons believed to project to esophageal premo-
tor neurons of the NTSce are cholinergic in 
nature. 

 The nature of transmitters mediating degluti-
tive inhibition presents another enigma: if 
GABA- or glycinergic inhibition were not to 
contribute to intrinsic SPG operations at the NTS 
level, would these processes be con fi ned to the 
RFpc/RFiz? 

 Finally, the issue of multifunctionality in 
swallowing interneurons  [  10  ] , particularly those 
associated with the NTS, poses an unresolved 
problem. Given the potential diversity of inter-
actions between the SPG and other medullary 
function generators, a high degree of sensory 
convergence and divergence of efferent output 
would be expected to occur at the level of sec-
ond-order neurons, including those forming part 
of the SPG. Conceivably, neuromodulatory 
inputs impinging on the SPG network are 
required for channeling network function-
speci fi c patterns of excitation and inhibition 
through the SPG neuropil and associated local 
circuit neurons. In this manner, decoding of sen-
sory input and stabilization of functionally dedi-
cated circuits may be achieved. Besides 
“classical” neuromodulators, e.g., monoamines, 
elucidating the role of orexigenic and anorexi-
genic peptides and of neurotrophins in modulat-
ing swallowing represents an emerging  fi eld of 
research.      
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  Abstract 

 The oral cavity is a chamber surrounded by and containing hard and soft 
tissues, notably the lips, cheeks, tongue, palate, and teeth. The oral cavity 
is the entrance to the digestive, vocal, and (at times) the respiratory tract. 
Thus, the structures of the oral cavity serve multiple functions in speak-
ing, breathing, mastication and swallowing. Mastication, the initial phase 
of digestion, is the primary process of the oral preparatory phase of swal-
lowing. Mastication is primarily controlled by motor pattern generators 
in the central nervous system and modi fi ed by internal factors such as 
dentition and saliva production and external factors such as food consis-
tency. Coordinated motions of the jaws, tongue, soft palate, and hyoid 
bone reduce and moisten ingested food to render it suitable for swallow-
ing, and transport food to the pharynx for bolus aggregation prior to swal-
lowing. Saliva supports mastication by lubricating food during chewing, 
helping to forma bolus optimized for swallowing. Saliva also has protec-
tive functions for oral health. Food properties such as hardness, water 
content,  fl avor, and temperature modify masticatory performance and 
in fl uence the initiation of swallowing.  
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   Development, Anatomy 
and Physiology of the Oral Cavity 

   Anatomy of Structures 

 The oral cavity is a chamber surrounded by hard 
and soft tissues; the lips and cheeks form the 
anterior and lateral walls of the mouth. The upper 
and lower dental arches are inside the lips and 
cheeks. The mandible and suprahyoid muscles 
form the  fl oor of the mouth and the tongue resides 
there. The oral cavity acts as the entrance of the 
digestive pathway as well as the vocal tract and, 
at times, the upper airway. Table  8.1  lists the 
innervation of the muscles of the oral cavity. 
Figure  8.1  shows the anatomy of the oral cavity.   

 The dental arches of the maxilla and mandible 
form the inside walls of the oral cavity. The teeth 
are important for mastication. The incisors cut 
(incise) ingested food, and the molars grind food. 
Masticatory muscles close the jaw and move it 
mediolaterally; the submental muscles open the 
jaw for chewing. 

 The roof of the oral cavity is formed by the 
hard and soft palate. The hard palate is anterior; 

it is the lower part of the maxilla. The posterior 
portion, the soft palate, consists of palatal 
muscles rather than bone. The posterior wall of 
the oral cavity is the fauces. The palatoglossal 
and palatopharyngeal arches form the fauces; 
these are folds of tissue surrounding the palato-
glosssus and palatopharyngeus muscles. During 
nasal breathing at rest, the soft palate rests on 
the tongue surface. When the tongue and soft 
palate come into contact, they seal the oral 
cavity posteriorly, closing the fauces and sepa-
rating the oral cavity from the pharynx  [  1  ] . 
During food processing and oropharyngeal food 
transport, the soft palate rises, opening the 
fauces and providing communication between 
the oral cavity and pharynx  [  2,   3  ] . The aroma of 
the masticated food is delivered from the oral 
cavity to the nasal cavity through the pharynx 
via shifts in air  fl ow associated with mastica-
tory jaw movement  [  4–  6  ] . 

 The hyoid bone plays a vital role in oral func-
tion. Muscles connecting the hyoid bone to the 
hard and soft tissues of the oral cavity, cranial 
bone, thyroid cartilage, and sternum enable jaw 
and tongue movements for mastication, swallowing, 
articulation, and breathing. The submental muscles 

   Table 8.1    Innervations of major muscle   s related to the oral cavity   

 Muscles  Cranial nerves  Muscles  Cranial nerves 

  Masticatory muscles    Palatal muscles  
 Masseter  Trigeminal nerve (V)  Levator veli palatine  Pharyngeal plexus (IX, X) 
 Temporalis  Palatopharyngeous 
 Lateral pterygoid  Palatoglossus 
 Medial pterygoid  Uvulae 

 Tensor veli palatini  Trigeminal nerve (V) 
  Tongue muscles    Pharyngeal muscles  
 Intrinsic tongue muscles  Hypoglossal nerve (XII)  Upper pharyngeal constrictor  Vagus nerve (X) 
 Genioglossus  Middle pharyngeal constrictor 
 Hyoglossus  Cricophayrngeaus 
 Styloglossus  Thyropharyngeus 

 Stylopharyngeus  Glossopharyngeal nerve (IX) 
  Supra-hyoid muscles    Infra-hyoid muscles  
 Mylohyoid  Trigeminal nerve (V)  Thyrohyoid  Hypoglossal nerve (XII) 
 Anterior belly of digastric 
 Posterior belly of digastric  Facial nerve (VII)  Sternohyoid  Cervical nerves (C1–C3) 
 Stylohyoid  Omohyoid 
 Geniohyoid  Hypoglossal nerve (XII)  Sternothyroid 
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such as the mylohyoid, geniohyoid, and anterior 
belly of the digastric, running from the mandible 
to the hyoid bone, form the  fl oor of the mouth. 
The tongue, resting on the  fl oor on the mouth, is 
an isovolumic mass of muscle with no included 
bone or cartilage. The musculature of the tongue 
consists of extrinsic and intrinsic components; 
the former has mechanical connections to the 
mandible, hyoid, and cranial base, while the lat-
ter contains sets of intralingual muscle  fi ber bun-
dles that have no connections to bony tissue. For 
mastication, swallowing, speech articulation, and 
breathing, the intrinsic and extrinsic tongue mus-
cles produce a variety of movements and defor-
mations of the isovolumic tongue associated with 
the motion of the other structures  [  7  ] . 

 The lips and cheeks, which are composed of 
facial muscles, surround the outside of the dental 
arch. There are sulci between the jaws and lips and 
cheeks, called the anterior and lateral sulci. During 
chewing of food, the tongue and cheek push the 
food on the occlusal table during the time the jaw 
opens between closing strokes  [  8  ] . Partially masti-
cated food    can be accumulated in the lateral sulcus 
of the buccinator muscle is paralyzed.  

   Development of Anatomy 

 The anatomy of the oral cavity of infants is dif-
ferent from that of the adults and is more suitable 
for suckling rather than chewing (Fig.  8.2a ). The 
infant has a  fl atter hard palate and fatty tissue in 
the buccinators to permit ef fi cient generation of 
suction (subatmospheric pressure) for suckling. 
Teeth are not yet erupted in the infant so that the 
tongue is positioned between the upper and lower 
alveolar ridges. The volume of the oral cavity is 
small due to the lack of a dental arch, and the 
tongue  fi lls the mouth. The location of the oral 
cavity relative to neighboring structures also dif-
fers between the infant and adult. The larynx and 
hyoid bone are higher in the neck in the infant, 
located posterior to the oral cavity. Because of 
high position of the larynx, the epiglottis is in 
contact with the soft palate (the so-called intrana-
rial larynx that is typical of both adult and infan-
tile anatomy in nonhuman mammals). The oral 
cavity does not directly communicate with the 
pharynx, and the larynx is open to the nasophar-
ynx at rest. Thus, in between swallows, a soft tis-
sue barrier separates the oral cavity and adjacent 

  Fig. 8.1     Frontal view  of the oral cavity       
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oropharynx from the nasopharynx and hypophar-
ynx in the infant (but not the adult). During a 
swallow, the soft palate rises and opens the poste-
rior oral cavity and oropharynx so the bolus can 
enter the hypopharynx.  

 The anatomy of the oral cavity in humans 
changes with development (Fig.  8.2b ). With the 
growth of jaw bones, eruption of the teeth, and 
increase in the depth of the hard palate, the oral 
cavity increases its volume. Primary teeth erupt 
about 6 months after the birth, and the eruption is 
completed around 2 years of age. Permanent teeth 
are exchanged for the primary teeth from around 
6 to 12 years of age. The relationship of the loca-
tion of the oral cavity to the other structures 
changes with development. With increasing depth 
of the oral cavity and elongation of the neck, the 
larynx descends to a position lower in the neck. 
The contact of the soft palate and epiglottis is 
lost, and the soft tissue separation of the oral cav-
ity and oropharynx from the hypophaynx is gone, 
so the oral cavity and oropharynx are open to the 
nasopharynx and hypopharynx.  

   Physiology 

 The oral cavity has multiple functions for masti-
cation, swallowing, articulation, and breathing. 
Those physiological functions are controlled by 
the central nervous system and modulated by the 
input not only from receptors chie fl y in the mouth 
but also in the nose, pharynx, and larynx. 

   Swallowing 
 During drinking of liquid and eating of solid 
food, the pharyngeal and esophageal stages have 
only minor differences (Fig.  8.3 ). The triturated 
bolus of solid food is more viscous than the typi-
cal bolus of liquid and contains particles of 
reduced solid food in suspension. Thus the work 
of swallowing can be greater and the pharyngeal 
and esophageal transit times longer. There is also 
a higher risk for retention of bits of triturated 
solid food in the oral and pharyngeal recesses 
after swallowing. The oral stage and the associ-
ated movements of food in the oral cavity and 
oropharynx are quite different in drinking and 

  Fig. 8.2    Sagittal section of the oral cavity, pharynx, 
larynx in ( a ) infant and ( b ) adult human. ( a ) In infant 
human, the tongue and palate are  fl atter, and teeth are not 
erupted. The volume of the oral cavity is small and the 
tongue occupies the space. The larynx is high in position 
relative to the oral cavity. The epiglottis is in direct 

contact with the soft palate. ( b ) In adult human, the    denti-
tion of the maxilla and mandibular, and deeper hard 
palate increase the volume of the oral cavity and tongue. 
The larynx is lower in the neck, so the epiglottis loses 
contact with the soft palate       
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eating. The physiology of drinking can be 
described with the four-stage model for swallow-
ing a liquid bolus  [  9,   10  ] ; intake of solid food will 
be described below.  

 When drinking liquid from a cup or by a straw, 
the liquid bolus is taken into the mouth and placed 
in the anterior part of the  fl oor of the mouth or 
on the tongue surface until swallow initiation. 
Before the swallow is initiated, the lips and jaws 
are closed and the tongue holds the liquid bolus 
against the hard palate surrounded by the upper 
dental arch. Posteriorly, the fauces is sealed by 
the soft palate and tongue contact to prevent the 
liquid bolus leaking into the oropharynx before 
the swallow. Passage of a portion of the liquid 
bolus prior to swallow onset is relatively com-
mon, however, depending on bolus consistency 
(see Rheology below), especially    in very young 
and elderly individuals and in a wide variety of 
diseases and disorders. In both infants and adults, 
the fauces open when the liquid bolus on the oral 
tongue surface is propelled to the oropharynx. 
When eating solid food, in contrast, the fauces are 
not sealed because the tongue and soft palate move 
continuously during mastication  [  3,   11    ], and the 
food bolus is moved to the pharynx prior to swal-
lowing  [  12  ] . The details of mastication and oral 
food transport are described later in this chapter.  

   Articulation 
 Coordination of the movements of the jaw, 
tongue, lips and hyoid bone change the shape of 
the vocal tract to produce various speech sounds. 
The tongue plays the main role in articulation. 
The coordinated actions of intrinsic and extrinsic 

tongue muscles produce a variety of movements 
and deformations of the isovolumic tongue. 
There is kinematic linkage between the move-
ments of the tongue and jaw during speech and 
feeding  [  7,   11    ]. Most of the extrinsic tongue 
muscles are attached directly to the jaw. Thus 
jaw motion has a substantial effect on the changes 
in shape and position of the tongue  [  13  ] . The 
tongue has dynamic motion during speech and 
swallowing, but the coordination of the move-
ment among different regions within the tongue 
or to jaw movement is different between during 
speech and swallowing. The tongue surface ele-
vates sequentially from anterior to posterior in a 
wavelike manner, propelling the food bolus dur-
ing swallowing. Motions of the jaw, hyoid, and 
tongue are tightly linked during eating and swal-
lowing, both temporally and spatially. This link-
age is much looser during speech  [  14  ] . The hyoid 
bone plays a key role in mastication and swal-
lowing; it has a role in jaw opening during mas-
tication and in pulling the larynx forward during 
swallowing. During speech, however, the move-
ment of the hyoid bone has relatively little 
in fl uence on tongue movement. Tongue move-
ment during feeding has tight temporospatial 
relationships with hyoid movement, but is more 
independent from hyoid movement during 
speech  [  7  ] . The range of motion of the hyoid 
during speech is smaller than during feeding 
 [  15    ]. Motions of the hyoid bone during swallow-
ing in human infants have not been reported. 
In infant miniature pigs, there are minimal 
motions of the jaw and hyoid bone during both 
suckling and drinking  [  16  ] .  

  Fig. 8.3    Schematic drawings of normal swallowing of a 
liquid bolus. The bolus is held between the anterior sur-
face of the tongue and hard palate, in a “swallow-ready” 
position. The oral cavity and pharynx are separated by 

posterior tongue–palate contact. When the swallow is 
initiated, the posterior tongue drops down and the soft 
palate rises, opening the fauces and permitting bolus  fl ow 
from the oral cavity to the pharynx       
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   Respiration 
 In breathing, air may  fl ow through either the nose 
or the mouth, but  fl ow is usually through the nose. 
The soft palate has a critical role in determining 
the route of air fl ow  [  1  ] . During oral breathing, 
the soft palate elevates to open the fauces, sepa-
rating the nasal cavity from the pharyngeal air-
way  [  17  ] . During nasal breathing, the soft palate 
is lowered and rests on the tongue, dilating the 
velopharyngeal isthmus (retro-palatal airway) 
 [  18  ] . Complex activities of several palatal muscles 
determine the position of the palate in respiration. 
The two main muscles for determining palatal 
position are the levator veli palatini and the palato-
glossus. Both muscles are active during oral and 
nasal breathing. However, the levator raises the 
soft palate during oral breathing and the palato-
glossus lowers it during nasal breathing  [  19  ] . 

 The tongue is also critical in controlling upper 
airway patency. The genioglossus is tonically 
active to maintain the tongue position in the oral 
cavity, and is phasically active in breathing, con-
tracting during inspiration. Subatmospheric pres-
sure in the upper airways during inspiration tends 
to collapse the airway by pulling the tongue pos-
teriorly; this action is opposed by phasic contrac-
tion of the genioglossus muscle  [  20  ] .    

   Rheology (Factors to Initiate 
the Pharyngeal Swallow) 

 Traditionally, it was thought that the food is held in 
the mouth during the oral preparatory phases, and 
that the pharyngeal phase of swallowing is trig-
gered when the bolus head passes the fauces  [  10  ] . 
However, food properties, such as the texture, tem-
perature, taste, and volume, alter the timing of the 
swallow initiation and bolus location at the time 
of the swallow initiation (Table  8.2 ). The deter-
minants of swallow initiation have been studied 
extensively, but remain poorly understood.  

 In liquid swallows, viscosity is known to alter 
swallow initiation; modifying the viscosity of liq-
uids is a mainstay of dysphagia rehabilitation. 
As bolus viscosity increases, the oral transit time 
is extended and the time of initiation of the pha-
ryngeal swallow is correspondingly delayed 

 [  21,   36  ] . Adding a thickening agent to a liquid is 
a useful compensatory maneuver for some people 
with dysphagia. The higher viscosity slows bolus 
 fl ow, thus reducing premature leakage of liquid 
from the oral cavity and enabling a bolus position 
higher in the pharynx at swallow initiation. In 
some people, this can reduce or prevent aspira-
tion, but it is by no means appropriate for all 
people with dysphagia  [  22,   37,   38  ] . 

 Taste and chemesthesis can facilitate swallow 
initiation. Chemesthesis is de fi ned as the sense of 
oral irritation mediated by the trigeminal nerve 
and responsible for the perception of the hotness 
of chili pepper, coolness of menthol, and carbon-
ation; it is distinctly different from taste and has 
different neural substrates  [  23,   24  ] . Sour taste 
promotes initiation of swallowing more effec-
tively than the other tastes  [  25–  27  ] . Chemesthetic 
stimuli, such as menthol and capsaicin, facilitate 
swallow initiation as well  [  28,   29  ] . 

 Sequential straw or cup drinking, or drinking 
larger volume (20–50 mL) alters the location of 
the bolus at swallow initiation  [  30–  35,   39  ] . In 
sequential or continuous swallowing of liquid, 
the bolus head typically reaches the valleculae or 
hypopharynx before swallow onset. Thus, the 
timing of swallow initiation for sequential drink-
ing is relatively delayed in comparison to swal-
lowing a single liquid bolus. Infants commonly 
collect milk in the hypopharynx and valleculae 

   Table 8.2    Factors in fl uencing swallow initiation   

 Factor  Effect on swallow initiation 

 Viscosity  High viscosity delays swallow 
initiation  [  21,   22  ]  

 Taste  Sour taste facilitates swallow 
initiation  [  23–  25  ]  

 Chemesthesis  Menthol and capsaicin facilitate 
swallow initiation  [  26,   27  ]  

 Sequential 
drinking 

 Bolus leading edge is usually in the 
valleculae or hypopharynx before 
swallow initiation  [  28–  34  ] . 
Swallow initiation can be delayed 

 Eating solid food  Bolus leading edge is usually in the 
oropharynx or valleculae before 
swallow initiation  [  2  ]  

 Eating two-phase 
food 

 The bolus leading edge is usually 
in the hypopharynx before swallow 
initiation  [  35  ]  
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during one or more suckling cycles prior to swal-
lowing  [  40  ] . 

 The location of the leading edge of the barium 
at the time of swallow initiation is signi fi cantly 
different for eating food than swallowing liquid, 
especially single liquid swallows. Furthermore, 
when eating solid or semisolid food, the move-
ment speed of the bolus in the pharynx and the 
amount and duration of food accumulating in the 
pharynx prior to swallow initiation are different 
among the initial food consistencies  [  2,   41  ] . 
Mastication modi fi es sold food, preparing a bolus 
with physical characteristics appropriate to initi-
ate a swallow  [  42  ] . Prinz and Lucas hypothesize 
that cohesiveness of the food bolus is optimized 
for swallowing and that this depends on the size 
of food particles (a function of mastication) and 
mixing with the proper quantity of saliva  [  42  ] . 
The food particles processed by mastication and 
salivation, having reached optimal cohesiveness, 
are then transported to the pharynx (stage II 
transport) for bolus formation before swallowing. 
The optimized cohesive forces help to maintain 
bolus integrity in the pharynx both before and 
during swallowing, thus reducing the risk of aspi-
ration. Prinz and Lucas further suggested that if 
swallowing is delayed, excessive saliva can  fl ood 

the bolus, separating particles and reducing cohe-
sion, increasing the risk of losing bolus integrity. 
This is similar to the situation that arises when 
eating a biphasic food that includes both soft 
solid and thin liquid components. As predicted 
by Prinz and Lucas, the low viscosity liquid com-
ponent can  fl ow rapidly down to the hypopharynx 
a few seconds before swallowing under the 
in fl uence of gravity, while the solid component 
remains in the oral cavity for food processing 
 [  41  ] . As seen in Fig.  8.4 , when liquid enters the 
hypopharynx during chewing, it approaches the 
laryngeal vestibule at a time when the larynx 
remains open. This may cause aspiration, espe-
cially in cases of dysphagia with impaired swal-
low initiation.   

   Mastication 

   Masticatory Function 

 The Process Model of Feeding describes the pro-
cess of mastication and swallowing. This model 
has its origin in studies of mammalian feeding 
 [  43–  48  ]  and was later adapted to feeding in 
humans  [  12  ]  (Fig.  8.5 ). When eating solid food, 

  Fig. 8.4    Eating    food with both liquid and soft solid phases 
(two-phase food). Selected images from concurrent 
video fl uorographic and  fi beroptic recordings of a healthy 
subject eating corned beef hash and liquid barium.  Arrows  
on the images indicate the leading edge of the barium until 

swallowing. The liquid component enters ( a ) the vallecu-
lae, ( b ) hypopharynx, and ( c ) piriform sinus while chew-
ing continues in the oral cavity prior to ( d ) swallow 
initiation. (e) There is no laryngeal penetration or 
aspiration       
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the food is  fi rst transported to the occlusal sur-
faces of the postcanine dentition (stage I trans-
port). Then, in chewing, the food is reduced in 
size and lubricated with saliva (food processing). 
Triturated food is transported to the oropharynx 
(stage II transport) and collects there (bolus 
aggregation) until swallow onset. Food process-
ing often continues during stage II transport and 
bolus aggregation in the oropharynx. Thus, the 
oral preparatory phase (food processing) and oral 
propulsive phase (stage II transport and bolus 
aggregation) can overlap in time during feeding.  

   Stage I Transport 
 When food enters the mouth, it is positioned on 
the tongue surface. The mouth opens, then the 
tongue carries the food back to the postcanine 
region and rotates laterally, placing it on the 
occlusal surfaces of lower teeth for food process-
ing (stage I transport, Fig.  8.6a ). We call this pro-
cess of carrying the food posteriorly on the 
surface of the tongue a “pullback” mechanism 
of intraoral food transport.   

   Food Processing 
 Food processing immediately follows stage I 
transport. During food processing, food particles 
are reduced in size by mastication and softened 
by saliva until the food consistency is appropriate 

for swallowing. Rhythmic jaw movements for 
chewing continue until all of the food is prepared 
for swallowing, with only momentary pauses for 
each swallow. Cyclic movement of the jaw in 
processing is tightly coordinated with the move-
ments of the tongue, cheek, soft palate, and hyoid 
bone. During food processing, the tongue and 
soft palate move cyclically in association with 
masticatory jaw movement. This keeps the fauces 
open so there is no seal between the oral cavity 
and pharynx  [  2,   3  ] . Jaw closing decreases the 
volume of the oral cavity and pumps air into the 
nasal cavity through the pharynx, delivering the 
food’s aroma to chemoreceptors in the nasophar-
ynx and nasal cavity  [  4–  6  ] . 

 Tongue movement during chewing is tempo-
rospatially linked with masticatory jaw move-
ment during food processing  [  8,   11  ]  (Fig.  8.7 ). 
Tongue movements during processing are large 
in both the anteroposterior and vertical dimen-
sions; jaw movements are similarly large in the 
vertical dimension but smaller in the horizontal 
dimension. During jaw opening, the tongue 
generally moves forward as the jaw opens, and 
backward as it closes. The tongue also moves 
superoinferiorly and mediolaterally and rotates 
on its long (anteroposterior) axis during chewing 
 [  8  ] . These movements help keep the food on the 
occlusal surface of the lower teeth. As the teeth 

  Fig. 8.5    Models for consuming ( a ) liquids and ( b ) solids. 
( a ) Drinking liquid, four-stage model. The bolus is placed 
in swallow-ready position (oral preparatory stage), pro-
pelled from the oral cavity to the pharynx (oral propulsive 
stage), through the pharynx and upper esophageal sphinc-
ter (pharyngeal stage), and  fi nally down the esophagus 
and through the lower esophageal sphincter to the stom-
ach (esophageal stage). Drinking liquids, there is minimal 

temporal overlap between stages. ( b ) When eating solid 
food, the food is chewed in the oral cavity (food process-
ing). Chewing can continue while chewed food is pro-
pelled to the oropharynx (stage II transport, STII) and 
collected there (bolus aggregation) prior to the onset of 
the pharyngeal stage of swallowing. Thus, in the process 
model, food processing and stage II transport (with aggre-
gation in the pharynx) can overlap substantially in time       
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  Fig. 8.6    Schematic images of stage I ( a ) and stage II 
transport ( b ).  Arrows  indicate the direction of tongue 
movement. ( a ) Ingested food is transported to the molar 
region by  pullback  and rotation of the tongue. The food 
does not push upward against the palate. Food processing 
begins immediately after stage I transport is completed. 

( b ) Chewed food is positioned on the center of the tongue 
and transported to the oropharyngeal tongue surface by 
 squeeze-back  of the food by the tongue pressing upward 
against the palate. Stage II transport occurs intermittently 
during food processing so a bolus can gradually accumu-
late in the oropharynx prior to swallow onset       

  Fig. 8.7    Eating and Speaking: graph showing motions of 
an anterior tongue surface marker (tongue), the jaw, and 
the hyoid bone in the horizontal and vertical dimensions 
 [  7  ] . A complete sequence of a healthy subject eating 
banana is shown on the  left ; motion while the same sub-
ject reads a portion of the “Grandfather Passage” is shown 
on the  right .  Upward  on the graphs represents motions 

forward or upward. When eating banana, the tongue 
moves cyclically in horizontal and vertical dimensions. 
Tongue movement showed tight temporospatial linkage to 
jaw and hyoid movements during feeding, especially in 
the vertical dimension. In speech, the displacements were 
relatively small and irregular, and the temporospatial link-
ages among structures were weak       
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approach occlusion during the closing stroke, the 
particle of the food is squeezed off the occlusal 
surfaces of the lower teeth. The tongue and cheek 
alternately push against the medial and lateral 
surfaces of the food, respectively, during jaw 
opening, pushing the food back onto the occlusal 
surfaces. After one or more cycles of the tongue 
pushing the food laterally, the food is shifted to 
lateral sulcus. The cheek then pushes it medially 
to replace it on the occlusal surfaces.  

 During mastication, active    food reduction is 
generally performed on one side of the mouth at a 
time; this side is called the “working side,” while 
the opposite side is known as the “balancing side.” 

Mastication can also be performed on both sides 
simultaneously but this “bilateral mastication” is 
less common. The tongue sometimes carries the 
whole piece or a portion of the food from the 
working side to the balancing side of the mouth 
for brief storage on the balancing side, for bilat-
eral chewing, or to reverse the balancing and 
working sides  [  8  ] . 

 The soft palate moves cyclically during 
chewing, and this movement is temporally (but 
not mechanically) linked to jaw movement  [  3  ]  
(Fig.  8.8a ). The soft palate often elevates intermit-
tently during processing and stage II transport. 
However, the temporospatial relationship between 

  Fig. 8.8    The soft palate in mastication. ( a ) Movements of 
the soft palate associated with masticatory jaw movement. 
The soft palate moves upward as the jaw opens, and moves 
downward as the jaw closes. ( b )  Vertical positions  of the 
soft palate and jaw, and respiration (lower trace) over time 

during mastication.  Upward  on the  fi gure represents 
movement upward or increasing tidal volume. Motion of 
the soft palate is temporally linked to jaw movement but 
not in every motion cycle. Soft palate motion is diminished 
during inspiration       
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movements of the jaw and soft palate during food 
processing is totally different from their relation-
ship during swallowing  [  49  ] . In chewing, the soft 
palate moves upward as the jaw opens and down-
ward as the jaw closes. This masticatory soft 
palate elevation is less frequent during inspiration 
than expiration probably because soft palate ele-
vation is suppressed to maintain retropalatal air-
way patency during inspiration  [  50  ]  (Fig.  8.8b ).   

   Stage II Transport 
 When a portion of the masticated solid food in 
the oral cavity is suitable for swallowing, the 
triturated food is segregated from the particles on 
the occlusal surface and gathered on the dorsal 
surface of the tongue. The food is propelled back 
through the fauces to the oropharynx by the 
tongue squeezing it back along the palate (stage II 
transport, Fig.  8.6b )  [  2,   51  ] . Stage II transport is 
primarily driven by the tongue, and does not 
require gravity, though it is assisted by gravity in 
the upright position  [  41,   52  ] . During stage II 
transport cycles, the tongue squeezes the food 
bolus back along the palate during jaw opening, 
and the soft palate elevates brie fl y after that 
squeeze-back action  [  3  ] . We call this mechanism of 
food transport by pressing back along the palate 
“squeeze back” to differentiate from the pullback 
mechanism of stage I transport, wherein the 
tongue remains in a lowered position so the food 
does not contact the palate. The mechanism for 
the oral propulsive phase when drinking liquids 
is similarly a squeeze-back mechanism. The neu-
ral mechanism underlying stage II transport is 
not known. It is possible that the same neural 
mechanism controls the oral squeeze-back action 
for liquid swallows and for stage II transport of 
masticated solid food. 

 Stage II transport occurs intermittently during 
food processing  [  3  ] , but the frequency of stage II 
transport cycles increases over time from initial 
ingestion toward the swallow. The transported 
food accumulates on the oropharyngeal surface of 
the tongue and in the valleculae. Chewing contin-
ues, and the bolus in the oropharynx is increased 
incrementally by subsequent stage II transport 
cycles. The duration of bolus aggregation in the 
oropharynx ranges from a fraction of a second to 

about ten seconds, and has substantial interindi-
vidual variation  [  2  ] . The bolus aggregation in the 
pharynx ends when a swallow is initiated.   

   Factors In fl uencing Masticatory 
Performance 

 Masticatory performance is basically controlled by 
the central nervous system, but also in fl uenced 
by internal factors such as dentition, bite force, 
saliva production, and external factors such as food 
texture, or other physical properties of the food 
(Table  8.3 ).  

   Dentition 
 Dentition has a signi fi cant impact on masticatory 
performance. Missing teeth, decrease in occlusal 
contact areas, use of removal prosthetic devices, 
and reduction in bite force can reduce masticatory 
performance  [  53,   54,   56–  58  ] . Subjects with a 
decreased number of postcanine teeth or reduced 
functional occlusal contact areas need more chew-
ing strokes compared to subjects with natural 
dentition  [  56,   57  ] . But the particle size of the 
swallowed bolus is larger for subjects with 
decreased dentition or denture wearer due to lower 
masticatory ef fi ciency  [  57,   59  ] . The number of 
occlusal units has signi fi cant in fl uence on the 
swallowing threshold, de fi ned here as the number 
of chewing strokes used to prepare a given piece 
of food for swallowing  [  55,   56  ] . There is a small 
effect of gender or age on masticatory perfor-
mance when eliminating the confounding effects 
of missing teeth or the other illness  [  53,   56,   60  ] . 
On the other hand, there is substantial variation in 
masticatory performance among subjects  [  2,   56  ] . 
The swallowing threshold depends on individual 
performance; there are slow and fast eaters.  

   Food Properties 
 The physical and sensory characteristics of food 
affect feeding behavior including food process-
ing and pre-swallow food transport  [  2,   61  ] . The 
in fl uence of food hardness on chewing behavior 
has been studied extensively using both natural 
foods and arti fi cial test foods. The number of 
chewing cycles and chewing duration to prepare 
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a food for swallowing increase with hardness of 
food. The duration that the masticated food is 
aggregated on the pharyngeal surface of the 
tongue is also extended with greater hardness of 
the food  [  2  ] . Dryness also in fl uences masticatory 
performance. The duration of chewing cycles 
needed to reduce food particle sizes is longer 
with dry foods.    

   Salivary Production 

 Salivary  fl ow has several protective functions for 
oral health; it prevents tooth decay, aids digestion 
by providing digestive enzymes, acts as a buffer 
to protect the mucosa from acids or alkali, moistens 
the oral mucosa, washes out dental plaques, and 
lubricates food during chewing to form an opti-
mized bolus during mastication (Table  8.4 ). 
Healthy adults produce and swallow 1.0–1.5 L of 
saliva per day on the average. The autonomic ner-
vous system controls saliva secretion including 
the balance of serous and mucous  fl uid. Dysphagic 
individuals can have dif fi culty dealing with the 
normal amount of salivary secretion and fail to 
swallow it, resulting in over fl ow aspiration or 
anterior loss of saliva (drooling from the mouth). 
On the other hand, xerostomia or dry mouth after 
radiotherapy can also worsen dysphagia.  

   Anatomy of Salivary Glands    

 Saliva is secreted from the major and minor sali-
vary glands. The parotid, submandibular, and 

sublingual glands are the major salivary glands. 
Saliva secretion is controlled by both sympathetic 
and parasympathetic nervous systems, but mainly 
by the parasympathetic. The parotid is the largest 
salivary gland and is located antero-inferior to 
the auricle. The parotid gland mainly produces 
serous  fl uid. Preganglionic parasympathetic 
 fi bers originate in the inferior salivatory nucleus 
located in the medulla, and synapse in the otic 
ganglion. Postganglionic  fi bers travel to the 
parotid gland in the glossopharyngeal nerve. The 
submandibular glands are located in the digastric 
triangle on each side, bordered above by the 
lower border of the body of the mandible and 
inferiorly by the anterior and posterior bellies of 
the digastric muscle. The sublingual glands are 
above the mylohyoid muscle. The submandibular 
and sublingual glands produce both serous and 

   Table 8.3    Internal and    external factors affecting masticatory function   

 In fl uence factors  Outcome of masticatory functions 

 Internal factors 

 Loss of post-canine teeth; reduced area of functional 
occlusal contacts; or use of dentures 

 Increased number chewing strokes  [  50,   51  ]  
 Larger particle size of the swallowed bolus  [  51,   53  ]  

 Age, gender  A small effect on masticatory performance but signi fi cant 
interindividual difference  [  50,   52,   54  ]  

 External factors 

 Hardness of food  Increased number of chewing strokes 
 Longer duration of chewing and pharyngeal aggregation  [  2  ]  

 Dryness of food  Increased chewing duration, more saliva  [  55  ]  

   Table 8.4    Salivary functions   

 Antimicrobial  Antimicrobial compounds and 
immunoglobulins control normal 
bacteria  fl ora and protect the oral 
cavity from the pathogens 

 Buffering  Bicarbonate system neutralizes 
acids produced by bacteria or 
gastric secretions 

 Digestive  Digestive enzymes (e.g., amylase and 
lipase) decompose starch and lipids 

 Feeding  Saliva releases the taste and  fl avor of 
food during chewing, and lubricates 
the chewed food to facilitate bolus 
formation and swallowing 

 Protective  Mucin coats the oral mucosa 
 Remineralization  Calcium and phosphonate repair 

dental enamel 
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mucous  fl uid. Pregangliotic parasympathetic 
 fi bers originate in the superior salivatory nucleus 
and synapse in the submandibular ganglion. 
Postganglionic  fi bers to the submandibular and 
sublingual glands travel in the facial nerve (corda 
tympani branch). Parasympathetic  fi bers promote 
serous saliva secretion, and a small amount of 
mucous saliva is secreted when the sympathetic 
innervation is stimulated. The minor salivary 
glands are located in the mucosa of the lips, 
cheeks, tongue, and palate. Saliva secretion is 
stimulated by gustatory and mechanical inputs 
from oral mucosa, and modi fi ed by the supraten-
torial region.  

   Function of Saliva 

 Saliva is a liquid containing various elements. 
Antimicrobial compounds and immunoglobulins 
control the normal bacteria  fl ora and protect the 
oral cavity from pathogenic bacteria to protect 
teeth from dental caries. Saliva is a buffer to neu-
tralize acid produced by bacteria or gastric acid 
that may reach the oral cavity via extraesophageal 
re fl ux or regurgitation. Oral digestive enzymes, 
such as amylase or lipase, decompose starch or 
lipid to help digestion. 

 Saliva also plays an important role in feeding. 
Saliva  fl ow rates are increased by the presence of 
food in the mouth and further increased by masti-
cation  [  62  ] . When masticating food, saliva lubri-
cates the food to assist in bolus formation on 
tongue surface before swallowing. The character-
istics of the food also affect the amount of saliva 
during mastication. Dry food facilitates secretion 
of more saliva than does moist food. Saliva is 
also important to perception of taste and  fl avor. 
When particles of food are mixed with saliva, we 
can perceive the taste and  fl avor released from 
the food matrix  [  63  ] .  

   Factors Affecting Saliva Production 

 Salivary gland hypofunction and xerostomia 
(dry mouth) are produced by various factors such 
as Sjögren’s syndrome, and radiation therapy 

for cancer of the head or neck  [  64  ]  (Table  8.5 ). 
The salivary changes are often permanent. 
Various medications with anticholinergic side 
effects hamper saliva  fl ow. Salivary gland hypo-
function and xerostomia, the subjective sensation 
of a dry mouth, lead to deterioration of oral health 
and health-related quality of life. Poor salivary 
 fl ow causes dental caries and periodontal disease 
which can be severe. Patients with xerostomia 
have trouble in eating due to inability to lubricate 
masticated food with resulting dif fi culty forming 
a bolus. Perception of taste and  fl avor sensation 
can also be impaired, with resulting loss of the 
enjoyment of eating.        
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  Abstract 

 Intra-oral deglutitive pressure phenomena has been the topic of fewer 
studies compared to the other members of swallowing apparatus. Available 
studies mostly focus on swallow-induced and non-swallow-induced pres-
sures generated by the tongue. They also address the effect of gender and 
age but rarely the effect of disease on lingual pressure. Available stud-
ies, have described the existence of an infra- lingual pressure phenomenon 
generated by apposition of the muscles of the  fl oor of the mouth and the 
inferior/ventral surface of the tongue, as well as the supra lingual pressure 
phenomenon developed by sequential contact of the dorsum of the tongue 
with the hard palate generating the deglutitive lingual peristalsis that pro-
pels the bolus into the pharynx. Deglutitive activities of the base of the 
tongue contribute to the swallow related pharyngeal pressure phenome-
non and is covered elsewhere.  

  Keywords 

 Deglutitive oral pressure phenomena  •  Supralingual pressure  •  Infralingual 
pressure  •  Taltic lingual  •  Oral pressure complex      

 Based on radiographic observations, a consider-
able amount of information exists about the oral 
phase of swallowing  [  1–  4  ] . However, the regional 
pressure phenomenon within the oral cavity dur-
ing swallowing has been more dif fi cult to study. 
Pressure events during the oral phase of swallow-
ing have a short duration (0.5–1.1 s) and fast rise 
rate. The oral phase of swallowing exhibits a 
wide range of intersubject as well as intrasubject 
pressure variations. 

 The oral cavity exhibits two distinct pressure 
compartments during swallowing: supralingual 
and infralingual  [  5,   6  ] . 
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  Fig. 9.1    ( a ). Supralingual pressures recorded during the 
oral phase of swallowing at the tip of the tongue (T1) and 
at the middle of the tongue (T2). The subject swallowed 
(SW) 5 ml of water. A peristaltic pressure wave is seen to 
propagate from T1 to T2. The wave at T1 is monophasic, 
whereas the wave at T2 has a spike and dome con fi guration, 
( b ). Supralingual and sublingual pressures recorded dur-
ing swallowing of a 20 ml bolus of water. Supralingual 
pressures were recorded at the tip of the tongue (T1) and 
at the middle of the tongue (T2). Sublingual pressure (SL) 
was recorded in the anterior mouth (SL1) and at the mid-
mouth (SL2). With swallowing, a sequential peristaltic 
pressure wave is seen to propagate from T1 to T2. The 
wave at T1 is biphasic. From R. Shaker and I.M. Lang. 
Dysphagia 1994;9(4):221–8 with permission of Springer       

 The supralingual pressure complex is initiated in 
the anterior of the mouth when the tip of the tongue 
contacts in the front portion of the hard palate and 
begins to make sequential contact posteriorly toward 
the pharynx, thereby generating the peristaltic lin-
gual/oral pressure complex (Fig.  9.1 ).  

 The amplitude, duration, and velocity of such 
oral peristaltic waves are not in fl uenced 

signi fi cantly by the volume of a swallowed water 
bolus, whereas the amplitude of such waves is 
signi fi cantly greater with a comparable volume 
of a semisolid such as mashed potato (Table  9.1 ). 
The increase in bolus consistency also seems to 
slow down the velocity of lingual peristalsis. 
During swallowing, the supralingual pressure 
complex demonstrates substantial radial asymmetry. 
The highest pressures are recorded when the 
manometric transducers face the tongue (Fig.  9.2 ).   

 The infralingual pressure complex also shows 
radial asymmetry. The highest pressures are 
recorded with the transducers facing the tongue. 
The infralingual peristaltic pressure waves have a 
longer duration than supralingual waves and 
generally are dome shaped. We propose that the 
sublingual pressure complex is produced by 
apposition of the inferior aspect of the tongue 
with the  fl oor of the mouth, including the genio-
glossal, geniohyoid, and mylohyoid muscles, and 
at the onset of swallowing stabilizes the  fl oor of 
the mouth  [  7,   8  ] . It is likely that contraction of 
these muscle groups explains the manometric 
phenomenon of the infralingual deglutitive 
pressure waves. 

 In the majority of subjects, water swallows, 
regardless of volume, are associated with a pres-
sure wave that is recorded from the proximal part 
of the sublingual compartment and precedes the 
supralingual pressure wave. During dry swallows, 
the pressure waves that occur concurrently in the 
proximal and distal sublingual region coincide 
with the initiation of the pressure wave at the tip of 
the tongue. These  fi ndings suggest that the muscles 
of the  fl oor of the mouth not only support the 
mouth  fl oor, but also, by their early contraction, 
act in concert with extrinsic tongue muscles to 
provide a stable base upon which the tongue is 
able to push the bolus towards the pharynx. This 
notion is consistent with reported electromyo-
graphic data  [  7  ] . Analysis of the concurrent oral 
videoradiography and manometry clearly estab-
lishes that the point of glosso-palatal contact, 
immediately proximal to the tail of the bolus, cor-
responds to the upstroke onset of the peristaltic 
pressure wave recorded by manometry. 
Furthermore, the progression of the bolus tail, as 
seen on video recording, occurs at the same rate as 
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the peristaltic pressure wave recorded manometri-
cally. Sequential caudad contact of the tongue with 
the hard palate constitutes the major propulsive 
force during the oral phase of swallowing. 

 The increase in amplitude of the lingual pres-
sure complexes for the mashed potato swallows 
suggests that feedback modulation related to bolus 
consistency exists between the mouth and the 
swallowing centers in the brainstem. On the other 
hand, the lack of correlation between liquid bolus 
volume and pressure complex amplitude or velocity 
suggests that feedback modi fi cation of intra-oral 
pressure activity is not volume dependent  [  5  ] . 

 Earlier studies have documented signi fi cantly 
reduced isometric tongue pressure in the elderly 
compared to the young without an appreciable dif-
ference in maximal tongue pressure generated dur-
ing swallowing between the two groups  [  9,   10  ] . 

 Nondeglutitive and deglutitive lingual pres-
sure measurements have been used to study the 
effect of age and gender and to determine the 
impact of various exercises and therapeutic 
approaches. 

 Using the Iowa Oral Performance Instrument 
with pressure transducers, tongue strength and 
endurance in 99 healthy volunteers ranging from 

   Table 9.1    Manometric features of supralingual peristaltic pressure waves: composite data from  fi ve normal subjects   

 Bolus  Tongue tips (T1)  Middle tongue (T2)  Transit time (s) 

 Amplitude (mmHg)  Duration (s)  Amplitude (mmHg)  Duration (s)  T1–T2 

 DS (0 ml)  193 ± 16  0.99 ± 0.05  214 ± 18  0.86 ± 0.06  0.23 ± 0.03 
 WS (2 ml)  158 ± 12  1.01 ± 0.05  192 ± 20  0.87 ± 0.05  0.21 ± 0.03 
 WS (5 ml)  171 ± 13  0.96 ± 0.04  247 ± 21  0.82 ± 0.03  0.23 ± 0.04 
 WS (10 ml)  166 ± 10  0.99 ± 0.04  225 ± 16  0.71 ± 0.04  0.25 ± 0.03 
 WS (20 ml)  164 ± 15  0.90 ± 0.02  209 ± 15  0.72 ± 0.04  0.23 ± 0.03 
 MP (5 ml)  383 ± 30*  0.98 ± 0.04  485 ± 52*  0.77 ± 0.03  0.33 ± 0.03 

  Adapted from  [  6  ]  
 Values given as  x  ± SE 
  DS  dry swallow,  WS  west swallow,  MP  mashed potato 
 *Differed signi fi cantly ( p  < 0.05) from WS (5 ml)  
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  Fig. 9.2    Composite supralingual peristaltic pressure 
recorded from the mid-mouth in  fi ve normal subjects. 
Effect of radial orientation of the pressure transducer data 
is plotted as mean ± 1 SE for dry swallows and 5 ml wet 
swallow of water. Pressures recorded inferiorly (INF) 

with the transducer facing the tongue were substantially 
greater ( p  < 0.01) than those recorded in any other radial 
orientation. From R. Shaker and I.M. Lang. Dysphagia 
1994;9(4):221–8 with permission of Springer       
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21 to 96 years of age were studied  [  11  ] . This 
study suggests that tongue strength is gender- and 
age-dependent and follows the same trends as 
hand function. Tongue strength is decreased in 
older individuals and females, while tongue 
endurance is gender- and age-independent. 

 Tongue-palate pressures recorded in healthy 
young adults performing water and nectar-thick 
juice swallows, effortful and noneffortful saliva 
swallows, as well as tongue-palate partial-pressure 
tasks have shown that there are pressure pro fi le 
similarities between tongue resistance training 
tasks and liquid swallows  [  12  ] . 

 Using lingual pressure recording devices, 
investigators have developed training strategies 
to improve tongue strength and pressure-gener-
ation precision in older individuals with dys-
phagia  [  13  ] . 

 In conclusion, during the oral phase of swal-
lowing lingual function produces a peristaltic 
pressure wave which propels the bolus into the 
pharynx. The upstroke of this peristaltic pressure 
wave is temporally associated with the tail of 
the propelled bolus. Preceding the lingual peri-
stalsis is the development of sublingual pressure, 
re fl ecting contraction of the muscles of the  fl oor 
of the mouth. Tongue strength is negatively 
affected by age and gender but can be modi fi ed 
by training exercises. Pressure signatures pro-
duced by lingual function can be used to objec-
tively measure tongue strength and determine 
therapy outcomes.     
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  Abstract 

 Swallowing is a highly complex activity that requires the sensorimotor 
integration and coordination of multiple anatomic structures, muscles, 
nerves and the brain. All of these functional components go through 
healthy chronologically-related anatomical and physiological changes as 
people age. The present chapter aims to focus on the aging changes that 
occur in primarily, but not solely, oral components of the swallowing pro-
cess, highlighting the crucial role of the oral cavity in the initial stages of 
the swallowing mechanism and process. The oral components of normal 
deglutition are described in detail followed by a comprehensive summary 
of all the known motor, taste, sensory and neural changes affecting the oral 
swallow in healthy elders. Although these changes appear to be modest 
and to occur slowly and insidiously in most elders, at times they may sig-
nify reductions in the swallowing functional reserve capacity and endur-
ance, increasing their vulnerability to dysphagia and airway invasion 
secondary to disease and environmental complications. Understanding 
these changes and their underlying peripheral and central mechanisms is 
necessary in  fi nding solutions to treat and even prevent certain conditions.  

  Keywords 

 Effects of aging  •  Oral phase of deglutition  •  Oral cavity  •  Swallowing  
•  Oral presbyphagia  •  Oropharyngeal swallow  •  Coupling and uncoupling  
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    Introduction    

 Aging is a phenomenon with manifestations 
that depend on both environmental and genetic 
in fl uences. The attempt to de fi ne aging and the 
concept of “elderly” can be challenging. Sene-
scence (the preferred term by many scientists) is 
physiologically de fi ned as the biological process 
that typically leads to a functional decline with 
age and ultimately to death  [  1,   2  ] . According to 
the World Health Organization [WHO], most 
developed world countries use the chronological 
age of 65 years as a de fi nition of “elderly”  [  3  ] , as 
the age at which individuals usually start receiving 
pension bene fi ts, although no major speci fi c 
change in physiological processes occur or 
start declining at that precise age. 

 With the time-delayed impact of high fertility 
rates after World War II, and the exciting improve-
ments in healthcare and technology in recent 
years, life expectancy has signi fi cantly increased, 
while death rates at older ages have decreased 
pushing back death to “old old” age. According 
to the US Census bureau, the older US population 
(people aged 65 years and over) grew from 3 mil-
lion in 1900 to 39 million in 2008, and in 2030 it 
is projected to be 72 million, representing nearly 
20 % of the total US population. The oldest-old 
population (those aged 85 and over) grew from 
100,000 in 1900 to 5.7 million in 2008, and could 
grow to 19 million by 2050. These increases are 
the result of great health and technological 
advancements, and bring many joys and satisfac-
tions with them. At the same time, they raise con-
cerns given the certain declines in many 
physiological and systemic functions seen in 
elders, and the need for effective prevention and 
rehabilitation of these declines. 

 The ability to swallow is not only one of the 
main processes that enables us to sustain life, 
but also is a signi fi cant part of the social everyday 
activities of all humans. As leisure time 
increases with the anticipated extended retire-
ments of our increasing elderly population, and 
older adults look forward to more opportunities 
to participate in social activities that include 
eating and drinking, an ultimate irony is the 
anatomical and physiological changes that take 

place, increasing the risk for disordered swal-
lowing with advancing age. Indeed, the loss of 
swallowing function can have devastating health 
implications, including nutrition and hydration 
declines, changes in health status, including 
pneumonia, and increased need for care provi-
sion, especially for older adults. 

 Swallowing is a highly complex activity 
that requires the sensorimotor integration and 
coordination of multiple anatomic structures, 
muscles, nerves, and the brain. All of these 
functional components, however, that are nec-
essary for a complete and functional swallow 
to occur, go through “normal” or healthy 
chronologically related anatomical and physi-
ological changes as people age. 

 The present chapter aims to focus on the aging 
changes that occur in primarily, but not solely, 
oral components of the swallowing process, high-
lighting the crucial role of the oral cavity in the 
initial stages of the swallowing mechanism and 
process. It has to be emphasized, however, that 
the division of swallowing into different stages is 
arti fi cial, as swallowing is truly an integrated, 
dynamic and very rapid oropharyngeal process 
with downstream events, for instance, airway 
protection (e.g., vocal fold closing) occurring 
even simultaneously while food, liquid, and saliva 
are positioned on the anterior tongue initiating 
swallow activity  [  4  ] .  

   Roles of Oral Cavity in Swallowing 

 The oral cavity serves multiple essential func-
tions for human beings. Some of these include 
contributions in speaking, masticating, tasting, 
swallowing, laughing, smiling, and kissing  [  5  ] . 
For swallowing, the oral cavity is the location 
where the swallowing sequence is initiated. As 
already reported, the division of swallowing into 
different stages is arti fi cial. Terms and concepts 
such as oral or pharyngeal stages or phases re fl ect 
the sequential course of bolus transit rather than 
the generally time-linked overlapping physio-
logic events in the oral cavity, pharynx, and lar-
ynx that affect healthy, safe swallowing. For the 
purposes of this chapter, however, this “stage or 
phase” traditional division will be utilized, with 
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the reminder that this is merely organizational for 
our review purposes and is limited, representing 
the sequential morphologic pathway [lips to 
upper esophageal sphincter (UES)] through 
which bolus  fl ows, not capturing the simultane-
ous or overlapping events up or down stream to 
ensure safe and effective swallowing.  

   Physiology of the Oral Stage 
of Swallowing 

 The oral stage of swallowing is reported to 
involve two functional phases, the oral prepara-
tory and the oral transport phases  [  6  ] . 

   Oral Preparatory Phase 

 In the oral preparatory phase, the material, 
which may comprise food, liquid, medication, 
or secretions referred to as the bolus, is prepared 
to be swallowed. This phase is under complete 
conscious control and the duration is variable 
and dif fi cult to predict because it depends on 
bolus-related factors such as viscosity and 
volume, sensory factors including taste and 
temperature, and human status factors such as 
environment, age, hunger, motivation, and con-
sciousness  [  7,   8  ] . For the oral preparatory phase 
to be initiated, sensory awareness of the food or 
liquid presence in the oral cavity, as well as taste 
input to the brainstem and the brain, is crucial 
before motor actions can be initiated. According 
to Blitzer, there are  fi ve motor actions that con-
tribute to the success of the oral preparatory 
phase, once sensation and taste have been 
achieved: labial seal, buccal and facial tone, 
adequate and appropriate tongue movements, 
lowering of the velum, and, when necessary, 
mastication of the material, with lateral and 
rotary motion of the mandible  [  9  ] . 

 Labial seal is achieved by the movements of 
the upper and lower lips after the material has 
entered the oral cavity and is intended to prevent 
anterior loss of the food or liquid from the mouth 
 [  10  ] . During labial seal, an open nasal airway is 
essential to maintenance of breathing  [  11  ] . This 
is accomplished with the lowering of the velum and 

the elevation of the tongue base simultaneously 
also creating a barrier preventing the premature 
escape of the bolus into the pharynx  [  12  ] . 

 Manipulation of the bolus during this phase 
requires movements of several structures that 
occur in temporal proximity. For liquid swallows 
the initial tongue tip motion for bolus manipula-
tion is immediately followed by tongue base ele-
vation, and subsequently by onset of superior 
hyoid bone movement and the initiation of the 
submental musculature activity  [  13  ] . These 
actions are usually completed in sequence and 
occur within approximately 200 milliseconds 
(ms) of one another  [  13  ] . 

 When the food is to be masticated, the oral pre-
paratory phase also can be subdivided into two 
components: an initial transport component, dur-
ing which the tongue contributes to the placement 
of food between the molars and a reduction com-
ponent which involves the segmentation of the 
food into smaller pieces and its mixture with saliva 
to become a bolus  [  14,   15  ] . Saliva production by 
the multiple salivary glands also is important, as it 
will maintain mucosa lubrication and will help 
with food manipulation, transport and digestion.  

   Oral Transport Phase 

 The oral transport phase of swallowing involves 
the transition of the bolus from the mouth to 
the oropharynx  [  16  ] . After the bolus has been 
formed, the tip of the tongue is elevated toward 
the superior alveolar ridge while the soft palate 
elevates and the posterior tongue depresses 
 [  17,   18  ] . The bolus is then propelled to the 
oropharynx as lingual muscles push the bolus 
superiorly and posteriorly  [  9,   17  ] . The onset of 
the oral transport phase is voluntary, but once 
the transport begins, conscious control of this 
phase is reduced. The oral transport phase gen-
erally takes 1–1.5 s to complete, but duration 
might be slightly longer with more viscous 
food  [  11  ] . It has been found that ~150 ms after 
the tongue starts its propelling movement, the 
hyoid bone initiates its anterior motion, imme-
diately followed by epiglottic inversion and 
velar retraction and elevation  [  19  ] . In anticipa-
tion of bolus arrival, the UES starts to open 
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anytime between 400 and 750 ms subsequent 
to the initiation of the tongue propelling move-
ment  [  13  ] . Bolus volume increases cause all 
these actions to occur earlier in time  [  13  ] . 
Events that are initiated during the oral trans-
port phase also are considered to be critical to 
the successful implementation of laryngeal and 
pharyngeal physiological events. Anatomic 
and functional components of the oral prepara-
tory and oral transport phases are included in 
Table  10.1 .    

   Oral Presbyphagia 

 Aging affects swallowing just like it affects most 
other processes of the human body. Changes in 
both the functional and the anatomical compo-
nents of the oral swallow have been reported in 
the literature. However, not all of these changes 
are statistically or functionally signi fi cant. Indeed, 
many healthy older adults can maintain and enjoy 
functional oral health and a completely functional 
oropharyngeal swallow until later in life  [  20,   21  ] . 

 The age-related swallowing changes in healthy 
aging in the absence of disease are collectively 
termed presbyphagia  [  20,   22–  24  ] . These include 
alterations in both the sensory and motor aspects 
of the oropharyngeal swallowing mechanism 
 [  20,   25–  31  ] .  

   Sensory Changes in Oral Swallowing 

   Taste, Smell, and Oral Sensation 

 Changes in taste perception, smell, and oral 
somatic sensation have been identi fi ed in healthy 
elders  [  32–  35  ] , and some of these changes may 
be responsible for several swallowing-related 
declines observed in the older population. 
Although, a direct correlation of reduced chemo-
sensory abilities and oral sensation with aging 
swallowing has not been extensively investigated 
to date, these sensory losses are known to affect 
overall health, quality of life, pleasure levels dur-
ing eating, nutritional choices, and status among 
elders  [  32,   34,   35  ] . Furthermore, chemosenses 
are important in preparing the body for digestion 
by eliciting secretions from the salivary glands, 
and the entire gastrointestinal system, therefore 
playing a signi fi cant role in the digestive tract 
 [  36,   37  ] . 

 Speci fi cally, regarding taste, older healthy 
adults are known to exhibit reduced sensitivity 
for all major tastes, including sour, sweet, bitter, 
salty, and amino acid tastes  [  38–  40  ] . These 
reductions, however, are frequently reported 
only to be modest for older adults free of medi-
cal conditions and/or medication use  [  41  ] . 
Nevertheless, they can be signi fi cant for those 
who receive small or moderate amounts of 

   Table 10.1    Functional and anatomical components involved in the oral stage of swallowing   

 Swallowing phase  Function  Sensors/glands/muscles  Cranial nerves involved 

 Oral preparatory  Sensory awareness and taste  Mechanoreceptors, thermosensors, 
and chemoreceptors 

 V, VII and IX 

 Saliva production  Salivary glands  VII and IX 
 Labial seal  Facial muscles (orbicularis oris)  VII 
 Buccal and labial tone  Facial muscles  VII 
 Tongue movements  Lingual muscles  XII 
 Linguavelar closure  Velar muscles  CN X and pharyngeal 

plexus 
 Mastication  Muscles of mastication  V 
 Initiation of pharyngeal events—
hyoid movement and UES opening 

 Submental muscles and CP  V, IX, X, XI 

 Oral transport  Tongue movements—propelling  Lingual muscles  XII 
 Buccal tone  Facial muscles  VII 
 Velar elevation  Velar muscles  CN X and pharyngeal 

plexus 
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medications even without a profound underlying 
medical condition, which is the case for the major-
ity of older adults  [  34,   38  ] . Additionally, elders 
have been found to perceive a wide range of 
tastes as less intense than young adults  [  42,   43  ] , 
and to have dif fi culty accurately correlating 
increases in concentration of tastant with 
increased perceptual intensity of the stimulus 
 [  41  ] . The cause(s) of these age-related taste 
changes are not known. In some studies ana-
tomical alterations such as reduced number of 
taste buds or papillae have been reported  [  44  ] , 
while other investigations hypothesize changes 
in the taste cell membranes  [  45  ] . In general, 
researchers agree that most taste changes seen 
in elders are secondary to medical conditions 
and medication use and are not primary aging 
consequences. 

 Taste is greatly associated with smell. Not 
infrequently, individuals will report reduced taste 
of a speci fi c tastant, when in fact they may be 
unable to smell it. This is because food in the oral 
cavity is perceived through taste buds, but also 
through its odor which travels retronasally to the 
nasal cavity  [  34  ] . Indeed, changes in smell per-
ception are more signi fi cant with aging than are 
taste changes. Odor recognition thresholds have 
been reported to be 2–15 times higher in healthy 
elders compared with younger counterparts  [  46, 
  47  ] . Discriminating different odors, as well as 
odor recall memory and odor recognition mem-
ory also become more challenging as people age 
 [  35,   48–  50  ] , with approximately 75 % of people 
over 80 years of age reported to have signi fi cant 
dif fi culty identifying odors  [  51  ] . These  fi ndings 
also were recently supported by neuroimaging 
research showing reduced neural orbitofrontal 
activations in elders during odor smelling func-
tional Magnetic Resonance Imaging (fMRI) par-
adigms  [  52,   53  ] . 

 Although taste and smell perceptions are 
decreased in older adults (smell more so than 
taste), oral somatic sensation is relatively 
retained  [  32,   33  ] . In a study by Fucci and col-
leagues, a statistically signi fi cant increase in the 
oral sensation detection threshold with an 
accompanying decrease in lingual sensation in 
elders was found  [  54  ] ; however, increasing the 

duration of the lingual stimulus improved their 
sensory responses  [  55  ] . In a more recent study 
of 60 healthy adults included in  fi ve different 
age groups, no age differences were found in 
thermal or somesthetic sensation and proprio-
ception. Two point discrimination on the lips 
and cheeks seemed to reduce after the age of 80 
 [  33  ] , while tongue and palate sensation remained 
intact.   

   Motor Changes in the Oral Stage 

   Mastication 

 Masticatory performance is relatively maintained 
in old age  [  25,   56,   57  ] . Older adults have been 
observed to require an increased number of chew-
ing strokes and increased time to prepare a bolus 
 [  25  ] . Additionally, breaking down a bolus into 
smaller pieces before swallowing is more fre-
quent in healthy elders over 80 years of age com-
pared with young healthy adults  [  58  ] . However, 
most reduced masticatory abilities seen in older 
individuals have been attributed to tooth loss, 
and/or arti fi cial dentition  [  5  ] . Individuals wearing 
dentures are known to have less masticatory 
strength  [  56,   57  ] , require even more time to mas-
ticate  [  56,   59  ] , and have reduced masticatory 
ef fi ciency by approximately 16–50 %  [  56  ] . When 
normal dentition is maintained until later in life, 
masticatory dif fi culties are usually not seen in 
healthy elders.  

   Saliva Production 

 Saliva serves multiple functions that are impor-
tant for maintenance of oral health, normal 
swallowing, and digestive status. These include 
lubricating the oral tissues and providing mois-
ture to help with food manipulation and swal-
lowing, enhancing speech, helping with 
retention of dentures, cleansing effects of the 
oropharyngeal mucosa, and initiation of diges-
tion of starches  [  60  ] . Histologically, salivary 
glands are structures including fat,  fi brovascular 



142 G.A. Malandraki and J. Robbins

tissue, and acini  [  60  ] . With age, the fat and 
 fi brovascular tissues increase, while acini 
undergo reduction, thus leading to a decrease 
of the glands parenchymal component  [  61,   62  ] . 
Despite these anatomic alterations, there are 
contradictory  fi ndings in terms of the overall 
salivary  fl ow rates of healthy elderly individu-
als. Some researchers report relatively constant 
salivary  fl ow rates across age  [  63  ] , while oth-
ers found age-related reductions  [  64  ] . 
Speci fi cally, when saliva  fl ow is mildly stimu-
lated and un-stimulated, salivary  fl ow rates 
tend to be only mildly reduced in normal 
healthy elders; when stimulation is continuous 
for a short period of time, saliva  fl ow rates are 
comparable to young adults; however, when 
stimulation is prolonged, these rates can be 
signi fi cantly decreased  [  60  ] . 

 Overall indications, in general, show that 
saliva production in healthy elders is suf fi cient 
for most oropharyngeal functions associated with 
it. Despite this, approximately 25 % of elderly 
individuals complain of oral dryness or xerosto-
mia  [  65  ] . It appears that the most frequent cause 
of this complaint is medication use, with research 
showing that there is a clear inverse relationship 
between number of medications received and 
reduction of salivary  fl ow rates  [  66  ] . Other causes 
of xerostomia in elders include Sjogren’s disease 
and radiotherapy exposure after diagnosis of head 
and neck cancer  [  67,   68  ] . 

 The effects of xerostomia on the oral swallow-
ing events of healthy individuals have received 
limited attention to date. A study of 15 young 
healthy adults who were exposed to arti fi cial oral 
dryness (via an intramuscular injection of meth-
ylscopolamine) found increased number of 
chewing strokes for harder solid foods, but no 
difference for softer and chewy materials  [  69  ] . 
Logemann and colleagues also reported that 
chemoradiation-induced xerostomia in head and 
neck cancer patients (3 and 12 months post treat-
ment) affects the sensory properties of eating and 
meal satisfaction, while the physiological bolus 
transport properties remain relatively unaffected 
 [  70,   71  ] .  

   Facial, Lingual, and Oral Contributions 

 Aging is known to be accompanied by tissue sag-
ging under the skin, wrinkling, increase in adi-
pose tissue in the orofacial area, and bony 
prominences  [  72  ] . It is logical that facial mus-
cles—like all muscles in the human body—
undergo atrophy and reductions in muscle  fi bers 
and tone, which result in the aforementioned 
facial symptoms. These changes, however, are 
not known to affect speech or swallowing  [  73  ] . 

 Lingual pressure generation is an important 
contributor to the swallowing process as it enables 
food manipulation and bolus propulsion from the 
oral cavity into the pharynx and into the esophagus. 
Although maximum lingual pressure generated 
during swallowing does not decline signi fi cantly 
with age, maximum isometric lingual pressure 
signi fi cantly decreases  [  28  ] . This suggests that 
young adults have a reserve capacity of tongue 
strength although not utilized during swallowing, 
and that older adults have a signi fi cant decline in 
this reserve capacity  [  28  ] . Therefore, older indi-
viduals have reduced access to such in the later 
years when most needed in response to age-related 
increase in risk factors for dysphagia. It has 
been further indicated that this decline results in 
increased (longer) time to generate peak lingual 
pressures  [  30  ]  during isometric pressure genera-
tion and, perhaps more importantly, during liquid 
swallows. This increase in  time to reach peak 
swallowing pressure  was found to be signi fi cantly 
increased with age for liquids but not semisolids. 
This may, at least in part, explain  fi ndings that 
older individuals aspirate most commonly on 
liquids, which generally have rapid  fl ow rates 
(particularly “thin”  fl uids), as opposed to other 
types of material  [  74  ]  (Fig.  10.1 ). Additionally, 
healthy elders are, in general, slower eaters than 
their younger counterparts  [  20,   26  ] . Etiological 
explanation of these motor declines in fl uencing 
swallowing, partially comes from the evidence 
that sarcopenia is present in the striated muscles of 
the upper aerodigestive tract in old age  [  75–  77  ] . 
Sarcopenia is de fi ned as the age-related reduction 
in muscle mass and cross-sectional area and in 
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the number of selective muscle  fi bers. Strength 
and functional changes demonstrated in the motor 
components of the oropharyngeal swallow have 
been found to be associated with reduction in 
lingual muscle composition  [  78,   79  ] , thus attrib-
uting some of the aging swallowing motor 
changes to the end organ, the muscle.  

 Although there is an abundance of literature 
on age-related changes in skeletal muscle strength 
(though little speci fi c to the head and neck), sur-
prisingly less information exists on the relation-
ship between muscle endurance and aging. 
Muscle endurance is generally described as the 
ability to maintain a required or expected force 
and is operationally de fi ned as “the time to task 
failure for a sustained isometric contraction per-
formed at a submaximal intensity”  [  80  ] . Fatigue, 
an antonym of endurance, is described as the 
failure to maintain a prescribed force and often 
includes components such as “an acute impair-
ment in performance” and “an increase in the 
perceived effort necessary to exert a force”  [  81  ] . 
Fatiguing effects of eating a meal (dining) on 
tongue and swallowing endurance have not been 

extensively examined. To date, most studies have 
focused on a few swallows of controlled barium 
boluses as imaged with video fl uoroscopy. 
Recently, Kays and colleagues examined the 
effects of consuming an entire meal on tongue 
endurance in healthy young and old adults, with 
respect to factors such as meal duration, meal-
related perceptions of effort, and clinical signs of 
swallowing dif fi culty  [  82  ] . Results suggest that 
both young and old adults demonstrate reduced 
tongue strength and endurance post-meal. Young 
adults showed a larger difference between pre- 
and post-meal anterior tongue endurance than 
older adults and had signi fi cantly reduced ante-
rior tongue endurance values post-meal, while 
older men exhibited reduced posterior tongue 
endurance. Interestingly, three subjects, all in the 
oldest age group, demonstrated clinical signs of 
aspiration during the meal. These results suggest 
that the daily act of dining decreases tongue 
strength and tongue endurance in both young and 
old adults, with potentially harmful effects (aspi-
ration) in older individuals due to decreased 
swallowing reserve in the latter group.  

  Fig. 10.1    Time    to reach peak pressure was reduced with 
age for both the isometric task and liquid swallows, with 
no difference found for semisolids, at each bulb location. 

From M.A. Nicosia et al. J Gerontol A Biol Sci Med 
Sci 2000;55:M634–40 with permission from Oxford 
University Press       
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   Timing Events 

 Most studies investigating aging effects on the 
timing of swallowing events have focused on ini-
tiation, also referred to as the “triggering” of the 
pharyngeal swallow and on pharyngeal compo-
nents. However, a few investigators have studied 
the timing of the oral phase in elderly partici-
pants. Speci fi cally, oral transit time has been 
found to be slightly longer in older individuals 
by approximately 200–300 ms when compared 
with younger adults  [  26,   83  ] . Even in healthy 
elders over 80 years of age, this delay is usually 
~250 ms  [  58  ] . 

 Robbins and colleagues tested the hypothesis 
that older individuals may require more time to 
build the pressures necessary (and equivalent to 
young) for oropharyngeal bolus transport, 
thereby increasing oral duration  [  28  ] . Different 
patterns of pressure generation were found only 
in the elders, increasing time to reach peak 
pressure on multiple peaked waveforms gener-
ated during liquid swallows (Fig.  10.2 ). This 
different pattern (multiple peaked waveforms) 
than demonstrated by the younger cohort who 
were able to reach maximum pressure on their 
 fi rst peak led to increased time for the elders to 
reach peak pressure and is termed “pressure 
building”  [  30  ] .    

   Oropharyngeal Swallow, Coupling, 
and Uncoupling: Neural Implications 

 The young, healthy adult oropharyngeal swallow 
is a rapid and well-coordinated series of oral and 
pharyngeal events that occur within milliseconds, 
may overlap and often appear as one very pre-
cisely controlled sequence of activity from start of 
bolus transit to its passage into the esophagus. In 
contrast, a delay in the initiation of the pharyngeal 
response has been reported to be relatively com-
mon in older healthy adults  [  20,   27  ] . This delay or 
lapse in time, during which the oral events have 
been completed and remaining pharyngeal events 
have not initiated, appears as an uncoupling of the 
typical (seen in young adults) single swift oropha-
ryngeal swallow into two time-distinct groups of 
events, functionally separating the oral and the 
pharyngeal events  [  84  ]  (Fig.  10.3 ). Essentially, as 
people age, the more voluntary—more cortically 
regulated—oral events of swallowing become 
neurologically “un-coupled” from the more auto-
matic—brainstem regulated—pharyngeal 
response, suggesting a central neural component 
underlying these declines. The presence of 
increased periventricular white matter lesions has 
been associated with slower swallowing and 
appears to be at least one contributor to the “un-
coupling” process with aging  [  85  ]  (Fig.  10.4 ).   

  Fig. 10.2    Example waveforms of swallowing pressure ver-
sus time, illustrating the method used to determine whether 
a waveform has single ( a ) or multiple ( b ) peaks. Swallow 
( b ) was considered to have two peaks if the ratios, Pmin/P1 

and Pmin/P2, were both less than some value   a  . As the 
parameter   a   is arbitrary, values of   a   = 0.25, 0.5, and 0.75 
were examined. From M.A. Nicosia et al. J Gerontol A Biol 
Sci Med Sci 2000;55:M634–40 with permission       
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  Fig. 10.3    Healthy young swallowing documented with 
video fl uoroscopy. ( a ) Bolus in oral cavity, ready to be 
swallowed. ( b ) Bolus appears as a “column” of material 
swiftly moving through the pharynx. ( c ) Oropharynx 
cleared of material when the swallow is completed. 
Healthy old swallowing documented with video fl uoroscopy. 

( d ) Bolus in mouth ready for swallowing. ( e ) Bolus pooled 
in vallecula and pyriform sinus during delayed onset of 
pharyngeal response. ( f ) Bolus cleared of material when 
the swallow is completed. From J. Robbins. Semin Neurol 
1996;16:309–17 with permission       

  Fig. 10.4    Grade = 1, Lower cortical, single periventricu-
lar  white  matter lesion aka UBO with subcortical region 
( white small )       

 Further evidence for this uncoupling concept 
comes from recent functional neuroimaging 
research. In a recent fMRI study of healthy young 
and older adults, where participants completed one 
swallowing and three swallowing-related tasks, the 
latter group appeared to have signi fi cantly reduced 
activations in primary somatosensory areas and 
areas involved in sensorimotor integration (includ-
ing subcortical areas), while primary motor areas 
remained relatively intact in the old group  [  86  ]  
(Fig.  10.5 ). Pharyngeal components of swallowing 
have been reported to rely more heavily on subcor-
tical networks, whereas oral components are 
known to depend more on cortical sensorimotor 
cortex innervation  [  87  ] . These reduced activations 
seen in healthy elders may explain some of the sen-
sory oropharyngeal age-related declines described 
earlier. Clinically, this is an important  fi nding. If 
future research validates such a relationship, swal-
lowing treatments aimed to improve the sensory 
components of the swallow will have to target the 
neurophysiological underpinnings of such sensory 
declines in order to be effective.   
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   Conclusions 

 Oral anatomy, physiology, and neural integrity 
are intimately and dynamically integrated in the 
healthy oropharyngeal swallow and therefore 
critical to the safe and effective execution of 
multiple everyday functions, including eating 
and speech. Maintenance of oral health is cru-
cial in old age in order to preserve chemosen-
sory and motor function, nutritional health, and 
ultimately quality of life. Anatomic and func-
tional sensorimotor components of oral physi-
ology and the early initial events for swallowing, 
speci fi cally, undergo gradual changes as people 
age. These changes appear to be modest enough 
or occur so slowly and insidiously that sponta-
neous compensation, occurring at a subcon-

scious level, precludes their interference with 
swallowing functionality and safety in most 
healthy older adults. They may, however, sig-
nify reductions in the swallowing functional 
reserve capacity and endurance in elders, 
increasing their vulnerability to dysphagia and 
airway invasion secondary to disease and envi-
ronmental complications. Understanding these 
changes and their underlying peripheral and 
central mechanisms is necessary in  fi nding 
solutions to treat and even prevent certain con-
ditions. Recent developments in imaging and 
electrophysiological methods now facilitate 
study of these changes relatively non-invasively 
and promise to provide breakthrough mecha-
nistic information in order to improve our diag-
nostic methods, treatment, practice patterns, 
and prevention protocols.      
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  Fig. 10.5    Average % signal change in all regions of inter-
est (ROIs) during ( a ) swallowing, ( b ) planning, ( c ) tongue 
tapping, and ( d ) throat clearing in both groups.  Green : 
Young adults’ activation (Group A);  Yellow : Old adults’ 

activation (Group B); circles indicate statistically signi fi cant 
amplitude differences between age groups ( p  < 0.05). 
From G.A. Malandraki et al. Hum Brain Mapping 
2011;32:730–43 with permission from Wiley and Sons       
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   Prenatal Development of Feeding 
and Swallowing Performance 

 Embryologic formation of the oropharyngeal 
cavity, esophagus, and trachea occurs during  fi rst 
8 weeks of gestation  [  1–  3  ] . Subsequent growth 

and remodeling of these structures continues 
throughout fetal development and the  fi rst 2 years 
of life  [  1–  7  ] . Myelination of the cranial nerves 
required for sucking (glossopharyngeal, hypo-
glossal, and facial) occurs by 20–24 weeks gesta-
tion. Thus by about 24 weeks, the apparatus for 
sucking appears to be established. 

 Ultrasound technology has been used to eval-
uate the fetal development of the anatomic struc-
tures involved in feeding and to observe the 
timing of both emergence, and consistent perfor-
mance of movements related to postnatal feeding 
and swallowing  [  6,   8–  10  ]  (Table  11.1 ). This nor-
mative data allows comparison with infants from 
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high-risk groups such as infants of diabetic 
mothers and those with genetic disorders who are 
more likely to have feeding problems after birth.  

 Basic mouthing actions and tongue thrust 
movements evolve to complex actions between 
28 and 34 weeks. Oral-lingual movements appear 
earlier in females  [  6,   7  ] . Irregular sucking evolves 
to rhythmic sucking similar to that seen in the 
newborn by term. This data provides a perspec-
tive on the feeding skills that can be expected in 
preterm infants. 

   Anatomic Changes Impacting Feeding 
in Infants and Children 

 Rapid growth of the oral and pharyngeal cavities 
occurs in the  fi rst several years of life with con-
tinued growth into adulthood. The oral structures 
reach adult proportions earlier than pharyngeal 
structures  [  11,   12  ]  with rapid growth of the pha-
ryngeal structures between 8 and 14 years as 
summarized in Table  11.2 .  

 The differences in size of the oral cavity facili-
tate sucking in the infant. The small size and shape 
of the infant oral cavity are ideal for sucking. The 
buccal fat pads and palate stabilize the lateral and 
superior walls of the oral cavity. To suck, the lips 
close around the breast or nipple, and the tongue 
seals against the pharynx posteriorly forming a 

closed intraoral chamber. Depression of the 
tongue and mandible generates suction up to 
150 mmHg in the oral cavity. As the infant 
matures, the oral cavity enlarges which allows 
manipulation of a pureed or solid food bolus. 
Subsequently, the alveolar ridges and teeth 
develop to facilitate biting and mastication. The 
anatomic relationships then no longer favor suck-
ing but rather promote cup and spoon-feeding pat-
terns. Similar changes occur in the pharynx with 
enlargement of the pharyngeal cavity and descent 
of the larynx. During the  fi rst 2 years of life the 
human larynx remains relatively high in the neck 
with the major descent occurring between 2 and 
3 years of age as the upper border of the larynx 
descends to the level of cervical vertebra C3 and 
the lower border of the larynx to C5  [  13  ] . The 
descent of the larynx prevents the epiglottis from 
approximating the soft palate. Thus, in the mature 
human, even during maximum laryngeal eleva-
tion a region of oropharynx is always located 
above the laryngeal inlet and the airway and diges-
tive pathways cannot be entirely separated. 
Among mammals, this anatomic arrangement is 
unique to the adult human, probably evolving to 
allow the use of the larger tongue surface to form a 
broader range of sounds for communication. 
Unfortunately, the sophisticated neuromuscular 
protective mechanisms, which evolved to prevent 
aspiration, are less robust than the simpler mechan-
ical protection provided by anatomic positioning 
of the larynx above the digestive pathway. Minor 

   Table 11.1    Gestational age of the earliest observation 
and age with consistent performance of skills associated 
with feeding   

 Earliest  Consistent 

 Mouthing action  16 weeks  17 weeks de fi ned 
jaw opening/closing 

 Tongue thrusting  15 weeks  After 21 weeks 
 Swallowing  15 weeks  22–24 weeks 
 Laryngeal 
contraction 

 15 weeks  26 weeks (decreasing 
by 38 weeks) 

 Tongue cupping  16 weeks  28 weeks 
 Tongue protrusion 
“suckling” 

 18 weeks  28 weeks 

 Licking, munching  n/a  31 weeks 
 Rapid, low-amplitude 
sucking 

 n/a  32 weeks 

 Irregular sucking  n/a  34 weeks 

  Reference: Miller et al.  [  6  ]   

   Table 11.2    Growth patterns of oral and pharyngeal 
structures   

 Structure 
 % adult size 

 18 months  6 years 

 Maxillary lip thickness  60  70 
 Mandibular length  55  75 
 Hard palate length  80  90 
 Mandibular depth  65  80 
 Soft palate length  65  80 
 Laryngeal descent  55  65 
 Tongue length  60  70 
 Vocal tract length  55  75 

  References: Vorperian et al.  [  11,   12  ]   



15311 Nascent Oral Phase

anatomic or neuromuscular disorders that are not 
problematic in an infant can compromise protective 
mechanisms when the larynx descends because 
the separation of air and digestive pathways 
becomes more challenging.   

   Factors Impacting Feeding 
Performance in Infants 

 Changes in feeding and swallowing physiology 
are measured by several different performance 
variables. The overall ef fi ciency of feeding is 
dependent on the volume and/or rate of consump-
tion within a speci fi ed time segment. More 
speci fi cally, feeding ef fi ciency is measured relative 
to the suck–swallow–breath sequence in an infant 
and by evaluation of chewing skills in a child. The 
general health and well-being of an infant impact 
their feeding experiences as related to the level of 
alertness, self-regulation, and strength  [  14  ]  and 
any alterations during these developmental periods 
can have considerable impact on the prognosis for 
feeding and swallowing development. 

   Sucking 

 Two types of sucking are observed in infants. 
 Non-nutritive sucking  that comforts and soothes 
the infant and  nutritive sucking  that provides the 
sole source of nutrient ingestion for infants until 
they begin receiving complementary foods 
between 4 and 6 months of age. Because nutrient 
sucking is required for normal growth and devel-
opment, it is the usual variable focused upon for 
evaluation of feeding during the neonatal period. 
Nutritive sucking consists of the rhythmic altera-
tion of suction and expression  [  15  ]  that extracts 
liquid from the breast or bottle for swallowing. 
Suction occurs during jaw depression  [  16  ]  gener-
ating negative oral pressure  [  15  ]  due to the cou-
pling of the soft palate and epiglottis. In addition, 
to this negative pressure the expression of liquid 
occurs due to a positive pressure exerted around 
the nipple during stripping of the nipple between 
the hard palate and tongue  [  15  ] . 

 Measurement of nutritive sucking performance 
has been accomplished with several different 
methodologies including visual observation 
 [  17–  19  ] , volume measurement  [  17,   20–  22  ] , ultra-
sound  [  6,   8,   23  ] ,  fl uoroscopy  [  24,   25  ] , pressure 
transducers  [  21,   22,   26–  28  ] , and electromyogra-
phy  [  29  ] . A variety of parameters that may impact 
feeding ef fi ciency during nutritive sucking 
(amount consumed within a speci fi ed period of 
time) are shown in Table  11.3 . Most of the vari-
ables vary depending upon the age of the infant, 
rate of breast milk delivery from the mother or 
nipple, and physiologic state of the infant. While 
the parameters used to measure individual suck-
ing motions are useful for understanding normal 
patterns of development, coordination of sucking 
with swallowing and breathing is likely more 
important for successful feeding. Three general 
areas are considered for evaluation of nutritive 
sucking: frequency and periodicity of sucking 
events; timing of swallowing events; and respira-
tory patterns (Table  11.3 ).   

   Table 11.3    Quantitative parameters used to evaluate 
feeding and sucking   

  Feeding Ef fi ciency During Nutritive Sucking     
(Volume/Duration)  

  Suck     (Frequency and Periodicity)  
 Suck: # and duration 
 Burst: # and duration 
 Sucks per burst 
 Pauses: # and duration 
 Suck per time period (seconds, minute, entire feeding) 
 Volume per suck 
 Volume per time period 
 Amplitude / Pressures   
  Swallow     (Temporal Physiologic and Bolus 
Flow Measures)  
 Onset of oral movements and bolus transit 
 SSR (suck:swallow ratio) 
 Bolus size 
 Onset of pharyngeal movements and bolus transit 
 Cricopharyngeal elevation and opening/closing 
 Muscle activation and duration 
  Breathe     (Respiration)  
 Respiratory pattern 
 O2 saturations 
 Rest/pause duration 
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   Volume and Length of Feeding in Infants 

 The feeding ef fi ciency of infants is determined if the 
volume of feeding ingested is taken within a rea-
sonable amount of time and is adequate to maintain 
growth and nutrition. If a child is not achieving nor-
mal growth, or is taking a prolonged amount of time 
to ingest adequate calories a feeding problem exists. 
Normal volumes ingested by infants at various ages 
from birth to age 6 months are shown in Table  11.4 .  

 Dollberg and colleagues  [  18  ]  found that bottle-
fed neonates on day of life (DOL) 1 and 2 had 
greater intake and less weight loss. As well, 
infants with greater intake on DOL 1 had greater 
intake on DOL 2 when compared to breastfed 
infants. From DOL 1–4 to 1 month of age, vol-
umes doubled  [  21  ] . On DOL 6, there was no dif-
ference in intake during the  fi rst 4 min of a 
feeding  [  19  ] . As the feeding progressed, bottle-
fed infants demonstrated a linear pattern of intake 
taking 81% of total intake within the  fi rst 10 min 
and 93% by 15 min. Instead, breastfed infants 
demonstrated a biphasic pattern of intake taking 
55% of total intake within the  fi rst 10 min of a 
feeding. However, when eliminating the pause in 
feeding for changing breasts, breastfed infants’ 
intake increased to 83% of total volume in 8 min 
of active eating  [  19  ] . Intake was greater for infants 
6 months of age than 1 month for both breast 
and bottle-feeding with a signi fi cantly shortened 
total duration  [  22  ] . Volume per suck was not 

signi fi cantly different for age or method but 
volume per minute systematically increased with 
age  [  22  ] . Overall, the total duration of feedings of 
those reported lasted no longer than 25 min and 
this duration has been used as a marker for 
ef fi cient feeding in typically developing infants. 

 The nutritive sucking skills used by an infant 
vary and impact the intake during a feeding. For 
comparison of data, number of sucks, number of 
bursts and volume of intake are dif fi cult to com-
pare without reporting of the duration of time that 
these data were monitored since these rates can 
vary from the beginning to the end of a feeding. 
Duration data is not required when comparing 
 fi ndings for the number of sucks/burst (S/B), 
suck/swallow ratio, sucking rate and pressures. 
Table  11.5  summarizes data on term healthy 
infants from  fi rst day of life to 16 months of age. 
Missing data re fl ect differing methodologies.   

   Frequency and Periodicity of Sucking 

 The number of occurrences of sucking events 
over a speci fi ed time period is of interest. The 
frequency of these sucking events includes the 
number of sucks, groups of sequential sucks 
known as “bursts”, pauses, and swallows. The 
speci fi ed time period may include the duration of 
the suck, burst, pause, swallow, and entire feeding. 
All of these measurements impact upon the total 

   Table 11.4    Total oral intake per speci fi ed time   

 DOL/Age  Breast  Duration  Bottle  Duration 

 1 day  9.6 +/−10.3 ml  n/a  18.5+/−9 ml  n/a 
 13+/−16 ml  n/a  n/a  n/a 

 2 days  13.0+/−11.3 ml  n/a  42.2+/−14.2 ml  n/a 
 40+/−23 ml  n/a  n/a  n/a 

 1–4 days  n/a  n/a  44 ml  n/a 
 6 days  67+/−2 ml  25 min  75+/−6 ml  25+/−3 min 
 1 month  n/a  n/a  101 ml  n/a 

 60+/−31.6 ml  (9.5 min) 
 575+/−168 s 

 68.1+/−15.1  (4.3 min) 
 259+/−81 s 

 3 months  81.3+/−39.0 ml  (7.7 min) 
 464+/−180 s 

 90+/−20 ml  (4.5 min) 
 270+/−57 s 

 6 months  108.8+/−42.6 ml  (5.8 min) 
 350+/−147 s 

 122.5+/−21.9 ml  (4.6 min) 
 276+/−103 s 

  References: Casey et al.  [  17  ] ; Dollberg  [  18  ] ; Lucas et al.  [  19  ] ; Qureshi et al.  [  21  ] ; Taki et al.  [  22  ]  (n/a = no reported 
duration)  
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volume consumed within the expected time period 
for adequate growth, nutrition, and development. 
While both volume and duration parameters 
allow for comparison across studies, often one of 
these factors is not reported. 

 Non-nutritive sucking patterns occur at twice 
the rate of nutritive sucking with sucks segmented 
into bursts and pauses  [  31  ] . Nutritive sucking 
occurs with a mean rate of 1 suck per second with 
equally spaced sucks. 

   Table 11.5    Nutritive sucking data for term healthy infants (bottle unless otherwise indicated)   

 DOL/age 
 Duration 
(minutes) 

 Sucks/burst 
(+/−SD or range)  # Sucks  # Bursts 

 Mean 
sucks/min 

 Mean suck 
rate (sucks/s) 
(+/−SD or range)  Pressure 

 1 day  5  10.27 
 (+/−14.56) 

 163.41 
 (+/−91.3) 

 19.26 
 (+/−10.26) 

 n/a  n/a  107.81 
 (+/−47.15) 

 2 days  5  13.04 
 (+/−13.72) 

 216.14 
 (+/−87.1) 

 21.69 
 (+/12.04) 

 n/a  n/a  117.9 
 (+/−41.57) 

 5  13.6 
 (+/−8.7) 

 n/a  n/a  n/a  n/a  100.3 
 (+/−36) 

 1  56 median 
(17.3–66.0) 

 56 median 
(52–66) 

 1  56  0.93  n/a 

 1–4 
 days 

 Full feed  10  n/a  n/a  55  1.10 
 (+/−0.145) 

 n/a 

 4–6 
 days 

 n/a  n/a  n/a  n/a  n/a  1.0 
 (0.8–1.2) 

 n/a 

 21–28
days 

 n/a  n/a  n/a  n/a  41–42  n/a  n/a 

 1 months  Full feed  21  n/a  n/a  68  0.87 
 (+/−0.145) 

 n/a 

 Full feed 
 4.3 a  

 37.7 
 (+/−12.2) 

 290 
 (+/−111) 

 8.3 
 (+/−4.3) 

 67 a   1.1 a   −126 
 (+/−24) mmHg 

 Full feed 
 9.6 a  
 (Breast) 

 17.8 
 (+/−8.8) 

 585 
 (+/−288) 

 33.9 
 (+/−13.9) 

 60.9 a   1.01 a   −155 
 (+/−76) mmHg 

 0–7 weeks  8  77.1  349  10.4  43.6 a   1.14 
 (+/−0.10) 

 −0.102 

 2 weeks to 
2 months 

 n/a  n/a  n/a  n/a  n/a  1.3 
 (1.1–15) 

 n/a 

 3 months  Full feed 
 4.5 a  

 43.3 
 (+/−7.4) 

 315 
 (+/−78) 

 7.3 
 (+/−1.4) 

 70  1.2 a   −137 
 (+/−10) mmHg 

 Full feed 
 7.7 a  
 (Breast) 

 23.8 
 (+/−8.3) 

 606 
 (+/−353) 

 28 
 (+/−18.2) 

 78.7 a   1.3 a   −122 
 (+/−50) mmHg 

 6 months  Full feed 
 4.6 a  

 82.3 
 (+/−22.0) 

 372 
 (+/−131) 

 4.5 
 (+/−1.3) 

 80.9 a   1.3 a   −143 
 (+/−15) mmHg 

 Full feed 
 5.8 a  
 (Breast) 

 32.4 
 (+/−15.3) 

 524 
 (+/−321) 

 18.6 
 (+/−12.8) 

 90.3 a   1.5 a   −131 
 (+/−60) mmHg 

 7–9 
months 

 n/a  n/a  n/a  n/a  n/a  1.5 
 (1.3–1.6) 

 n/a 

 13–16 
months 

 2  228 
 (+/−224) 

 480 
 (+/−128) 

 2.2 
 (+/−1.74) 
(segment 
2–4 min) 

 60 a   1.35 
 (+/−0.179) 

 −0.148 
 (+/−0.069) 

  References: Lang et al.  [  26  ] ; Medoff-Cooper et al.  [  28  ] ; Qureshi et al.  [  21  ] ; Rocha et al.  [  30  ] ; Taki et al.  [  22  ]  
  n/a  not reported or not part of methodology 
  a Estimates calculated from data provided; actual  fi ndings not speci fi cally provided within reference (raw data for duration 
of feeding measured found in Table  11.4 )  
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 An increase in sucking performance is evident 
from DOL 1–2 and throughout early infancy. 
Neonates from DOL 1 to DOL 2 demonstrated 
differences in the number of sucks as more sucks 
occurred on DOL 2 when behavioral state was 
held constant  [  28  ] . The total number of sucks per 
feeding was not signi fi cantly different for age or 
within method but there were a greater number 
of sucks during breast-feeding at 1 and 3 months 
of age than during bottle-feeding  [  22  ] . 

 Sucking performance changes over the course 
of a feeding. The mean number of sucking move-
ments per minute decreased from ~60 to ~35 over 
ten total minutes for infants 21–28 days of age 
 [  32  ] . Mean number of sucks decreased over each 
2 min time segment from an average of 118 sucks 
in the  fi rst 2 min to an average of 58 sucks in the 
last 2 min of an 8 min feeding for infants at birth 
to 7 weeks  [  26  ] . Mean number of sucks per min-
ute also decreased for infants 3–5 months of age 
from ~70 to ~30 sucking movements per minute 
over 15 total minutes  [  32  ] . 

 Bursts are measured as the number of sucks 
produced within a burst (S/B). For a series of 
sucks to be considered a burst, it must contain at 
least one  [  33  ] , two  [  30  ] , or three  [  21,   22  ]  sucks 
and the timing between each of the sucks must be 
2 s or less  [  21,   30,   33  ] . Two  [  22,   27,   30  ]  or three 
 [  26  ]  or more seconds without a suck marks the 
end of the burst. 

 Increases in bursting performance are evident 
from DOL 1–2 and throughout early infancy. 
Neonates from DOL 1 to DOL 2 demonstrated 
differences in the number of bursts as more bursts 
occurred on DOL 2 when the behavioral state 
was held constant  [  28  ] . Generally, a greater num-
ber of sucks per burst occur  [  21,   22  ]  with 
increased duration of bursts occurring as children 
age  [  22  ] . With age and ef fi ciency, the number of 
bursts per feeding and the duration between 
bursts decrease  [  22  ] . Mean burst duration was 
10.14 s (+/−8.61) for infants DOL 1–4  [  21  ] , 
20.99 s (+/−22.65) for infants 1 month of age 
 [  21  ] , and 66.2 (for full cohort of 91 infants) for 
infants 0–7 weeks of age  [  26  ] . More speci fi cally, 
the duration of bursts signi fi cantly increased from 
1 month to 6 months of age for both breast- and 
bottle-fed infants  [  22  ] . Duration of bursts 

increased from 11.2 s (+/− 6.1) to 17.9 s (+/−8.8), 
respectively, from 1 to 6 months of age for breast-
fed infants and from 27.5 s (+/−12.3) to 57.2 s 
(+/−13.5), respectively, from 1 to 6 months of age 
for bottle-fed infants  [  22  ]  and continuing to 
increase with age to 166 s (+/− 154) for a subset 
of 15 infants when retested at 13–16 months of 
age  [  26  ] . Conversely, the total number of bursts 
per feeding signi fi cantly decreased from 1 to 
6 months of age  [  22  ] . 

 Bursting performance changes over the course 
of a feeding. The number of sucks per burst and 
duration of bursts decreased from the  fi rst 2 min to 
the last 2 min of a feeding for healthy term infants 
0–7 weeks of age  [  26  ] . The average number of 
bursts  fl uctuated over a feeding, increasing from 
the  fi rst 2 min to the second 2 min and then declin-
ing over the last 4 min  [  26  ] . The duration of bursts 
signi fi cantly decreased from a mean of 107 s to a 
mean of 64 s over an 8-min feeding  [  26  ] .  

   Amplitude of Sucking Pressure 

 The amplitude of the suck is measured by the 
pressure or force exerted during the suck. These 
measurements are made using pressure transduc-
ers placed in the oral cavity during sucking activ-
ity. The unit of pressure measurement is cmH 

2
 O 

or mmHg. The expressed positive and negative 
pressure indicates the presence of sucking force 
between 0.27 and 1.35 cm H 

2
 O and −3.39 to 

−21.75 cm H 
2
 O  [  9,   30  ]  (Table  11.5 ). Signi fi cant 

differences were reported in sucking pressures 
from DOL 1–2  [  28  ]  yet no differences in sucking 
pressures for age or method of feeding was found 
for healthy term infants 1–6 months of age  [  22  ] . 
However, a reduction in the mean sucking pres-
sure occurred from the start to the end of the 
feeding  [  26  ]  and infants adjust the magnitude of 
pressure to adjust to variable nipple  fl ow  [  21,   34  ] .  

   Suck and Swallowing Timing 
and Coordination 

 The suck–swallow ratio (SSR) is a key measure 
used to during the evaluation of infant sucking 
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performance  [  8,   31  ]  described nutritive sucking 
as a steady rate of one suck per second. Qureshi 
and colleagues (2002) con fi rmed that a 1:1 SSR 
was utilized on nearly 79% (SD 20.1) of sucks 
for neonates (DOL 1–4). The percentage 
decreased to 57% (SD 25.8) with an increase in 
2:1 and 3:1 SSR in the 1-month cohort. This may 
re fl ect the shift from purely re fl exive feeding to 
commencement of more voluntary mediation, 
based on myelination and sensory-motor experi-
ence  [  8,   35  ] . Typically developing infants under 
6 months of age continue to utilize a mean SSR of 
1.74 (+/−1.45) even with growth and experience. 

 Data on typically developing infants without 
feeding or swallowing dif fi culties are limited. 
Temporal physiologic events and bolus  fl ow mea-
sures for swallowing in children from the limited 
data available coincide with adult data based on 
 fl uoroscopy, ultrasound, and EMG. 

 Oral phase durations for liquids did not differ 
by age or method of intake for infants  [  25  ]  
(Table  11.6 ). Oral transit times lasted less than 
1 s. Only Casas et al.  [  36  ]  controlled bolus size. 
Data are presumed to occur during sequential 
swallowing. Higher standard deviations were 
re fl ective of variations in SSRs.  

 Pharyngeal transit time for liquids did not 
differ by age or method of intake for infants  [  25  ]  
(Table  11.7 ). Pharyngeal transit times lasted less 
than 1 s. Total swallow time was 1.48 s without 
age or gender-speci fi c differences  [  24  ] .  

 Newman and colleagues  [  24  ]  studied infants 
under 6 months of age using  fl uoroscopy and 
noted that they collect the bolus equally between 
the midtongue and hard palate (35%) and over 
tongue base within the valleculae (40%) prior to 
swallow initiation. There was no collection or 

hesitation of the bolus in the 20% of infants (four 
children) using a 1:1 SSR. Mild consistent residue 
in the valleculae was also reported. Laryngeal clo-
sure was not observed until the bolus head reached 
the valleculae in younger, bottle-fed infants, and 
until the entire bolus was contained within the 
valleculae for older, cup-fed children  [  25  ] . Isolated 
laryngeal penetration occurred for 97% (33 of 34) 
of typically developing children (mean 4 months; 
7 days–16 months) without history or clinical sus-
picion for swallowing dysfunction undergoing an 
upper GI study  [  37  ] . More speci fi cally, 47% (16 
of 34) of children had laryngeal penetration on 
more than 50% of swallows  [  37  ] . Data were not 
age-speci fi c.  

   Suck and Swallow Coordination 
with Respiration 

 The coordination and breathing patterns during 
nutritive sucking are distinct. Oxygen saturations 
are expected to remain at or above 90% during 
feedings to demonstrate respiratory stability and 
endurance. Healthy term infants on day of life 4 
and 5 were monitored for saturation levels while 
bottle- or breast-feeding. Both groups remained 
at 93% or greater saturation levels throughout the 
majority of the feeding. Mean saturation levels 
were 96 +/−2% for breastfed infants and 95+/−3% 
for bottle-fed infants. Breastfed infants spent 
more than 50% of the feeding above 95% satura-
tion levels and bottle-fed infants demonstrated 
rare drops to 87–89% saturation. Infants falling 
below 90% tended to drop within 5 min of com-
pletion of the feeding rather than occurring dur-
ing a feeding. 

   Table 11.7    Mean pharyngeal tra   nsit time for liquids   

 Duration (seconds = s)  Age 

 0.2 s  Mean 2.2 months 
 0.66 s (0.46–0.89)  <6 months 
 0.55 s  Mean 10 months 
 0.2 s  Mean 3 years 
 1.0 s (+/−0.58 s)  6–12 years 

  References: Casas et al.  [  36  ] ; Newman et al.  [  24  ] ; 
Weckmueller et al.  [  25  ]   

   Table 11.6    Mean oral transit time for liquids   

 Duration (seconds = s)  Age 

 0.7 s  Mean 2.2 months 
 0.88 s (0.26–4.67)  <6 months 
 0.6 s  Mean 10 months 
 0.8 s  Mean 3 years 
 0.64 s (+/−0.17 s)  6–12 years 

  References: Casas et al.  [  36  ] ; Newman et al.  [  24  ] ; 
Weckmueller et al.  [  25  ]   
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 The intricate coordination of breathing cessa-
tion for swallowing is crucial for safe feeding. This 
interruption in breathing during swallowing is 
called  swallowing apnea . Infants with tachypnea 
due to underlying pulmonary or cardiac disease 
often are unable to cease respiration for a long 
enough period to permit swallowing. This results 
in poor feeding ef fi ciency with inadequate nutrient 
ingestion. Respiration patterns during swallowing 
in healthy term infants changes rapidly over the 
 fi rst year of life. Neonates within the  fi rst 48 h of 
life predominately swallow mid-expiration  [  38  ] . 
Infants between 9 and 12 months of age predomi-
nately swallow after expiration matching adult-
like patterns  [  38  ] .   

   Drinking 

 Children transition from sucking from breast or 
bottle at variable ages. By 1 year of age most 
children can drink ef fi ciently from a cup. The 
measurement variables used to evaluate drinking 
in adults are generally applied to describe liquid 
ingestion during this transition period. As in 
adults, it appears that children can accomodate to 
variable sizes of bolus. In adults, liquid bolus vol-
ume size ranges from 1 ml (saliva bolus) to 
17–20+ ml during cup drinking. This variabilty is 
accomplished by accomodating the large bolus 
volume size in a deeper cavity formed within the 
tongue  [  39,   40  ] . 

 Understanding the developmental progression 
needed to accommodate differing or increasing 
bolus size in children is an important consideration 
when assessing and treating children with feeding 
and swallowing dif fi culties. Measures include 
bolus volume per sip and number of swallows per 
measured bolus along with duration and magni-
tude of muscle activation as related to discrete and 
sequential swallowing, viscosity, and method   . 

   Discrete Swallows in Children 

 Distinct differences in the volume of thin liquid 
consumed per swallow vary by age and method 
of study. On average, preschool-aged children 

handle a 5 ml bolus of thin liquid during an indi-
vidual swallow. The average volume per swallow 
increases with age for thin liquids (Table  11.8 ). 
Increasing resistance by drinking low viscosity 
liquids through a smaller diameter straw resulted 
in smaller volume swallows. However, when a 
high viscosity liquid was given, alterations in 
straw size had less of an effect on bolus size 
which was reduced compared with low viscosity 
bolus size.  

 Volume per swallow is also impacted by the 
amount given and between natural sips versus 
experimental tasks  [  47  ] . This likely correlates to 
the reduction in the average volume per swallow 
(0.85 ml, 2.14 ml, 4.06 ml, 6.13 ml) in 5-year-
olds when given a measured bolus (i.e., 1, 3, 5, 
10 ml) versus when instructed to take a sip from 
a larger presented volume  [  44  ] .  

   Sequential Swallows in Children 

 Sequential swallowing is evaluated by determining 
the number of swallows used to ingest a known 
volume. Four to 8-years-old children average a 
volume of 4.8 ml per swallow while 9–12-year-old 
children average volumes of 7.2 ml per swallow 
 [  45  ] . Five-year-old children use an average of 
1.63 swallows for 10 ml, 1.23 swallows for 5 ml, 
1.4 swallows for 4 ml, and 1.17 swallows for 1 ml 
 [  44  ] . A signi fi cant difference was found for 1 and 
5 ml bolus compared to the 10 ml bolus. The 

   Table 11.8    Average bolus size per discrete sip of thin 
liquid in typically developing children   

 Age (years)  Method  Mean volume (ml) 

 2–5  Straw (2.8 cm)  4.9 
 2–5.5  Cup (6.5 cm)  5.4 
 3.5–5.5  Cup  7.34 check 

method as outlier a  
 4–5  Cup  5.5 
 6–8  Cup  6.5 
 9–12  Cup  7.2 
 Narrow diameter straw and cup 
 2–5  Straw (0.7 cm)  3.3 
 2–5.5  Cup (1.5 cm diameter)  1.7 

  References: Lawless et al.  [  41  ] ; Ruark et al.  [  44  ] ; Steele et al. 
 [  43  ] ; Vaiman et al.  [  45  ] ; Watson et al.  [  46  ]   
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average volume per swallow was calculated from 
these data (number of swallows divided by mea-
sure bolus) in order to compare to the discrete 
swallow data.  

   Muscle Activation Patterns 

 Electromyographic (EMG) studies of muscle 
activation pattern and duration, in 5–8-year-old 
children found systematically increased muscle 
duration activity as bolus viscosity was increased 
that is the lowest magnitude of muscle activity 
occurred with thin liquid swallows (1.0 s submen-
tal activity; 1.0 s laryngeal strap activity). The 
average duration of muscle activity was typically 
shorter in children than adults for all consistencies 
studied except for pudding, where an adult-type 
pattern of muscle activation was noted  [  44  ] . 

 The duration of muscle activation was longer 
for both discrete and sequential swallowing in 
children. This increase was due to the highly 
variable oral stage duration (Table  11.9 )  [  45  ] . 
Overall, in sequential swallowing the duration of 
muscle activation was shorter than in discrete 
swallows.    

   Development of Chewing Skills 

 As children develop over the  fi rst year of life, they 
are reliant on chewing and swallowing solids as 
an increasingly major portion of their nutritional 
intake. As with nutritive sucking, a variety of 
parameters may impact feeding ef fi ciency during 
chewing. Most of the parameters vary depending 
upon the age of the child and type of food texture 
studied. Measurement of chewing performance 
has been accomplished with several different 

methodologies including visual observation  [  45, 
  48,   49  ] , timing  [  50,   51  ] , pressure transducers  [  52, 
  53  ] , kinematics  [  54–  56  ] , and electromyography 
 [  54,   57  ] . Current  fi ndings reveal age-related 
changes and expectations  [  1,   2  ] . 

 Three general areas are considered for evalua-
tion of chewing: frequency and periodicity of 
chewing events; timing of swallowing events; and 
respiratory patterns. The frequency and periodic-
ity of chewing events will be discussed here. 

 Chewing requires coordinated muscle activa-
tion and movement patterns of the jaw and lips 
and lip closure. Measures of muscle coordina-
tion, lip strength, chewing ef fi ciency and rate are 
typically used to evaluate chewing skills. Muscle 
activation patterns for chewing have been studied 
using both electromyography and kinematic 
approaches in both children and adults. Reciprocal 
activation of antagonist muscle groups, distinct 
from speech activation patterns, is found in both 
children and adults  [  54,   57  ] . This pattern is evi-
dent as early as 9 months of age  [  57  ] . Previous 
dogma based upon limited visual observation 
described the development of chewing patterns 
as a uniform predictable process for infants and 
children  [  8,   49  ] . However, these studies used less 
sensitive methods that were unable to capture 
age-related change and alterations in bolus vis-
cosity such effecting jaw speed and movement 
patterns. 

 Recent studies using kinematic tracings and 
speed measures have shown continued re fi nements 
of chewing skills until at least age 3 years. As the 
child develops, the horizontal component of jaw 
motion, that is the jaw motion used in rotary chew-
ing, and chewing speed are reduced with presenta-
tion of pureed foods suggesting re fi nement of 
motion. Nine to 18-month-old children are unable 
to modify jaw movements and force to adjust to 
the consistency of foods  [  56  ] . By 18 months of age 
children alter jaw movements and bite force for 
puree but the ability to adjust jaw movements dur-
ing chewing of solid consistency (e.g., Cheerio) is 
not present even at 30 months of age, indicating 
that rotary chewing remains poorly developed at 
this age. These observations contrast with the 
previous established belief that children develop 
chewing as a primary vertical motion during 

   Table 11.9    Duration of muscle activation during thin 
liquid swallow   

 Age (years) 
 Discrete 
swallow (s) 

 Sequential swallow 
(seconds/swallow) 

 4–6  4.9  1.75 
 6–8  4.5  1.64 
 Adult  3.37  1.51 

  Reference: Vaiman et al.  [  45  ]   



160 A.L. Delaney and C. Rudolph

infancy and progress to lateral and rotary chewing 
motions by the second year of life. 

   Chewing Ef fi ciency 

 Gisel and colleagues performed landmark studies 
evaluating chewing ef fi ciency changes as children 
age  [  50,   51  ] . Children use fewer chewing cycles 
(each cycle consists of one down and up move-
ment of the jaw) this shortens the duration for 
ingestion of a solid as children progress through 
a transitional feeding period when pureed and 
solid foods are introduced  [  50  ] . Chewing patterns 
and ef fi ciency stabilize sometime after 3 years of 
age based on a de fi nition of stabilization, that is a 
consistent pattern is established across two age 
groups  [  50  ] . EMG measurements also show that 
there are shorter bursts of muscle activation dur-
ing chewing by older children when compared 
to chewing activity in younger children  [  54  ] . 
Chewing cycles are de fi ned as an upward and 
downward movement of the chin. Time/cycle 
ratios are de fi ned as the total time, from the 
moment food is placed in the mouth until the  fi nal 
swallow occurs and is divided by the number of 
cycles counted for the period (Table  11.10 ).  

 Gisel also observed that the duration for chew-
ing solids exceeds that of purees  [  51  ] . Time/cycle 
ratios were generally between 1.0 and 1.5 for all 
textures with no signi fi cant differences found in age 
group or texture tested  [  51  ] . The only gender differ-
ence observed was that girls took more time to chew 
solids than boys  [  51  ] . This  fi nding may re fl ect more 
global eating behavioral differences between 
genders. With altered textures across genders the 
duration of chewing may be signi fi cantly different 
but the time/cycle ratio remained constant.  

   Chewing Rate 

 Gisel’s  [  51  ]  initial observations have been 
con fi rmed by others with demonstration of con-
sistent chewing rates of approximately 1 Hz per 
second regardless of age or texture  [  54,   57,   58  ] . 
Since chewing duration and the number of cycles 
used to chew decrease with age, this suggests that 

even infants just learning to chew, do so at the 
same rate as adults across textures  [  55  ] . 

 Delaney  [  48  ]  recently revealed trends in the 
development of the movement patterns of individ-
ual oral-motor movements studied in 63 typically 
developing infants. The emergence and mastery of 
52 oral    skills was studied  fi nding that infants 
8–12 months of age similarly performed 21 of 52 
skills regardless of age, texture, and experience. 
These  fi ndings demonstrated that skills emerge 
and plateau before 8 months of age, which refutes 
the conventional wisdom that oral skills for feed-
ing develop in a step-wise process over the  fi rst 
year of life. Overall, there were fewer differences 
in performance than expected across the age 
groups  [  48  ] . 

 Other aspects of chewing skill performance 
will not be addressed here. In brief, lip and tongue 
strength increase with age without signi fi cant 

   Table 11.10    Chewing duration in seconds for 6–24-month-
old typically developing children by food texture   

 Age 
 Time (seconds) (approximated) by texture 

 Puree  Viscous-large  Viscous-small  Solid 

 6 months  8  11  11  41 a  
 8 months  7  10  7  32 a  
 10 months  6  8  8  26 
 12 months  6  9  8  25 b  
 18 months  4  7  6  18 b  
 24 months  5  7  6  17 

 Age 
 Number of cycles (approximated) by texture 
 Puree  Viscous-large  Viscous-small  Solid 

 6 months  5  10  10  30 
 8 months  4  9  6 a   24 
 10 months  3.5  8  8 a   22 a  
 12 months  3 a   6  5 b   17 a, b  
 18 months  2 a   5  4 b   13 b  
 24 months  2  5  5  14 

  Number of cycles used to chew for 6–24-month-old typi-
cally developing children by food texture 
 Normative data were reported for chewing duration, num-
ber of cycles used to chew and time/cycle ratios for age 
and consistency. Times and cycles were approximated 
from the bar graphs provided in the article, as speci fi c 
times were not reported 
 Adapted from Gisel  [  53  ]  
  a Notation indicates signi fi cant differences between two 
consecutive age groups 
  b Notation indicates signi fi cant difference between two 
consecutive age groups  
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gender differences  [  52,   53  ] . Midline lip pressure 
and tongue strength decreased in variability with age. 
Other observational studies detail changes in skill 
development and performance  [  48,   51,   59,   60  ] . 

 Nutritive sucking and chewing performance 
are measured in different ways. Age and texture-
related changes exist and should always be con-
sidered when evaluating and treating infants and 
young children. Continued research will help to 
further de fi ne normal developmental parameters 
and advance evidence-based practice.       
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   Development 

 The pharyngeal apparatus begins embryologic 
development from the foregut at week four of 
gestation. It consists of a paired network of  fi ve 
arches, clefts, and pouches that develop as a 
series of mesodermal outpouchings on the sides 
of the pharynx. The  fi fth arch is vestigial and is 
nonexistent in humans. The structures, therefore, 
are named the  fi rst, second, third, fourth, and 
sixth pharyngeal arches. Each arch contains a 
cartilaginous bar, a cranial nerve, muscle, and 

artery. The arches are separated by endodermally 
lined pouches and ectodermally lined clefts 
(Fig.  12.1 ). The  fi rst arch develops into the max-
illary and common carotid arteries, the mandible 
and maxilla, the muscles of mastication, the man-
dibular division of the trigeminal nerve, the 
mylohyoid, the anterior belly of the digastric, the 
tensor tympani, and the tensor veli palatini mus-
cles. The second arch develops into the stapedial 
artery, the facial nerve, and part of the stapes, 
incus, malleus, styloid, and stylohyoid ligament, 
and lesser cornu of the hyoid bone. Muscular 
derivatives of the second arch include the muscles 
of facial expression, the posterior belly of the 
digastric, the stylohyoid, and the stapedius mus-
cles. The third pharyngeal arch develops into the 
common and internal carotid arteries, the greater 
cornu of the hyoid bone, the glossopharyngeal 
nerve, and the stylopharyngeus muscle. The 
fourth arch develops into the aortic arch and 
right subclavian artery, the epiglottis and thyroid 
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 cartilage, the superior laryngeal nerve, the pha-
ryngeal constrictors, cricothyroid, and levator 
veli palatini muscles. The sixth arch develops 
into the pulmonary arteries, the cricoid and 

arytenoid cartilages, the recurrent laryngeal 
nerve, and the intrinsic muscles of the larynx.  

 The pharyngeal pouches develop between 
the arches. The  fi rst pouch develops into the 

  Fig. 12.1    Human embryo at 4 weeks gestation showing the branchial arches and their derivatives. 1A =  fi rst branchial 
arch, 2A = second branchial arch, 3A = third branchial arch, 4A = fourth branchial arch       
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eustachian tube and middle ear, the second 
pouch into the palatine tonsil, the third pouch 
into the inferior parathyroid and thymus glands, 
and the fourth pouch develops into the superior 
parathyroids and the parafollicular cells of the 
thyroid gland.  

   Anatomy 

 The pharynx extends from the skull base to the 
inferior aspect of the cricoid cartilage. It is divided 
into the nasopharynx, oropharynx, and hypophar-
ynx (Fig.  12.2 ). The mucosa of the nasopharynx is 
ciliated pseudostrati fi ed columnar epithelium and 
resembles that of the nose. The mucosa of the 
lower pharynx is strati fi ed squamous epithelium 
similar to that of the mouth. The muscular tube of 
the pharynx is made up of a set of three pharyngeal 
constrictors covered by a layer of buccopharyngeal 

fascia. The space between the buccopharyngeal 
fascia and the alar fascia is called the retropharyn-
geal space. The space between the alar fascia and 
the prevertebral fascia is called the danger space. 
Unlike the retropharyngeal space, the danger space 
lacks a midline raphe and infection can spread 
easily to the mediastinum. All of the muscles of 
the pharynx except the stylopharyngeus (CN IX) 
are innervated by the pharyngeal plexus of the 
vagus nerve.   

   Nasopharynx 

 The nasopharynx extends superiorly from the 
occipital bone of the skull base to the superior 
surface of the soft palate inferiorly. It is bound 
anteriorly by the choanae of the nasal cavity, 
superiorly by the skull base, inferiorly by the 
junction of the hard and soft palate, and posteriorly 

  Fig. 12.2    Subsites of the pharynx. Henry Gray (1825–1861). Anatomy of the human body 1918       
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and laterally by the superior pharyngeal con-
strictor, levator veli palatini, tensor veli palatini, 
and salpingopharyngeus muscles (Fig.  12.3 ).  

 The contents of the nasopharynx include the 
pharyngeal tonsil (adenoid) and the eustachian 
tube. The pharyngeal tonsil forms the posterior 
superior aspect of an incomplete ring of lym-
phoid tissue called Waldeyer’s ring. This ring is 
made up of the palatine tonsils laterally, the lin-
gual tonsils anteriorly, and the pharyngeal tonsil 
(adenoid) posterosuperiorly. Enlargement of the 
pharyngeal tonsil can lead to chronic nasal 
obstruction, otitis media, and speech disturbance. 
The eustachian tube is approximately 3.5 cm in 
length. It connects the nasopharynx to the middle 
ear cavity and consists of an anterior cartilagi-
nous and a posterior osseous component.  

   Oropharynx 

 The oropharynx extends from the soft palate to 
the hyoid bone (Fig.  12.2 ). The anterior borders 
of the oropharynx include the anterior tonsillar 
pillars laterally, the foramen cecum inferiorly 
(dividing the anterior 2/3 of the tongue from the 
posterior 1/3 of the base), and the junction 

between the hard and soft palate superiorly 
(Fig.  12.4 ). The posterior and lateral boundary 
of the oropharynx is the superior and middle 
pharyngeal constrictors, innervated by the pha-
ryngeal plexus of the vagus nerve (CN X). The 
superior, middle, and inferior constrictor muscles 
create the tubular pharynx and join in a posterior 
midline raphe. The superior pharyngeal constric-
tor muscle has complex attachments to the buc-
cinator muscle, the mandible, and the tongue 
base. From the pharyngeal wall, the stylopharyn-
geus muscle extends up to the styloid process of 
the temporal bone. This muscle, along with the 
palatopharyngeus muscle, assists in vertical 
shortening of the pharynx during deglutition. 
The human constrictor muscles are comprised 
of a slow inner layer of muscle  fi bers, innervated 
by the glossopharyngeal nerve (CN IX), and a 
fast outer layer of  fi bers, innervated by the vagus 
nerve (CN X)  [  1  ] . This fast outer layer is felt to 
be more important in deglutition, while the slow 
inner layer likely plays a more prominent role in 
respiration and speech. The inferior border of 
the oropharynx is demarcated by the tip of the 
epiglottis. The epiglottis is connected to the 

  Fig. 12.3    The boundaries of the nasopharynx seen on 
 fl exible endoscopic view though the right posterior nasal 
aperture (choanae). The boundaries are the base of skull 
superiorly, the torus tubarius, eustachian tube ori fi ce (E), 
and the salpingopharyngeal fold ( arrowheads ) laterally, 
the superior pharyngeal constrictor posteriorly, and the 
choanae anteriorly       

  Fig. 12.4    The boundaries of the oropharynx seen on 
 fl exible endoscopic view through the mouth. The anterior 
border is the palatoglossal fold (anterior tonsillar pillar—
 black arrows ). The posterior and lateral boundary is the 
superior and middle pharyngeal constrictors (PC). The 
inferior border is the foramen cecum (not seen on this 
image) and the superior border is the junction of the hard 
and soft palate ( asterisks ) just above the uvula (U)       
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tongue by the median glossoepiglottic ligament 
and the paired lateral glossoepiglottic ligaments 
(Fig.  12.5 ). The space between lateral glossoepi-
glottic ligaments is the vallecula. The sensory 
input to the oropharynx and hypopharynx is from 
the glossopharyngeal nerve (CN IX) and the 
vagus nerve (CN X). Blood supply to the pharynx 
is from the external carotid artery.   

 The contents of the oropharynx include the 
palatine tonsils, the lingual tonsils, and vallecula. 
The palatopharyngeus muscle forms the posterior 
tonsillar pillar, and the palatoglossus muscle 
makes up the anterior tonsillar pillar. The paired 
palatine tonsils reside between the anterior and 
posterior pillars. The palatal arches meet in the 
midline at the uvula, a pendulous projection com-
prised of the uvulus muscle. 

 The base of the tongue (posterior 1/3) is rela-
tively  fi xed compared to the freely mobile oral 
tongue. The intrinsic tongue musculature includes 
longitudinal, vertical, and transverse muscle  fi bers 
innervated by the hypoglossal nerve (CN XII). 
The intrinsic muscles do not have bony attachments. 
The longitudinal  fi bers shorten the tongue, the 
vertical  fi bers  fl atten and widen the tongue, and 
the transverse  fi bers narrow and elongate the 

tongue. The extrinsic tongue muscles include the 
genioglossus, the hyoglossus, the styloglossus, 
and the palatoglossus. All of the extrinsic tongue 
muscles are innervated by the hypoglossal nerve 
(CN XII), except the palatoglossus, which is inner-
vated by the vagus nerve (CN X). The hyoglossus 
and styloglossus muscles attach to the hyoid bone 
and styloid process, respectively. The hyoglossus 
muscle depresses and  fl attens the tongue. The sty-
loglossus muscle retracts the tongue and makes 
the surface concave. The genioglossus muscle is a 
large fan-shaped muscle arising from the mental 
spine on the posterior surface of the mandible and 
inserting on the tongue dorsum and hyoid bone. 
This muscle is primarily responsible for extruding 
and depressing the tongue. 

 The suprahyoid muscles assist in movement 
of the tongue as well as elevation of the larynx. 
The geniohyoid muscle, innervated by C1 hitch-
hiking along the hypoglossal nerve, arises from 
the inferior mental spine of the mandible and 
attaches to the anterior hyoid. The anterior belly 
of the digastric muscle and the mylohyoid mus-
cle, innervated by the mandibular branch of the 
trigeminal nerve (CN V3) also assist in elevating 
the hyoid and pulling the tongue forward. 

 Sensory innervation to the tongue base is sup-
plied by the glossopharyngeal nerve (CN 9), as 
opposed to the anterior oral tongue that is sup-
plied by the trigeminal nerve (CN V). The special 
sensory innervation taste is delivered via the 
branches of the glossopharyngeal nerve (CN IX) 
and the internal laryngeal nerve (CN X) in the 
tongue base. Anterior tongue taste occurs via the 
chorda tympani nerve (CN VII). The large cir-
cumvallate papillae can be visualized on the pos-
terior tongue. Beyond this, the lingual tonsil 
covers the posterior portion of the tongue.  

   Hypopharynx 

 The hypopharynx is part of the laryngopharynx, 
which includes both the larynx and the hypophar-
ynx (Fig.  12.5 ). The superior margin of the hypo-
pharynx is the tip of the epiglottis and the inferior 
border is the lower edge of the cricoid cartilage 
(Fig.  12.2 ). The hypopharyngeal walls make up 

  Fig. 12.5    The boundaries of the hypopharynx seen on 
 fl exible endoscopic view through the nasal cavity. The 
boundaries are the tip of the epiglottis (E) superiorly, the 
hypopharyngeal walls ( black arrowheads ) posterolater-
ally, and the posterior cricoid region inferiorly (P). The 
aryepiglottic folds (AEF) separate the hypopharynx from 
the endolarynx ( asterisk ). Also seen on this image is the 
median and lateral glossoepiglottic ligaments ( black 
arrows ), the tongue base, and vallecula (V)       
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the posterolateral boundary and the aryepiglottic 
folds separate the hypopharynx from the endolarynx. 
The hypopharynx can be divided into the pharyn-
geal walls, the piriform sinuses, and the postcri-
coid region. 

 The pharyngeal walls are covered in mucosa 
and formed by the pharyngeal constrictor mus-
cles. The superior, middle, and inferior constric-
tor muscles create the tubular pharynx and join 
in a posterior midline raphe. From the pharyn-
geal wall, the stylopharyngeus muscle, inner-
vated by the glossopharyngeal nerve (CN IX) 
extends to the styloid process of the temporal 
bone, and the palatopharyngeus muscle extends 
to the soft palate. 

 The piriform sinuses are lateral to the larynx 
and extend inferior to the larynx. These recesses 
act as gutters during swallowing. If lingual and 
pharyngeal peristalsis do not effectively transport 
a bolus into the esophagus, these reservoirs serve 
to retain food, liquid, and secretions and keep 
them out of the airway. The borders of the piri-
form sinus are the aryepiglottic folds medially, 
the thyrohyoid membrane anteriorly, and the thy-
roid ala or cartilage laterally. 

 Because of its location, the region between the 
hypopharynx and esophagus has been referred to 
as the pharyngoesophageal segment or PES. The 
upper esophageal sphincter (UES) speci fi cally 
refers to the intra-luminal high-pressure zone visu-
alized on manometry. The PES refers to the ana-
tomic components that make up the high-pressure 
zone. The UES and PES are synonymous and may 
be used interchangeably. The cricopharyngeus 
muscle (CPM) makes up only one component of 
the PES. The anatomy and physiology of this 
region will be addressed in a subsequent chapter. 

 The postcricoid region is the mucosal area pos-
terior to the larynx, bordered anteriorly by the 
arytenoid cartilages and the posterior commissure 
of the larynx (Fig.  12.6 ). This area is dif fi cult to 
visualize in the awake patient because the pharyn-
goesophageal segment is closed, obliterating the 
postcricoid region. Occasionally the mucosa of 

this region can be inspected during a swallow or a 
belch, but usually general anesthesia with rigid 
endoscopy is required for adequate exposure of 
the postcricoid region. Because of the limitations 
of examination in this area, malignancies of the 
postcricoid region may be missed. Postcricoid 
tumors should always be considered in a patient 
with unexplained postcricoid and/or pyriform 
sinus residue and in patients with painful swal-
lowing (odynophagia).   

   Physiology of the Pharyngeal Phase 
of Deglutition 

 Because of the principal requirement to separate 
food and air movement through the upper aerodi-
gestive tract, coordination between respiration 
and deglutition during the pharyngeal phase is 
fundamental and largely involuntary. After prep-
aration of the food bolus in the oral cavity 
(Fig.  12.7a ), the bolus is moved to the posterior 

  Fig. 12.6    The posterior cricoid region seen on  fl exible 
endoscopic view. The anterior boundaries are the arytenoid 
cartilages (AC) and posterior commissure of the glottis 
(PC). The posterolateral boundary is the hypopharyngeal 
wall (HPW), and the inferior boundary is the cricopharyn-
geus muscle (CPM)       

Fig. 12.7 (continued) Passive compression of the epi-
glottis by the advancing bolus and contraction of the pha-
ryngeal constrictors, thyroepiglottic and aryepiglottic 
muscles rotate the epiglottis from a horizontal to a trans-
verse orientation facing the esophageal inlet (black arrow). 

Note the cricopharyngeus muscle bar at the distal aspect 
of pharyngoesophageal segment ( asterisks ). ( f ) The elastic 
pharyngoesophageal segment closes behind the tale 
of the bolus and the pharyngeal phase of the swallow is 
complete       

 



  Fig. 12.7    Lateral  fl uoroscopic view during deglutition. ( a ) 
The bolus is held in the anterior oral cavity and the hyoid (H), 
larynx (L), and palate (P) are at their resting position. Note 
the relationship of the hyoid and larynx to the position of the 
anterior C4–C6 cervical hardware. The hyoid sits below the 
rostral margin of the plate ( asterisk ). ( b ) The bolus is pre-
pared in the oral cavity and transferred to the posterior 
tongue. The palate (P) begins to close off the nasopharynx 
and the hyoid (H) and larynx (L) begin their ascent. The 
hyoid is now above the rostral margin of the plate ( asterisk ). 

( c ) The bolus is transported past the anterior tonsillar pillars 
and the pharyngeal phase of deglutition is initiated. The larynx 
and hyoid remain elevated off of the spine and the pha-
ryngeal area is enlarged ( black double arrow ). ( d ) The 
aryte noids ( a ) are pulled toward the laryngeal surface of the 
epiglottis and the epiglottis is passively rotated into a hori-
zontal position to protect the endolarynx ( black arrow ). 
(e) Lingual and pharyngeal driving pressure in addition to 
negative hypopharyngeal pressure work in concert to transport 
the bolus through the pharynx and into the cervical esophagus. 
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tongue (Fig.  12.7b ). The bolus is stripped by the 
piston-like action of the tongue against the hard 
and then soft palate. As the bolus crosses the 
anterior tonsillar pillars, the pharyngeal phase of 
deglutition is initiated (Fig.  12.7c ). The 
palatopharyngeal folds approximate toward the 
midline to form a funnel that guides the bolus 
through the upper pharynx. The soft palate 
moves superiorly to isolate the nasopharynx 
from the oropharynx. Successful closure of both 
the nasopharynx and oropharynx is essential in 
bolus propagation through the lower pharynx. 
During the swallow, the levator veli palatini, 
innervated by the pharyngeal branch of the vagus 
nerve (CN10), and the tensor veli palatini, inner-
vated by the mandibular branch of the trigeminal 
nerve (CN, V3) elevate the soft palate to close 
off the nasopharyx. The salpingopharyngeus 
muscle, innervated by the pharyngeal plexus of 
the vagus nerve, serves two primary purposes. It 
elevates the pharynx and larynx to assist with 
deglutition and, in conjunction with the tensor 
veli palatini, opens the eustachian tube to equal-
ize air pressure between the middle ear and 
nasopharynx during swallowing and yawning. 
Contraction of the lateral and posterior nasopha-
ryngeal walls helps create a muscular barricade 

to nasal regurgitation called Passavant’s ridge 
(Fig.  12.8 ). Posterior movement of the tongue 
and closure of the naso- and oropharynx creates 
a pressure differential that forces the bolus infe-
riorly (Fig.  12.7d ). As the bolus traverses the 
lower pharynx, three events are responsible for 
airway protection:  
    1.     Movement of the hyoid and larynx superiorly 

and anteriorly . This motion protects the lar-
ynx underneath the base of tongue and elevates 
the laryngeal framework off of the spine. 
Elevation shortens and enlarges the pharynx, 
assists with UES    opening, and creates nega-
tive hypopharyngeal pressure to assist with 
bolus propagation. The negative hypopharyn-
geal pressure ahead of the advancing bolus, 
coupled with the tongue and pharyngeal driv-
ing pressure behind the tail of the bolus, cre-
ates a pressure gradient that favors bolus 
movement into the esophagus.  

    2.     Glottic      closure . Airway protection is provided 
by a three-tiered protective mechanism. Glottic 
closure occurs at the level of the true, false, 
and aryepiglottic folds and proceeds in a ros-
tral to caudal direction. Closure of the true 
vocal folds is thought to be the most important 
of the three protective mechanisms. Since the 

  Fig. 12.8    Flexible endoscopic view of Passavant’s ridge 
through the left nasal cavity. ( a ) The nasopharynx and soft 
palate (SP) are at rest. The regressed adenoid ( a ) is seen 

posteriorly. ( b ) The nasopharynx and soft palate (SP) con-
tract bringing Pasavant’s ridge into view ( black arrows )       
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vocal folds must close during deglutition, a 
period of apnea occurs during every swallow. 
Depending on the bolus size, this apneic 
period may last as long as 3.5 s  [  2–  5  ] .  

    3.     Epiglottis      retroversion . Closure of the epiglot-
tis over the laryngeal vestibule has been 
described as a two-step procedure  [  6  ] . 
Fibroelastic ligaments  fi x the epiglottis to the 
surrounding hyoid bone, thyroid cartilage, and 
quadrangular membrane. Laryngopharyngeal 
elevation by the suprahyoid musculature 
(mylohyoid, stylohyoid, geniohyoid, thy-
rohyoid, and digastric) results in passive 
movement of the suspended epiglottis from a 
vertical to a horizontal orientation. Passive 
compression of the epiglottis by the advancing 
bolus and active contraction of the pharyngeal 
constrictors, along with the thyroepiglottic 
and aryepiglottic muscles then assist the epi-
glottis in progressing from its transverse ori-
entation to its ultimate inverted position facing 
the esophageal inlet. Airway protection is now 
complete.     
 Four factors are thought responsible for bolus 

propagation past the protected larynx. Tongue 
driving pressure, contraction of the pharyngeal 
constrictors, negative hypopharyngeal pressure, 
and gravity. McConnel referred to these mecha-
nisms as the oropharyngeal propulsion pump 
(OPP) and the hypopharyngeal suction pump 
(HSP)  [  7  ] . The OPP is driven by the pressure 
generated from the anterior two-thirds of the 
tongue and contraction of the pharyngeal con-
strictor muscles. The negative pressure of the 
HSP is generated from enlargement of the phar-
ynx and elevation of the hyoid and larynx 
(Fig.  12.7d ). These mechanisms work in concert 
to drive a bolus through the pharynx at a rate of 
9–25 cm/s  [  8,   9  ] . The upper esophageal sphincter 

opens by muscle relaxation, traction force through 
anterior hyolaryngeal excursion, intrabolus pres-
sure, and UES muscle compliance. The opening 
of the UES is triggered at the initiation of the 
pharyngeal phase of swallowing. The UES 
remains open until the bolus has traversed the 
relaxed cricopharyngeous muscle and entered the 
esophagus, indicating the end of the pharyngeal 
phase of deglutition.      
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 The human larynx is a multitask organ that balances 
respiration, swallowing, airway protection, and 
vocalization. These functions are intrinsically related 
to the structure and location of the larynx, which is a 
valve at the crossroads of the upper digestive tract 

and tracheobronchial tree. Complex neural control, 
coupled with specialized tissue adaptations, govern 
the vitality of laryngeal function. Understanding 
how laryngeal evolution and development relate to 
specialized anatomy paves the way for an apprecia-
tion of its complex functional behaviors. 

   Development 

 Negus classically articulated the functioning 
priorities of the larynx in his evolutionary stud-
ies, which demonstrated (1) airway protection, 
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(2) respiration, (3) and phonation to be the order 
 [  1  ] . Bichir lung fi sh, with the most primitive larynx, 
developed a simple sphincter for lower airway 
protection. African lung fi sh evolved musculature 
to open and close its laryngeal sphincter, creating 
a primitive respiratory system. Vertebrates, with 
the aid of their thoracoabdominal diaphragm, can 
use the larynx as a  fl utter valve for sound produc-
tion by varying air fl ow during respiration  [  2  ] . 

 According to the Carnegie staging system for 
human embryologic development, there are two 
periods of development. The  fi rst period, the 
embryonic period, comprises the  fi rst 8 weeks of 
gestation and is subdivided into 23 stages. The 
second period, the fetal period, spans the remaining 

32 weeks of gestation. The larynx begins to 
develop during stage 11 of the embryonic period 
at 25–28 days (Fig.  13.1 ).  

 At 28 days of intrauterine life, the larynx, tra-
chea, and lungs begin to form as the laryngotra-
cheal diverticulum (respiratory diverticulum). 
These structures commence as an endodermal 
outgrowth in the ventral wall of the foregut just 
caudal to the fourth pair of pharyngeal pouches 
 [  4  ] . The epithelial lining and glands for the lar-
ynx, trachea, and lungs arise from the foregut 
endodermal lining of the diverticulum. Splanchnic 
mesenchyme forms an investing layer around the 
lengthening diverticulum, which gives rise to 
smooth muscle, cartilage, connective tissue, and 

  Fig. 13.1    Laryngeal development in eight stages with 
Carnegie Institute embryologic stages (11–23), as illus-
trated in Holinger et al. Pertinent ideas: I- ventral foregut 
produces respiratory diverticulum; II- bronchopulmonary 
bud formation; III-development of tracheobronchial tree; 
IV- arytenoids swellings, developing epiglottis, and 

epithelial lamina formation; VII- inception of epithelial 
lamina recanalization; VIII-formation of laryngeal ven-
tricles. From D.H. Henick and L.D. Holinger. Pediatric 
laryngology and bronchoesophagology. Philadelphia: 
Lippincott-Raven; 1997:1–17 with permission       
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the primordial lung bud by the end of the fourth 
week. Zaw-Tun and Burdi demonstrated that the 
separation of the trachea and esophagus results 
from the continued ventrocaudal lengthening of 
the respiratory diverticulum as an outgrowth of 
foregut lumen, which replaced the century old 
His paradigm of an ascending tracheoesophageal 
septum. The developing respiratory system, 
including the larynx and the foregut, continue 
their separate development in a cranial to caudal 
direction  [  3,   5,   6  ] . 

 The primitive pharyngeal  fl oor, equivalent to 
the level of the fourth pouch and site of origin of 
the respiratory diverticulum, develops into the 
glottic region. A segment of foregut consisting of 
the primitive laryngopharynx becomes the supra-
glottic larynx; it separates the primitive pharyn-
geal  fl oor from the pharyngeal  fl oor formed by 
the fourth branchial pouches. As the bronchopul-
monary buds migrate caudally, the two main 
bronchi and carina take form, and the infraglottis 
develops from the cephalic portion of respiratory 
diverticulum. The infraglottis becomes separated 
from the carina by the developing trachea. With 
continued elongation of the foregut and respira-
tory diverticulum, the esophagus lengthens in the 
coming weeks. 

 Mesenchyme in the ventral portion of the 
developing larynx proliferates rapidly in the 
sixth week, gradually obliterating the lumen 
and giving rise to the epithelial lamina. 
Arytenoid swellings develop from the pharyn-
geal  fl oor, causing the laryngeal inlet to be seen 
as a T-shape between the developing arytenoids 
and central epiglottic swelling. The epithelial 
lamina continues to obliterate the primitive lar-
yngopharyx in a ventral to dorsal direction 
almost completely, aside from a narrow com-
munication between the hypopharynx and 
infraglottis called the pharyngoglottic duct. 
The laryngeal cecum, a depression that develops 
between the arytenoid swellings and epiglottis, 
descends ventrally along the epithelial lamina 
toward the glottis  [  7  ] . 

 The epithelial lamina begins to recanalize 
from a dorsocephalic to ventrocaudal direction 
during the tenth week of development. This pro-
cess establishes a communication between the 

laryngeal cecum and dorsal phayrngoglottic duct, 
connecting the supraglottis and infraglottis. The 
laryngeal ventricle is one of the last structures to 
develop during the recanalization period, as ven-
tricular outgrowths from lateral aspects of the 
laryngeal cecum. The upper and lower lips of this 
lateral outgrowth form the false and true vocal 
folds, respectively. Failure of the recanalization 
process is the source of congenital laryngeal 
webs and atresias  [  8  ] . 

 The epithelial lining of the larynx is derived 
from endoderm, as described above. During 
the  fi fth to eighth week of development, the 
laryngeal cartilages take form and musculature 
is clearly delineated. The hyaline cartilages—
thyroid, cricoid, and arytenoid—are formed by 
fusion of mesenchymal neural crest in the 
fourth and sixth branchial arches. The elastic 
cartilages—epiglottic, cuneiform, and cornicu-
late—are formed from mesenchyme in the pha-
ryngeal  fl oor. The cricoid and arytenoids 
chondrify bilaterally from a single center in the 
ventral arch. The thyroid alae chondrify at two 
centers. The epiglottis forms last from the 
hypobronchial eminence, a proliferation of 
mesenchyme in the ventral ends of the third 
and fourth arches. 

 At the same time, laryngeal musculature 
develops from mesenchymal condensation 
within the larynx. The cricothyroid, stemming 
from the ventral portion of the inferior pharyn-
geal constrictor, is a fourth arch derivative and 
innervated by the superior laryngeal nerve. The 
other intrinsic muscles are derived from the 
sixth arch, innervated by the recurrent laryngeal 
nerve  [  9,   10  ] . 

 The laryngeal cartilages continue to mature 
during the ensuing fetal period. The larynx is at 
the body of the second cervical vertebra in the 
newborn, whereas the adult larynx may be as 
low as the sixth cervical vertebra. The larynx 
continues to rapidly develop during the  fi rst few 
years of life, giving all cartilages their mature 
shape and form. During puberty, there is a brisk 
lowering of the larynx and hyoid bone relative 
to the base of tongue. This process corresponds 
to voice changes, which garners unique human 
function.  
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   Anatomy 

   Skeletal Structure (Figs.  13.2  
and  13.3 )  [  11  ]      

   Thyroid Cartilage 
 The thyroid cartilage is the largest laryngeal car-
tilage. It forms a shield over the anterior portion 
of the larynx, protecting the internal laryngeal 
structures. It is a wedge-shaped structure, with 
two lateral wings called laminae or alae. The 
midline fusion of the alae at the apex of the wedge 
occurs at approximately 90° in men, accounting 
for the laryngeal prominence (“Adams’s apple”). 
The prominence is less prominent in females 
because the alae fuse more obliquely at 120°. A 
superior tissue de fi ciency at the juncture point 
creates the thyroid notch. Laterally, at the poste-
rior edges of the alae are a superior greater and 
inferior lesser cornu or horn. Thyroid cartilage 
articulates with a facet on the cricoid cartilage at 
the inferior bilateral cornu to form the cricothy-
roid joint. This synovial joint allows rotation of 
the cricoid cartilage, which varies tension on the 
vocal folds. Thyroid cartilage is attached to the 
hyoid bone by the thryohyoid membrane. The 
thickened middle and edges of the membrane are 
called the median and lateral thryohyoid liga-
ments (often containing small triticeal cartilages), 
where the superior cornu attaches to the greater 
cornu of the hyoid bone  [  12–  16  ] . 

 The superior tubercle is a protuberance at 
the attachment of the superior cornu to the 
thyroid alae. The superior laryngeal artery and the 
internal branch of the superior laryngeal nerve 
pierce the thyrohyoid membrane about 1 cm 
anterior and superior to the tubercle, supplying 
the supraglottic portion of the larynx. The 
tubercle is a landmark for transcutaneous 
anesthesia of the internal branch. The oblique 
line runs from the anterior commissure to the 
posterior edge of the ala, affording attachment 
for the thyrohyoid, sternohyoid, and inferior 
constrictor muscles. 

 A thick layer of perichondrium lines the thy-
roid cartilage on all surfaces sans the inner por-
tion at the anterior commissure. Five ligaments 

attach at the anterior commissure providing 
support to the laryngeal folds. The median thy-
roepiglottic ligament (median thyrohyoid fold), 
bilateral vestibular ligaments (false folds), and 
bilateral vocal ligaments (vocal folds) run from 
superior to inferior. Broyles’ ligament is formed 
through the  fi brous attachments of these liga-
ments penetrating the inner perichondrium, pro-
viding a barrier to the spread of laryngeal 
neoplasms. 

 An understanding of the relation of surface 
anatomy to internal laryngeal anatomy is vital for 
surgical approaches such as a supraglottic laryn-
gectomy or thyroplasty procedures, where the 
level of the true vocal cords in relation to the thy-
roid cartilage is most important. The midline ver-
tical distance from the thyroid notch to the 
inferior border of the thyroid cartilage ranges 
from 20 to 47 mm in men and from 15.5 to 38 mm 
in women  [  10  ] . The midpoint between these two 
landmarks houses the anterior commissure with 
the vocal folds lying below the vertical midline of 
the thyroid cartilage. The posterior portion of the 
folds is anterior to and in the middle third of the 
oblique line  [  17  ] .  

   Cricoid Cartilage 
 The tracheal entrance and lower portion of the 
laryngeal wall are buttressed by cricoid cartilage, 
which is a complete ring and the only supporting 
structure of the larynx and trachea extending 
completely around the airway. Described as a 
signet ring, its narrow anterior arch and expanded 
posterior lamina are 0.5–1 cm and 2–3 cm in ver-
tical height, respectively. The horizontal inferior 
border is attached to  fi rst tracheal cartilage by the 
cricotracheal ligament  [  11,   12  ] . 

 The posterior cricoarytenoid muscles, the only 
abductor of the vocal fold, attach in depressions 
separated by a midline vertical ridge on the pos-
terior cricoid surface. Two fasciculi of esopha-
geal longitudinal  fi bers are attached to the midline 
ridge. The lateral cricoarytenoid muscles are 
attached anteriorly. Laterally, the cricoid carti-
lage receives the lowermost  fi bers of the inferior 
constrictor muscle and the semicircular  fi bers of 
the cricopharyngeus muscle of the upper esopha-
geal sphincter. 
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  Fig. 13.2    Anterior view of    the laryngeal framework—
cartilages and ligaments—and hyoid bone ( top ). 
Posterior view of the laryngeal cartilages, ligaments, and 

infrastructure ( bottom ). From C.T. Sasaki et al. 
Ballenger’s Otorhinolaryngology head and neck surgery, 
17th ed. Shelton, CT: Decker; 2009:849 with permission         
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  Fig. 13.3     Sagital view  of laryngeal ligaments and 
infrastructure ( top ).  Posterior lateral  view of laryn-
geal intrinsic musculature ( bottom ). From C.T. Sasaki 

et al. Ballenger’s Otorhinolaryngology head and neck 
surgery, 17th ed. Shelton, CT: Decker; 2009:849 with 
permission         
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 The paired arytenoid cartilages are on the 
superior surface of the posterior lamina. The cri-
coid lamina slopes downward, posterior to ante-
rior to the cricoid arch, the superior portion of 
which attaches to the inferior border of thyroid 
cartilages by the midline cricothyroid membrane. 
The anterolateral portion of this membrane is 
subcutaneous and is incised when performing an 
emergency cricothyrotomy.  

   Arytenoid Cartilages 
 The paired arytenoid cartilages attach to the pos-
terior ends of the vocal ligament and sit on the 
posterosuperior portion of the cricoid cartilage. 
The arytenoids are pyramidal, each with a trian-
gular base. The base provides a lateral muscular 
process, anterior vocal process, and an inferior 
articular facet. The synovial cricoarytenoid joint 
provides movements for the complex laryngeal 
functions. The most important movement of the 
joint is a downward and lateral or upward and 
medial sliding of arytenoid on cricoid, accompa-
nied by a rocking and twisting motion of the car-
tilage around the long axis of its facet. The 
vestibular ligament, along with the thyroarytenoid 
muscle and vocalis as its medial belly,    attaches to 
the anterolateral surface. The posterior surface 
contains muscular attachments, and the posterior 
cricoarytenoid ligament is attached to the medial 
surface. The corniculate cartilage sits at the apex 
of the arytenoid  [  12,   14–  16  ] .  

   Corniculate and Cuneiform Cartilages 
 The corniculate cartilage (of Santorini) and cune-
iform cartilage (of Wrisberg) are small  fi broelastic 
cartilages. The corniculates are surmounted on 
the arytenoid apex, and the cuneiforms, when 
present, are lateral to the corniculate in the aryepi-
glottic folds. Regarded as rudimentary and vesti-
gial, the cuneiforms add rigidity to the 
aeryepiglottic folds, driving swallowed material 
laterally into the pyriform sinuses away from the 
larynx  [  12–  16  ] .  

   Epiglottis 
 The leaf-shaped elastic  fi brocartilage of the epi-
glottis serves as a safety-net, preventing swal-
lowed matter from entering the laryngeal aditus. 

The epiglottis is displaced posteriorly over the 
laryngeal aditus by the tongue base during the 
swallow re fl ex, as the larynx is raised anterosupe-
riorly. The epiglottis is anchored anterosuperiorly 
by the hyoepiglottic ligament. It is anchored 
anteroinferiorly by the attachment of the thy-
roepiglottic ligament at the inner surface of the 
thyroid cartilage to its pointed inferior pole (peti-
olus). Numerous pits and mucous glands cover 
the surface of the epiglottic cartilage; the pits 
serve as sites for the potential spread of cancer 
 [  15,   16  ] . 

 The epiglottis can be divided into a suprahyoid 
and infrahyoid portion. The laryngeal and lingual 
surfaces of the suprahyoid portion are both free. 
Laryngeal mucosa is more adherent than lingual. 
Two lateral glossoepiglottic folds and one median 
glossoepiglottic fold stem from the re fl ection of 
laryngeal mucosa onto the base of tongue. The 
valleculae ( little depression  in Latin) are formed 
by the two depressions from these folds. Only the 
laryngeal surface of the infrahyoid portion is free. 
The potential space between the anterior surface 
of the epiglottis and the inner surface of the thy-
rohyoid membrane and thyroid cartilage is the 
preepiglottic space. Carcinoma of the larynx may 
invade this space, requiring removal with the epi-
glottis. The aryepiglottic fold attaches laterally 
on each side of the epiglottis as a quadrangular 
membrane, extending to the arytenoid and cornic-
ulate cartilages  [  12–  16  ] .  

   Ossi fi cation of Laryngeal Cartilages 
 An awareness of the normal pattern and variation 
in the ossi fi cation of laryngeal cartilages has been 
of clinical importance since the advent of radio-
graphs, in which incomplete ossi fi cation may be 
mistaken for a foreign body. Only structures 
composed of hyaline cartilage will undergo 
ossi fi cation (thyroid, cricoid, and arytenoid). The 
hyoid bone is usually not a point of radiologic 
confusion, as it is completely ossi fi ed by 2 years 
of age  [  18,   19  ] . 

 The thyroid cartilage begins ossi fi cation 
around the age of 20 years in the male and 22 
years in the female. The process begins postero-
inferiorly on the lamina, extending anteriorly and 
superiorly on the inferior and posterior borders, 
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respectively. The inferior and superior cornua 
have centers of ossi fi cation at this time. 
Ossi fi cation of the cricoid and arytenoid begin 
after that of the thyroid cartilage, commencing at 
the inferior border of the cricoid. Invasion of the 
thyroid cartilages by a neoplastic process takes 
place in the ossi fi ed portions; incomplete 
ossi fi cation increases dif fi culty in differentiating 
small areas of invasion  [  15,   16  ] .   

   Elastic Tissues (Fig.  13.4 )  [  20  ]  

    The two portions of elastic tissue in the adult 
larynx are the quadrangular membrane of the 
supraglottic larynx and the conus elasticus and 
vocal ligaments of the glottic and infraglottic 
larynx. The quadrangular membrane extends 
from the sides of the epiglottic cartilage to the 
corniculate and arytenoid cartilages. It forms 
the aryepiglottic fold with the mucous mem-
brane covering it. The fold forms both parts of 

the medial walls of the pyriform sinus. 
Inferiorly, the quadrangular membrane forms 
the vestibular ligaments that help produce the 
false vocal folds. 

 The conus elasticus is a more strongly devel-
oped layer of elastic tissue than the quadrangular 
membrane. Its inferior attachment is at the supe-
rior border of the cricoid cartilage. With superior 
and medial projection of the conus, the anterior 
commissure of the thyroid cartilage and the vocal 
processes of the arytenoid serve as the superior 
attachments. The conus thickens to form a vocal 
ligament between these superior attachments. 
The cricothyroid membrane, with its midline 
thickening into the cricothyroid ligament, is 
formed by the conus anteriorly. The thyroglottic 
membrane, which parallels the superior surface 
of the true vocal fold, is the superior extension of 
the conus. The thyroglottic membrane forms an 
incomplete barrier to the extension of trans-
glottic cancer due to normal dehiscence in the 
membrane  [  12,   15,   16  ] .  

  Fig. 13.4    Internal cavity and subdivisions of larynx in coronal view. From C.T. Sasaki et al. Ballenger’s otorhinolar-
yngology head and neck surgery, 17th ed. Shelton, CT: Decker; 2009:852 with permission       
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   Internal Anatomy 

 The laryngeal aditus, or entrance into the larynx, 
is triangular shaped in the anterior wall of the 
pharynx. The internal anatomy has three por-
tions—the vestibule, ventricle, and infraglottic 
cavity—demarcated by the false and true vocal 
cords  [  11–  16  ] . 

   Vestibule 
 As seen through the laryngoscope, the vestibule 
extends from the tip of the epiglottis to the false 
vocal (vestibular) folds. The epiglottis, aryepi-
glottic folds, arytenoid, and corniculate cartilages 
are its anterior, lateral, and posterior borders, 
respectively. The anterior commissure is fre-
quently hidden by the epiglottic tubercle during 
laryngoscopy. The inferior border of the quadran-
gular membrane provides mucosa to overlay the 
vestibular ligament, forming the vestibular folds. 
Numerous seromucinous glands are within the 
submucosa, aiding in mechanical and immune 
protection.  

   Ventricle 
 The false vocal folds hide much of the true vocal 
folds during laryngoscopy. The ventricle of the 
larynx (sinus of Morgani) extends between the 
false and true vocal folds. A diverticulum known 
as the laryngeal saccule is at the anterior end of 
the ventricle, extending between the vestibular 
fold and inner surface of thyroid cartilage. A 
number of mucous glands line the saccule, along 
with  fi bers of thyroarytenoid muscle, whose con-
tractions express mucous and lubricate the vocal 
fold. Laryngocele occurs with abnormal enlarge-
ment of the saccule with air.   

   Vocal Folds (Fig.  13.5 ) 

    The true vocal folds, extending from the anterior 
commissure to the vocal process of the arytenoid, 
are inferior to the ventricle. The glottis is de fi ned 
as the vocal folds and the slit between them (rima 
glottidis) and is normally the narrowest portion 
of the larynx. The intermembranous portion of 

the rima (rima glottidis vocalis) is the space 
between the edges of the anterior three- fi fths of 
the vocal folds, formed by the vocal folds with 
its ligament and covering epithelium. The inter-
cartilaginous part of the rima (respiratory por-
tion) is the posterior two- fi fths of the vocal folds, 
formed by the vocal process of the arytenoid 
cartilages. 

 The membranous (vibratory) portion has three 
structural layers, the epithelium, lamina propria, 
and vocalis muscle, from super fi cial to deep. 
Hirano developed the cover-body concept in 
describing this microanatomy  [  22–  24  ] . The cover 
consists of the strati fi ed squamous epithelium 
overlying the gelatinous layer of super fi cial lamina 
propria. The vocalis muscle is the rubber-band 
like body. A transition zone of deep lamina pro-
pria (intermediate elastic and deep collagenous) 
separates the cover and body. The body provides 
the rigid base on which the cover vibrates. The 
anterior and posterior macula  fl ava, at the ante-
rior and posterior ends of the vocal folds, are a 
thickening of the intermediate elastic layer. They 
are believed to protect the ends of the vocal folds 
from vibratory damage. The pediatric larynx 
lacks this protective cushion, as well as the cover-
body microanatomy, due to a single-layered 

  Fig. 13.5    Microanatomy of the adult vocal fold illustrat-
ing the body-cover concept elucidated by Hirano. From 
M. Suzuki and J.A. Kirchner. Ann Otol Rhinol Laryngol 
1968;77:1059 with permission       
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lamina propria, which does not approximate adult 
form until the age of 10 years  [  22  ] . The geriatric 
larynx develops a thickened and edematous cover 
with age-related changes in the super fi cial lamina 
propria, while the vocalis muscle atrophies. 

   Infraglottic Cavity 
 The infraglottic cavity is the space from the glot-
tis to the inferior border of the cricoid cartilage. 
The conus elasticus and cricoid cartilage laterally 
bound this space.  

   Mucosa 
 The laryngeal mucosa is largely of the respiratory 
type (pseudostrati fi ed ciliated columnar), with a 
portion covered by strati fi ed squamous epithe-
lium. The squamous epithelium is limited to the 
upper half of the posterior surface of epiglottis, 
the upper part of the aryepiglottic folds, and the 
vocal folds themselves. Beneath the epithelial 
covering is a variable basement membrane, sepa-
rated by a layer of loose tissue stroma. This 
stromal layer is absent on the true vocal folds and 
on the posterior surface of the epiglottis, account-
ing for the more intense swelling of the anterior 
surface of the epiglottis during in fl ammatory 
conditions of the larynx.  

   Preepiglottic Space 
 The epiglottis is the posterior boundary of the 
preepiglottic space, which lies anterior to the epi-
glottis. The thyrohyoid membrane and inner sur-
face of the thyroid lamina are the anterior borders. 
The hyoepiglottic ligament and mucosa of the 
vallecula and thyroepiglottic ligament are the 
superior and inferior boundaries, respectively. 
The preepiglottic space opens into the paraglottic 
space laterally. The preepiglottic space is an 
important barrier for the spread of cancer, which 
can access the space via the infrahyoid portion of 
the epiglottis.  

   Paraglottic Space 
 The paraglottic space plays an important role in 
the extralaryngeal spread of laryngeal cancer. 
This space is superior and inferior to the true 
and false vocal folds on both sides of the glottis. 

The cricothyroid membrane and perichondrium 
of the thyroid lamina de fi ne the space laterally, 
while the quadrangular membrane, ventricle, and 
conus elasticus serve as the medial borders. The 
space opens into the posterior preepiglottic space 
anterosuperiorly. Pyriform sinus mucosa forms 
the posterior boundary. Supraglottic cancer pen-
etrating this space may be marked by rapid 
extralaryngeal spread  [  16  ] .  

   Pyriform Sinus 
 The pyriform sinus is part of the hypopharyx and 
it has important anatomic relationships to the lar-
ynx. Superiorly, the pyriform sinus begins as the 
lateral glossoepiglottic fold. The apex of the sinus 
meshes with the esophageal inlet inferiorly at the 
superior border of the cricoid. It is essentially a 
gutter, medially formed by the aryepiglottic fold, 
arytenoid cartilage, and superior cricoid carti-
lage. Its lateral borders are the thyrohyoid mem-
brane and internal surface of the thyroid lamina. 
The superior laryngeal nerve marks its course 
anteriorly in the sinus  fl oor. The nerve’s submu-
cosal plane makes it amendable to topical anes-
thesia in this space. Additionally, the superior 
cornu of the thyroid cartilage may protrude into 
the pyriform sinus and should not be confused 
with a neoplastic process.   

   Vessels 

   Arteries and Veins 
 The paired superior and inferior laryngeal arter-
ies are the main arterial supply to the larynx. The 
superior thyroid artery is the  fi rst branch off 
the external carotid artery, and after coursing 
lateral to the laryngohyoid complex, the superior 
laryngeal artery branches off at about the hyoid 
level. The superior laryngeal artery runs horizon-
tally across the posterior portion of the thyroid 
membrane, along with the internal branch of the 
superior laryngeal nerve. The artery penetrates 
the thyrohyoid membrane inferior to the nerve, 
entering the submucosa of the pyriform sinus, 
where it supplies the mucosa and musculature of 
the larynx. At the level of the cricothyroid 



18513 Development, Anatomy, and Physiology of the Larynx

membrane, the superior thyroid artery gives off a 
small cricothyroid artery, which passes horizon-
tally below the cricoid cartilage. The inferior 
laryngeal artery, a branch of the inferior thyroid 
artery that emanates from the subclavian artery 
via the thyrocervical trunk, takes a course poste-
rior to the cricothyroid joint with the recurrent 
laryngeal nerve. The inferior thyroid artery 
accesses the larynx through a gap in the inferior 
constrictor muscle known as the Killian-Jamieson 
area. Within the larynx the artery branches and 
supplies mucosa and musculature, anastomosing 
with the superior laryngeal artery. 

 Superior and inferior laryngeal veins parallel 
the arteries, joining the superior and inferior 
veins, respectively.  

   Lymphatics 
 The lymphatics of the larynx have numerous 
divisions, an understanding of which is essential 
in contemplating the spread of laryngeal cancer 
and its treatment modalities. The divisions start 
with super fi cial (intramucosal) and deep (submu-
cosal) groups, which are further divided into right 
and left halves, broken down into supraglottic, 
glottic, and subglottic. The deep portion is more 
important in the spread of cancer. The supraglot-
tic region (false cords and aryepiglottic folds) 
 fl ows to the deep jugular chain near the carotid 
bifurcation, as the lymphatic channels follow the 
superior laryngeal and superior thyroid vessels 
from the pyriform sinus through the thyrohyoid 
membrane. The epiglottis, as a midline structure, 
has bilateral drainage. The ventricle is drained 
through the cricothyroid membrane and ipsilat-
eral thyroid lobe. There are two systems in the 
lymphatic drainage of the subglottic larynx. The 
 fi rst system ends in the subclavian, paratracheal, 
and tracheoesophageal chains, as well as the 
lower portion of the deep jugular chain by fol-
lowing the inferior thyroid vessels. The other sys-
tem drains bilaterally to the middle deep cervical 
nodes and prelaryngeal (Delphian) nodes by 
piercing the cricothyroid membrane. Cancer 
localized to the true vocal folds has a high cur-
ability rate because there is no lymphatic drain-
age of this structure  [  12–  16,   23  ] .   

   Muscles (Fig.  13.6 )  [  24  ]  

      Extrinsic Muscles 
 The extrinsic muscles of the larynx, also referred 
to as the strap muscles, function to raise, lower, 
or stabilize the larynx. The infrahyoid group 
includes the omohyoid, sternothyroid, thyrohyoid, 
and sternohyoid muscles, which are innervated 
by the ansa cervacalis. These muscles depress 
the larynx, displacing it downward during inspi-
ration. The suprahyoid group of muscles 
includes the digastrics, stylohyoid, geniohyoid, 
mylohyoid, and stylopharyngeus. These muscles 
elevate and anteriorly displace the larynx during 
swallowing and help suspend the larynx from 
the skull base and mandible via the hyoid bone. 
The middle and inferior constrictors, as well as 
the cricopharyngeus muscles, are also extrinsic 
muscles that play an imperative role in the pre-
cisely timed act of deglutition  [  12–  16  ] .  

   Intrinsic Muscles 
 The intrinsic laryngeal muscles act in synchrony 
to modify the size of the glottic opening, as well 
as both the length and tension of the vocal folds 
(Fig.  13.6 ). These muscles are restricted to the 
internal larynx and they consist of numerous 
adductors and a single abductor. The intrinsic 
muscles are paired, with the exception of the 
interarytenoid  [  25  ] . 

   Cricothyroid Muscle 
 The cricothyroid muscle arises from the external 
surface of the anterior cricoid arch and it is divided 
into two bellies. An anterior-superior pars recta 
runs upward and laterally from the cricoid arch 
toward the inferior border of thyroid cartilage. 
The posterior and inferior pars obliqua runs 
obliquely upward from the anterolateral border 
of the cricoid arch to the anterior portion of the 
inferior cornu. Contraction of the cricothyroid 
tilts the cricoid at the cricothyroid joint. During 
contraction, the posterior cricoid lamina and 
arytenoid cartilages are displaced inferiorly, while 
the anterior cricoid arch is brought superiorly 
toward the inferior border of the thyroid alae. The 
inferior displacement of the posterior cricoid 
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  Fig. 13.6    Illustration of laryngeal muscle action.  Left col-
umn  shows vocal fold edges and cartilage location at laryn-
geal muscle activation.  Arrows show  vector of force.  CT  
cricothyroid muscle;  IA  interarytenoid muscle;  LCA  lateral 
cricoarytneoid muscle;  PCA  posterior crico arytenoid;  VOC  
vocalis;  1  thyroid cartilage;  2  cricoids cartilage;  3  

arytenoids;  4  vocal ligament;  5  posterior cricoarytenoid 
ligament.  The middle column  shows laryngoscopic view. 
 The right column  shows the middle membranous portion of 
the vocal fold. The dotted line demonstrates a neutral 
position with no muscle activated. From C.T. Sasaki and 
G. Isaacson. Probs Anesth 1988;2(2):163–74 with permission       
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lamina increases the distance between the ante-
rior commissure and the vocal processes. This 
process stretches, elongates, and thins the vocal 
folds, adducting them into a paramedian posi-
tion. Contraction of the cricothyroid during 
inspiration increases the antero-posterior glottis 
dimension, while during phonation it results in a 
higher fundamental frequency produced by the 
vocal folds.  

   Lateral Cricoarytenoid Muscle 
 Arising from the upper border of the cricoid arch, 
the lateral cricoarytenoid extends posterosuperi-
orly to insert at the arytenoid muscular process. 
During contraction, it slides the arytenoid carti-
lage superiorly and medially on the cricoid with 
an anterolateral pull, adducting and lowering the 
tip of vocal process, both elongating and thinning 
it. The lateral cricoarytenoid thus acts as the 
antagonist to the posterior cricoarytenoid.  

   Posterior Cricoarytenoid Muscle 
  It is the sole abductor of the vocal folds.  From its 
origin on posterior surface of the cricoid cartilage 
lamina, the posterior cricoarytenoid  fi bers insert 
into the arytenoid muscular process after taking 
an oblique, lateral, and superior course. 
Contraction slides the arytenoid cartilage inferi-
orly and laterally on the cricoid with a postero-
medial pull. It therefore abducts and elevates the 
tip of the vocal process, elongating and thinning 
the vocal fold, causing its edge to be rounded. All 
layers of the vocal fold are passively stiffened.  

   Interarytenoid/Aryepiglottic Muscle 
 The unpaired interarytenoid muscle has two types 
of muscle  fi bers. Transverse muscle  fi bers stretch 
between the posterior surfaces of the two arytenoid 
cartilages, which are approximated upon contrac-
tion of the  fi bers. This process assists in the clo-
sure of the posterior glottic portion with little affect 
on the mechanical property of the vocal fold. The 
oblique  fi bers cross in the midline as they pass 
from the posterior arytenoid portion on one side to 
the arytenoid apex on the other side. Some  fi bers 
insert at the apex, while others fan out along the 
quadrangular membrane (aryepiglottic muscle). 
The oblique  fi bers narrow the laryngeal aditus.  

   Thyroarytenoid Muscle 
 The thyroarytenoid has an internal and external 
component, both with the same attachments. The 
internus lies deep to the externus and is more well 
developed. Arising from the inner surface of thy-
roid cartilage at the commissure, the externus 
inserts at the lateral surface of arytenoid cartilage. 
It brings the arytenoid cartilage anteromedially 
during contraction, thus adducting the vocal folds. 
The externus also adducts the false folds and, with 
the transverse arytenoid, acts as the sphincter 
mechanism at the false fold level. The thy-
roarytenoid internus, or vocalis muscle, extends 
from the anterior commissure to the vocal process, 
with a few  fi bers attaching to the outer surface of 
the conus elasticus inferior to the vocal ligament. 
Contraction adducts, shortens, and thickens the 
vocal fold, as the body (muscular layer) is actively 
stiffened and the cover is passively slackened.     

   Physiology 

   Structural Considerations 

 The upper airway in the adult human traverses the 
digestive tract in the region of the pharynx, pro-
viding sphincteric protection while complicating 
the respiratory function of the lower airway. Two 
important organic modi fi cations developed dur-
ing evolution to resolve this functional dif fi culty: 
structural adaptation and delicate coordination 
among the three basic laryngeal functions as dic-
tated by precisely organized brainstem re fl exes. 

 Many mammalian species are provided with a 
relatively high-riding larynx, affording its close 
approximation with structures of the posterior 
nasal cavities. The intracranial position of the lar-
ynx, which secures a continuous airway from the 
nose to the bronchi, decreases the risk of pulmo-
nary contamination by swallowed matter. 

 The human newborn exhibits similar nasola-
ryngeal connection by the approximation of its 
epiglottis with the posterior surface of its palate, 
thus ensuring against aspiration. 

 In the adult, the characteristic  fl at, shield-like 
con fi guration of the epiglottis serves to direct 
swallowed food laterally into the pyriform sinuses, 
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away from the midline laryngeal aperture. 
Furthermore, in adult humans, elevation of the 
larynx toward the nasal cavity during the height of 
deglutition exaggerates this protective function. 
The aryepiglottic folds act as ramparts to the lar-
ynx, allowing food to pass on either side of the 
epiglottis along the gutter produced between each 
fold and the lateral pharyngeal wall. It appears 
that the primary function of the supraglottic larynx 
lies in its protection of the lower airway. 

 The ability of the larynx to perform as an effec-
tive valve depends on the unique shelf-like 
con fi guration of its bilateral superior and inferior 
folds. The ventricular folds, which are located supe-
riorly, act as an exit valve, preventing the escape of 
air from the lower respiratory tract. When medial-
ized by muscular contraction, these false cords seal 
even more tightly as tracheal pressure is increased 
below. This feature of adducted false cords is attrib-
utable to their unique shape, characterized by the 
down-turned direction of their free margins. 

 Conversely, the true cords behave as a one-way 
valve in the opposite direction, obstructing the ingress 
of air or  fl uid. The false cords prevent the egress of air 
from the lungs, and the true cords with their upturned 
margins are capable of arresting its ingress. The 
structural adaptation of the larynx in man aids in 
maintaining the functional diversity of this organ.   

   Neuromuscular Physiology 

   Afferent System 

 Sensory nerve  fi bers to the larynx are derived 
from the internal branch of the superior laryngeal 
nerve. Each nerve innervates the ipsilateral upper 
half of the larynx to the level of the true vocal 
cord, Likewise, below the true cords ipsilateral 
sensation is mediated by each recurrent laryngeal 
nerve. Suzuki and Kirchner  [  21  ]  however, dem-
onstrated that a diamond-shaped area in the ante-
rior midline of the subglottic space in the cat is 
innervated by both external branches  of  the supe-
rior laryngeal nerve. Afferent impulses from deep 
muscle receptors and cricothyroid joints also 
travel cephalad in this nerve branch (Table  13.1 ) 
 [  24  ] . The density of sensory innervation appears 

greatest in the laryngeal inlet. This is logical 
since the entrance to the larynx is thought to serve 
as a protective zone for more distal parts of the 
respiratory system. When nerve staining tech-
niques are used, the laryngeal surface of the epi-
glottis appears to contain the most compact 
innervation, whereas the true cords exhibit lesser 
degrees of sensory density  [  26,   27  ] . Further, the 
posterior half of the true cord is more heavily fur-
nished with touch receptors than its anterior por-
tion. The distribution of chemical and thermal 
sensors is different. These appear limited to the 
supraglottic larynx and are sensitive to a variety 
of noxious substances. Measurement of single 
nerve  fi ber potentials from the superior laryngeal 
nerve in sheep shows chemosensitivity to KCl, 
NH 

4
 Cl, NaCl, LiCl, distilled water, citric acid, 

and dilute hydrochloric acid, in order of decreas-
ing sensitivity  [  28,   29  ] .  

 Water chemoreceptors on the epiglottis have 
been implicated experimentally in the production 
of prolonged apnea. Furthermore, it has been 
demonstrated that the respiratory response to 
water-aerosol inhalation for treatment of croup 
and other upper airway obstruction may be related 
to the exquisite water sensitivity of these epiglot-
tic receptors. The effect produced consists of 
respiratory slowing with a concomitant increase 
in tidal volume—certainly an effect bene fi cial in 
partial airway obstruction. In addition, this cen-
trally mediated respiratory response appears to 
be greater in early life than in adulthood  [  30  ] . 

 It is generally agreed that sensory compo-
nents of the superior laryngeal nerve include 

   Table 13.1    Sensory innervation   

 Nerve  Distribution 

 Superior laryngeal (internal 
division) 

 Supraglottic mucosa 
 Thyroepiglottic 
joint 
 Cricothyroid joint 

 Superior laryngeal (external 
division) 

 Anterior subglottic 
 mucosa 

 Recurrent laryngeal  Subglottic mucosa 
 Muscle spindles 

 Nerve of Galen (communicating 
branch between superior and 
recurrent nerves) 

 Aortic arch 
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representation from mucosal touch receptors, 
epiglottic chemoreceptors, joint receptors, aortic 
baroreceptors, and stretch receptors from the 
intrinsic laryngeal muscles  [  31  ] . Afferent 
impulses are delivered through the ganglion 
nodosum to the brainstem tractus solitarius.  

   Efferent System 

 Motor innervation of the larynx is no less com-
plex (Table  13.2 )  [  27  ] . It is generally agreed that 
the motor distribution of the intrinsic laryngeal 
musculature originates in the medullary nucleus 
ambiguus. This motor nucleus is topographically 
divided into abductor and adductor zones. Each 
recurrent laryngeal nerve ipsilaterally innervates 
all muscles except the cricothyroid muscle, 
which receives its motor impulses from the exter-
nal division of its ipsilateral superior laryngeal 
nerve. The interarytenoid muscles, however, 
receive bilateral innervation from both recurrent 
laryngeal nerves. The muscle that widens the 
glottic chink, as takes place in respiration, is 
solely the posterior cricoarytenoid muscle (laryn-
geal abductor). It extends from the posterior 
aspect of the cricoid plate to the muscular pro-
cess of the arytenoid (Fig.  13.7a )  [  27  ] . Exerting 
a posterolateral pull on the arytenoid body will 
rotate the vocal fold outward, effecting cord 
abduction on inspiration. On the other hand, 
vocal fold adduction results from  contraction  of 
all other intrinsic musculature, major contribu-
tions arising from the action of thyroarytenoid 
and lateral cricoarytenoid muscles (Fig.  13.7b, c ) 

 [  27  ] . The interarytenoid muscles serve to close 
the posterior gap in the glottis (Fig.  13.7d )  [  27  ] , 
while the cricothyroid muscle adducts and tenses 
the vocal cord, passively lengthening it by 30 %. 
This is accomplished by shortening the anterior 
distance between the cricoid and thyroid carti-
lages, resulting in dorsal and posterior displace-
ment of the posterior cricoid plate. The vocal 
cord therefore undergoes a mechanical stretch 
displacement, resulting in an increase in the 
anteroposterior diameter of the laryngeal aper-
ture (Fig.  13.7e )  [  27  ] .   

 Brie fl y, when one cricothyroid muscle is den-
ervated by sectioning the superior laryngeal nerve, 
the unopposed contraction of the contralateral cri-
cothyroid muscle results in rotation of the poste-
rior commissure toward the inactive side, with 
foreshortening of the cord on the side of denerva-
tion   . On the other hand, it is agreed that unilateral 
recurrent laryngeal nerve injury results in the 
paramedian position of that cord because the 
unopposed action of the ipsilateral cricothyroid 
muscles, innervated by an intact superior laryn-
geal nerve, produces cord adduction on the side of 
recurrent laryngeal nerve injury   . 

 Since the recurrent laryngeal nerve contains 
mixed adductor and abductor  fi bers, repair of this 
nerve following section offers little hope of 
orderly re-innervation and laryngeal function. 
Still, experiments with electrical stimulation of 
the larynx may lead someday to laryngeal reani-
mation. It has been demonstrated in dogs that the 
abductor and adductor muscles respond to differ-
ent frequencies of stimulation. At stimulation 
rates less than 30 Hz, vocal abduction is observed. 

   Table 13.2    Motor innervation   

 Nerve  Distribution  Action 

 Superior laryngeal (external division)  Cricothyroid joint  Adductor, isotonic tensor 
 Recurrent laryngeal  Thyroarytenoid muscle  Adductor, isometric tensor 

 Lateral cricoarytenoid muscle  Adductor 
 Interarytenoid muscle  Adductor 
 Posterior cricoarytenoid muscle  Abductor 

 Nerve of Galen (communicating branch 
between superior and recurrent nerves) 

 Tracheoesophageal mucosa  Autonomic (secretory) 
 Tracheal smooth muscle  Autonomic 
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  Fig. 13.7    The intrinsic muscles responsible  for  vocal cord position       

At greater rates, adduction occurs  [  32  ] . This 
experimental  fi nding and related experiments 
with direct posterior cricoarytenoid electrical 
stimulation in synchrony with phrenic activity 
may someday lead to practical laryngeal pacing 
in the setting of vocal cord paralysis. More imme-
diately, transmucosal stimulation of laryngeal 
musculature by electrode arrays placed in the 
pyriform sinuses of dogs have been used to open 
and close the laryngeal aperture. Similar devices 
may prove useful to the anesthesiologist in over-
coming laryngospasm and as an aid to intubation 
in humans  [  33  ] .  

   Laryngeal Re fl exes 

 Basic functions of the larynx (protective, respira-
tory, and phonatory) are derived from a complex 
interrelationship of diverse polysynaptic brain-
stem re fl exes. Protective function is entirely 
re fl exive and involuntary, constituting one end of 
a spectrum that is balanced by voluntary respiratory 

and phonatory performances regulated involun-
tarily through an array of feedback re fl exes.  

   Protective Re fl exes 

 Stimulation of the upper respiratory tract, espe-
cially the larynx, evokes a strong glottic closure 
re fl ex (GCR). The afferent sensory impulses via 
the internal branch of SLN project to the ipsilat-
eral nucleus ambiguus after synapsing in the 
nucleus tractus solitarius. The motor neurons 
within the nucleus ambiguus then project through 
the RLN, completing the efferent limb of the 
ipsilateral GCR (Fig.  13.8 )  [  34  ] .  

 The functional analog of this re fl ex is repro-
duced as protective glottic closure during degluti-
tion. Touch and chemical and thermal stimulation 
of the laryngeal aditus produce the same response 
as seen experimentally with electrostimulation of 
the SLN. In an experimental setup, it has been 
observed that stimulation of ipsilateral internal 
SLN elicits three categories of brainstem laryngeal 
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responses. First, an early response involves 
adduction of the ipsilateral vocal cord with a 
latency of approximately 10–18 ms in anesthe-
tized cat, dog, and pig. This short latency R1 
evoked response has been consistently noted in 
anesthetized humans  [  30,   35  ] . A second category 
of short latency R1 response involves simultane-
ous contralateral adduction also known as the 
crossed adductor re fl ex. The existence of crossed 
GCR pathway (Fig.  13.9 )  [  36  ]  has been hypoth-
esized in a human study  [  35  ] . In the same study, 
it was also demonstrated that as depths of anes-
thesia increased, the crossed re fl ex is suppressed. 
Still, a third category of adductor response involv-
ing a longer latency re fl ex, termed R2, has been 
observed to produce bilateral vocal  fold  responses, 
but its presence appears to be most readily noted 
in awake human subjects; it has a latency of 
50–80 ms.  [  36  ]   

 From these observations it is seen that the 
crossed GCR is centrally mediated and is sup-
pressed with increasing depths of anesthesia con-
verting GCR into a unilateral one (Fig.  13.10 ) 
 [  36  ] , weakening the glottic closing force and 
making one prone to aspiration under anesthesia 
and deep sedation  [  37  ] .  

 Interestingly, in another experimental study, 
Sasaki et al. demonstrated that selective denerva-
tion of larynx has a profound biomechanical 
effect on glottic closing force  [  38  ] . They showed 
that unilateral SLN and RLN sectioning reduced 
GCF by 46 % and 76 %, respectively. However, 

combined SLN and RLN sectioning on the ipsi-
lateral side further reduced it to only 77 %, 
thereby suggesting an organizational con fi guration 
in which motor neurons functionally involved 
ipsilaterally likely outnumber those contralater-
ally (Fig.  13.11 )  [  36  ] .  

  Fig. 13.8    Organizational model of the ipsilateral GCR       

  Fig. 13.9    Organizational model of the ipsilateral and 
crossed adductor re fl ex pathway in man       

  Fig. 13.10    Organizational model demonstrating the loss 
of contralateral R1 under deep anesthesia       
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 Bilateral SLN stimulation results in sphinc-
teric closure of the upper airway of its three mus-
cular tiers within the laryngeal framework. The 
highest occurs at the level of the aryepiglottic 
folds, which contain the superior-most divisions 
of the thyroarytenoid muscle. The contraction of 
these  fi bers approximates the aryepiglottic folds 
to cover the superior inlet of the larynx, and with 
the arytenoid cartilages in the posterior gap, com-
pletes the  fi rst of the three sphincteric tiers of 
protection. The second tier of protection occurs 
at the level of the false cords, consisting of bilat-
eral folds forming the roof of each laryngeal ven-
tricle. The third tier of protection occurs at the 
level of the true vocal cords, which in man are 
shelf like with a slightly upturned free border. 
The inferior division of the thyroarytenoid mus-
cle forms the bulk of this shelf, and with the pas-
sive valvular effect of the upturned border or the 
true cord margin, the true vocal folds are perhaps 
the most signi fi cant of the three barriers to 
aspiration. 

 Mechanical stimulation applied to the upper 
respiratory tract, which is innervated by the 
trigeminal and glossopharyngeal nerves or the 
electrical stimulation of all major cranial afferent 
nerves produces strong laryngeal adductor 
responses. In the cat, re fl ex action potentials in 
the adductor branch of RLN can he elicited by 

electrostimulation of the optic, acoustic, chorda 
tympani, trigeminal, splanchnic, vagus, radial, 
and intercostals nerves  [  39  ] . The susceptibility of 
this re fl ex response to such diverse sensory stim-
ulation is unique and emphasizes its primitive 
role in respiratory protection of the organism 
from a wide variety of potentially noxious 
in fl uences. 

 Physiologic exaggeration of the GCR is called 
laryngospasm, which is clinically observed as a 
strong prolonged closure of the glottis when the 
adductor muscle is tonically contracted and main-
tained well beyond the cessation of mucosal irri-
tation. From neurophysiologic analysis, laryngeal 
spasm consists of prolonged tonic adductor spike 
activity in the RLN that bears no precisely repro-
ducible temporal relationship or latency, to its 
initiating stimulus. This observation is based on 
the fact that laryngeal spasm is solely mediated 
by stimulation of the SLN. In fact high frequency 
stimulation of other afferent nerves, capable of 
eliciting simple glottic closure, produces little 
adductor after discharge activity that is character-
istic of laryngospasm. 

 Adductor motor depression caused by 
hypoventilation is supported by other experimen-
tal data indicating preferential abolition of post-
synaptic potentials by hypoxia  [  40  ] . This 
experimental evidence further indicates that, in 

  Fig. 13.11    Organizational model demonstrating the 
effect of converting a unilateral RLN section ( a ) to a 
combined unilateral RLN-SLN section ( b ) when motor 

neurons functionally involved ipsilaterally outnumber 
those contralaterally       
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hypoxic states, postsynaptic recovery lags behind 
the presynaptic recovery producing a net depres-
sive effect on all re fl ex neural activity, Hypoventila-
tion, therefore, understandably impairs the output 
capability of the brainstem adductor motor aggre-
gate to repetitive SLN stimulation. Such experi-
mental data seem to support the clinical 
observation that laryngeal spasm occurs more 
often in well-ventilated rather than cyanotic 
patients. Aside from the variety of excitatory 
adductor responses it produces, SLN stimulation 
also exerts an inhibitory effect on the medullary 
inspiratory motor neurons. Not only does laryn-
geal abductor activity cease but phrenic activity 
is also inhibited, resulting in various degrees of 
re fl ex apnea.  

   Respiratory Re fl ex 

 The inputs of central and peripheral chemore-
ceptors and of vagally mediated thoracic stretch 
receptors in the regulation of breathing were 
among the great conceptual strides of the nine-
teenth century. The respiratory contribution of 
the larynx, however, was not appreciated until 
1949 when Negus noted that the glottis opened a 
fraction of a second before air was drawn in by 
the descent of the diaphragm  [  1  ] . The neuro-
physiology behind this observation was clari fi ed 
by Suzuki and Kirchner, who established this 
activity as a direct effect of the medullary respi-
ratory center. Having shown that widening of the 
glottis occurred with rhythmic bursts of activity 
in the recurrent laryngeal nerve, Suzuki and 
Kirchner then demonstrated that, like phrenic 
activity, this rhythmicity was accentuated by 
hypercapnia and ventilatory obstruction and 
depressed by hyperventilation and resultant 
hypocapnia  [  41  ] . 

 Likewise, as phrenic activity is modi fi ed by 
ventilatory resistance, it would seem reasonable 
that glottic widening, in fl uenced by the respira-
tory center, would be similarly modi fi ed. 

 From a purely structural perspective, the true 
vocal folds passively act to obstruct the ingress 
of air to the lungs. Thus, to relieve this obstruc-
tion active inspiratory abduction, the product of 

phasic muscular contraction by the posterior 
cricoarytenoid muscle must take place. Further, 
this activity has been demonstrated to be syn-
chronous with inspiration  [  42  ] . The degree of 
abductor activity appears to vary directly with 
ventilatory resistance, disappearing entirely when 
inspiratory resistance is removed and returning 
when resistance to ventilation is reestablished. 
Because vagotomy abolishes this response, it is 
thought that the afferent limb for the re fl ex regu-
lation of phasic inspiratory abduction lies within 
the ascending vagus nerve  [  43  ] . End organ recep-
tors contributing to this re fl ex presumably lie 
within the thorax, although their exact nature and 
location remain unknown. 

 The cricothyroid muscle behaves in an unusual 
way as a respiratory muscle. It is known to be a 
vocal cord adductor and isotonic tensor. It is odd 
then that it is seen to contract during inspiration 
when adduction would seem counterproductive 
 [  44  ] . In fact, its role in cord lengthening actually 
enhances the cross-sectional diameter of the glot-
tis by increasing its anteroposterior dimension. 
Thus, the posterior cricoarytenoid and cricothy-
roid muscles act together to widen and lengthen 
the glottic chink. 

 One must also consider the role of the larynx 
in controlling expiration. In eupneic states, expi-
ratory  fl ow and duration are principal determi-
nants of respiratory frequency. As others have 
demonstrated in both animal and human investi-
gations, variations in respiratory rate result pri-
marily from changing the duration of the 
expiratory phase rather than the inspiratory phase 
of the respiratory cycle  [  45,   46  ] . In this regard the 
larynx exerts a major valvular effect on ventila-
tory resistance, signi fi cantly in fl uencing the expi-
ratory phase of respiration. 

 The cricothyroid muscle is closely linked to 
this expiratory control, Cricothyroid activity is 
evoked by positive intratracheal pressure inde-
pendent of respiratory rate. Cricothyroid activity 
continues as long as positive pressure is main-
tained and ceases with the loss of this pressure. In 
addition, the rate of change of intratracheal pres-
sure appears important in triggering cricothyroid 
activity with a critical level at approximately 
30 cm H 

2
 O/s. 
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 There is evidence that the expiratory activity 
of the cricothyroid muscle is solely mediated 
peripherally, lacking the medullary control 
exerted during the inspiratory phase. Cricothyroid 
tracking of intratracheal pressure changes is abol-
ished by bilateral vagotomy, although medullary 
and efferent components are left intact.  

   Phonatory Re fl ex System 

 The phonatory function of the larynx is probably 
least well understood of its three basic functions. 
With advances in investigative technique, many 
established hypotheses based on animal models 
have been challenged, a result in large measure to 
the advent of more specialized technology based 
on human study. High-speed cinematography, 
electro-  and  photoglottography, improved endo-
scopic techniques using the video stroboscope, 
and direct human electromyographic measure-
ments made possible by hooked-wire electrodes 
combined with advanced aerodynamic measure-
ments are largely responsible for these newer 
additions. 

 It is generally agreed that speech results from 
the production of a fundamental tone at the lar-
ynx and is modi fi ed by resonating chambers of 
the upper aerodigestive tract. Intelligible speech, 
therefore, represents the combined effect of the 
larynx, tongue, palate, and related structures of 
the oral vestibule. The fundamental tone is pro-
duced by vibration of the vocal folds against each 
other, powered by the passage of air between 
them. The passive nature of vocal cord vibration 
forms the basis of the aerodynamic theory of 
sound generation. Such a theory is supported by 
the observation that a completely paralyzed lar-
ynx is capable of producing sound, as is the 
cadaver larynx when air is blown through it. 
Furthermore, vocal cord vibration ceases when a 
tracheostomy is performed for diversionary pur-
poses. The aerodynamic theory of sound produc-
tion replaces the neurochronaxic theory proposed 
by Husson, who postulated that the central gen-
eration of RLN impulses produces cord vibra-
tions by active contraction of the thyroarytenoid 

muscles  [  47  ] . According to this theory, each 
vibration represented the result of beat-by-beat 
impulses through the RLN. This concept is no 
longer accepted as tenable on acoustic or neuro-
physiological grounds. 

 Although sound production may be consid-
ered a passive function, the regulation of its 
acoustic quality is not. Rather vocal cord shap-
ing and positioning are under active neurophysi-
ological regulation. During phonation the vocal 
folds are positioned near the midline by isotonic 
tensing provided by the cricothyroid muscles. 
Additionally, the thyroarytenoid muscles pro-
vide  fi ner shaping of the vocal folds. The effect 
of shaping may be appreciated when the vocal 
folds are viewed in the frontal plane during pho-
nation. During the production of high-pitched 
notes, the folds seen on cross section appear thin, 
but during low pitches the folds appear thick-
ened considerably. Thus, the frequency of vibra-
tion depends on the vibratory mass of both cords, 
their anteroposterior tension, functional damp-
ing at high pitches, and subglottic pressure. As 
pitch increases, the true cords lengthen and tense 
isotonically through the action of the cricothy-
roid muscles. Although cord lengthening alone 
might serve to lower pitch, cord thinning pro-
duced by thyroarytenoid action, which also 
increases the internal tension of the true cord, 
offsets this effect. It must also be recognized that 
the activity of the extrinsic laryngeal muscles 
affects pitch by altering the spatial relationship 
between the cricoid and the thyroid cartilages. 
The sternothyroid muscle is felt to in fl uence 
pitch in this way. Table  13.3   [  24  ]  summarizes the 
in fl uence of each of the intrinsic and extrinsic 
muscles on the shape and tension of the glottis 
during phonation.  

 In considering the phonatory process, a vari-
ety of factors necessarily contribute to the acous-
tic product as de fi ned in Table  13.4   [  22  ] .  

 A variety of feedback mechanisms aid in the 
 fi ne-tuning of the voice. The contribution of auditory 
input is demonstrated by observing a nonprofes-
sional singer’s ability to hit a desired note when 
hearing is masked by white noise. Mucosal 
receptors in the pharynx and larynx also supply 
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   Table 13.3    Characteristic functions of the laryngeal muscles in the vocal fold adjustments   

 CT  VOC  LCA  IA  PCA 

 Position  Paramed   Adduct    Adduct    Adduct    Adduct  
 Level  Lower  Lower   Lower   0   Elevate  
 Length   Elongate    Shorten   Elongate  (Shorten)   Elongate  
 Thickness   Thin    Thicken   Thin  (Thicken)  Thin 
 Edge   Sharpen    Round   Sharpen  0  Round 
 Muscle (body)   Stiffen    Stiffen   Stiffen  (Slacken)  Stiffen 
 Mucosa (cover and transition)   Stiffen    Slacken   Stiffen  (Slacken)  Stiffen 

   0  no effect;  ()  slightly;  italics  markedly;  CT  cricothyroid muscle;  VOC  vocalis muscle;  LCA  lateral cricoarytenoid 
muscle;  IA  interarytenoid muscle;  PCA  posterior cricoarytenoid muscle. Adapted from Hirano M. Clinical examination 
of voice. New York: Springer: 1981  

   Table 13.4    Parameters in the peripheral process of the production and perception of voice.   

 Level 

 Parameters that regulate vibratory 
pattern of vocal fold 

 Parameters that 
specify vibratory 
pattern 

 Parameters that specify sound 
generated 

  Physiologic    Physical    Physical    Acoustic    Psychoacoustic  

 Parameters  Neuromuscular 
control 

 (Primary)  Fundamental 
period 

 Fundamental 
frequency 

 Pitch 

 Respiratory 
muscles 

 Expiratory 
force 

 Symmetry  Amplitude 
(intensity) 

 Loudness 

 Periodicity 
 Laryngeal 
muscles 

 Vocal fold  Uniformity  Waveform 
 Position  Glottal closure  Acoustic 

spectrum 
 Quality 

 Shape and size  Amplitude 
 Elasticity  Mucosal wave  Fluctuations  Fluctuations 
 Viscosity  Speed of 

excursion 
 Articulatory 
muscles 

 State of vocal 
tract 
(Secondary) 

 Glottal area 
waveform 

 Pressure drop 
across glottis 
 Volume 
velocity 
 Glottal 
impedance 

important information, the transmission of 
which can be blocked by topical anesthetics. 
Finally, stretch receptors in the laryngeal joint 
capsules give critical proprioceptive information 
 [  27,   32,   48  ] . 

 Despite recent advances in our understanding 
of the mechanisms of the larynx, the precise 
mechanism of voice regulation remains a matter 
of continued fascination.       
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   Introduction 

 Breathing and swallowing are both essential func-
tions for survival and normally occur in mammals 
at different frequencies. The close anatomic rela-
tionship of the esophagus and trachea confers a 
substantial risk for deleterious respiratory conse-
quences in case of oral-pharyngeal dysfunction. 
Accordingly, redundant mechanisms to protect 
the airways from aspiration evolved. Despite the 
barriers to aspiration of meals, complications 
of oral contents reaching the upper and lower 
 airways are common. For example, in excess of 
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10 % of healthy patients over 70 years of age and 
~70 % of individuals poststroke are reported to 
have dysphagia and aspiration  [  1–  3  ] . The risk of 
dysphagia is greatly increased by chronic diseases 
such as COPD or congestive heart failure (CHF), 
and the presence of dysphagia extends hospital-
ization costs  [  3  ] . Therefore, pulmonary complica-
tions of aspiration are of some importance to 
clinicians. The focuses of this review are (1) 
developmental aspects of esophageal and pulmo-
nary growth; (2) anatomic and physiologic mech-
anisms of airway protection, including signaling 
pathways which control breathing and swallow-
ing; (3) methods to detect aspiration; (4) implica-
tions of disorders of swallowing in speci fi c 
respiratory disorders; and (5) summary and future 
directions.  

   Implications of Pulmonary and 
Esophageal Development 

 The mammalian lung  fi rst develops as an out-
pouching from the foregut endoderm into the 
adjacent splanchnic mesenchyme  [  4,   5  ] . 
Separate regions of the foregut differentiate 
into distinct thoracic and visceral organs. Lung-
buds elongate and branch, the foregut longitu-
dinally separates into the esophagus and trachea. 
This process begins by 3–4 weeks of embryonic 
development in humans. Many generations of 

dichotomous branching are completed prior to 
parturition; secularization and alveolarization 
occur both pre- and postnatally. 

   Congenital Abnormalities 

 The most frequent congenital disorder affecting 
breathing and swallowing is a tracheoesophageal 
 fi stula (TEF), which consists of a communication 
between the trachea and esophagus  [  5  ] . Because 
TEFs render ineffective most defenses against aspi-
ration, they lead to severe and sometimes fatal pul-
monary complications. The incidence of congenital 
TEFs is estimated to be one case in 2,000–4,000 
live births, and most patients with congenital TEFs 
are diagnosed immediately following birth or dur-
ing infancy. However, in rare cases, congenital 
TEFs are not detected until adulthood  [  6  ] . In excess 
of 50 % of children with TEFs have associated 
developmental anomalies including Down 
syndrome, duodenal atresia, and cardiovascular 
defects (patent ductus arteriosus, atrial septal 
defect, ventricular septal defect, or Tetralogy of 
Fallot)  [  5  ] . Congenital TEFs are classi fi ed into one 
of  fi ve groups (see Fig.  14.1 ;  [  5  ] )  based upon their 
anatomy. Proximal esophageal atresia and distal 
 fi stulous connection to the esophagus to the trachea 
are far the most common of these abnormalities.  

 Acquired TEFs occur secondary to malignant 
disease, infection, ruptured diverticula and trauma. 
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diaphragm
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  Fig. 14.1    Five variations of tracheoesophageal  fi stulas based upon anatomy and frequency of presentation       
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TEFs may also develop following prolonged 
mechanical ventilation with either an endotra-
cheal or tracheostomy tube  [  5  ] . Diagnosis of this 
condition is often delayed or missed since signs 
and symptoms are indistinguishable from venti-
lator-associated pneumonia, e.g., cough, aspira-
tion, fever and in fi ltrates on roentgenographic 
studies of the chest. Instillation of contrast media 
into the esophagus or by direct visualization by 
 fl exible esophagoscopy or bronchoscopy can be 
diagnostic. However, because communication 
tracts between the trachea and esophagus are 
generally small and movement of  fl uid between 
these structures is intermittent, persistence and a 
high index of suspicion may be required to make 
the diagnosis  [  5  ] .   

   Anatomy and Physiology 
of Deglutition 

 Deglutition is traditionally divided into three 
neuro-anatomical phases: oral, pharyngeal and 
esophageal  [  7  ] . When food enters the mouth, the 
oral phase begins with manipulation of the bolus. 
The orbicularis oris and buccinators muscles 
 provide support to maintain the bolus in the oral 
cavity, while the teeth accomplish mastication. 
Food is reduced to small particles using pri-
marily temporalis, masseter, medial and lateral 
pterygoid muscles. Mechanoreceptor cells con-
centrated on the tip of the tongue and soft palate 
provide information about the position and size 
of food bolus via trigeminal nerve. The oral trans-
port phase starts with peristaltic movements of 
the tongue that stimulates mechanoreceptors in 
the hard palate. This phase is voluntary and is 
controlled by the cerebral cortex and the corti-
cobulbar tracts. 

 When the bolus is transferred to the orophar-
ynx, the pharyngeal phase of swallowing is 
 initiated  [  8  ] . From this point forward, swallow-
ing is involuntary. Mediated largely by vagus and 
glossopharyngeal nerves, pharyngeal swallow-
ing involves synergized contractions of genio-
glossus and mylohyoid muscles and cooperative 
actions of suprahyoid musculature  [  7  ] . In this 
phase of swallowing, the primary risk to aspira-

tion during eating and drinking occurs. 
Coordinated contraction of more than 29 pairs 
of muscles contribute to tongue retraction, 
velopharyngeal closure, pharyngeal contraction, 
closing of the larynx at the level of the true vocal 
cords, false vocal folds and epiglottis-aryepi-
glottic folds. Key to protection of the airway is 
descent of the epiglottis and elevation of the 
arytenoid processes to provide an anatomic bar-
rier to entry of liquids or solids into the airway. 
Also serving as a barrier to aspiration, the vocal 
cords are maximally adducted and do not reopen 
until the pharyngeal phase of swallowing is 
complete  [  9  ] . Interestingly, vocal cord closure 
may be neurally controlled via pathways that 
are independent from swallow apnea  [  10  ] . The 
pharyngeal phase ends with elevation of the lar-
ynx, relaxation of the cricopharyngeal muscle 
 [  8  ] , and by-passage of food bolus through the 
upper esophageal sphincter (UES). These com-
plex interactions take place in less than 1 s. 

 The  esophageal phase  is the last facet of swal-
lowing, which involves the movement of the 
bolus from the cervical esophagus to the stom-
ach by a peristaltic wave coordinated by the 
brain stem and the intrinsic myenteric plexus. 
The lower esophageal sphincter (LES) is located 
near gastroesophageal junction  [  7,   8  ] . Stimulation 
of the vagus nerve by food passage through the 
esophagus causes inhibition of LES activity and 
a decrease in tonic myotonic activity. 

   Swallowing Apnea 

 Beyond the anatomical barriers to aspiration 
de fi ned above, a fundamental protective mecha-
nism of the lungs is a cessation of breathing 
during swallowing, or “swallowing apnea”  [  10, 
  11  ] . Mechanisms to coordinate swallowing with 
breathing include neural and physiological inter-
connections (signaling pathways), the exact nature 
of which remains uncertain despite intense inter-
est in this area for more than 30 years. However, 
several characteristics of swallowing apnea are 
well established. The breathing cycle is not sim-
ply paused during swallowing. Rather a different 
pattern of breathing during swallowing emerges 
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 [  12  ] . In normal subjects, swallowing apnea most 
often interrupts the exhalation phase of respira-
tion, with completion of exhalation after swal-
lowing and before initiation of a new breath. 
However, conscious humans are able to swallow 
and stop in any phase of a breathing cycle. Apnea 
begins just before the pharyngeal phase of swal-
lowing and prior to the onset of laryngeal eleva-
tion and continues through all pharyngeal phases 
of deglutition.  

   Phase Effects of Swallowing 

 Swallowing during either inspiration or expiration 
is reported to increase the phase of respiration in 
which it occurs, but the effects of swallowing on 
breathing appear more complex than that  [  13  ] . In 
unanesthetized goats, Feroah et al. observed mul-
tiple, within-cycle effects on respiratory timing 
and output. During inspiration, the later the onset 
of swallowing, the greater the increases in inspira-
tory time and tidal volumes. Swallows which 
occur later in the expiratory phase increase expi-
ratory time, and cause increases in inspiratory 
time and tidal volumes in the subsequent breath 
 [  13  ] . Costa and Leme  [  10  ]  con fi rmed a similar 
coordination in human subjects and noted that 
cessation of breathing occurred just under 90 % of 
the time in periods of lowest elastic resistance of 
the lung (end expiration or early inspiration). 
They concluded that neural mechanisms respon-
sible for the interruption of the breathing cycle 
during swallowing may be linked to the elastic 
resistance of the lungs. 

 If anatomic barriers and swallow apnea are 
insuf fi cient to prevent aspiration, the last line of 
defense is a cough. Involuntary or re fl exive cough 
can be activated by mechanical or chemical stim-
ulation of irritant receptors in either the larynx or 
trachea  [  14  ]  which then carry afferent signals 
through the vagus to initiate a cough. The central 
nervous system (CNS) coordinates closure of the 
epiglottis and larynx and simultaneously, con-
traction of abdominal and intercostal muscles, 
thereby increasing the subglottic pressure. When 
the vocal cords open, air is expelled past the 

upper airway at speeds in excess of 100 miles per 
hour. In addition to clearing airway secretions, 
coughing evicts aspirated food and liquid from 
the lower respiratory tract. Thus, re fl exive cough 
forms one more line of protection against trache-
obronchial aspiration.  

   Central Neuronal Mechanisms That 
Facilitate Coordination of Swallowing 
and Breathing 

 Central pattern generators (CPGs) for breathing 
are located in the dorsomedial and ventrolateral 
brain stem (see Fig.  14.2 ). The best recognized 
respiratory centers consist of the dorsal respira-
tory group and the ventral respiratory column 
in the medulla and pneumotactic centers in the 
pons  [  13,   15  ] . Swallowing CPGs are largely 
located in the medulla oblongata and include a 
dorsal swallowing group (DSG) in the nucleus 
tractus solitarius and a ventral swallowing 
group (VSG) within the ventrolateral medulla 
above the nucleus ambiguus. Both respiratory 
and swallowing centers receive afferent sensory 
input from the laryngeal via the vagal nerves, as 
well as modulating signals from cortical cen-
ters and several other CNS sites such as the cer-
ebellum  [  11  ] .  

 There is a great deal of cross-talk between 
swallowing and respiratory CPGs. For example, 
about one half of the VSG inspiratory augment-
ing and decrementing neurons exhibit discharge 
during swallowing. This neural exchange and 
synaptic inhibition facilitates coordination of 
swallowing and breathing, including inhibition 
of diaphragmatic contraction during swallowing 
 [  11  ] . Input to the respiratory CPG triggers pro-
tective and expulsive re fl exes,  fi rst through effer-
ents to pre-motoneurons, then to motor neurons 
including the cranial nerves VI, IX, X, and XII 
(which control pharyngeal and genioglossus 
muscles), diaphragmatic, abdominal and inter-
costals muscles  [  11  ] . Loss of swallow apnea due 
to central or motor dysfunction is associated 
with dysphagia, coughing, aspiration and weight 
loss  [  16  ] .  
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   Signaling Pathways Through Which 
Esophageal Disorders Affect Breathing 

 There are excellent data in experimental animals 
that acidi fi cation of the distal esophagus with 
physiological concentrations of hydrochloric acid 
(HCl, 0.1 N) results in not only modest decreases 
in the diameter of small airways, but also sub-
stantial increases in mucous secretion or airway 
microvascular leakage and decreased tracheomu-
cociliary transport  [  17,   18  ] . Signaling mecha-
nisms through which esophageal acidi fi cation 
stimulate the airways are incompletely under-
stood. Broadly, these signaling mechanisms may 
consist of neural or humoral pathways. Below, 
we summarize signaling pathways which have 
been reported to link esophageal acidi fi cation to 

bronchoconstriction or stimulated mucous secre-
tion (see Table  14.1 ).  

  Neural  ( re fl ex ). Bronchoconstriction in persons or 
experimental animals with acid re fl ux and mild 
asthma is decreased by treatment with atropine or 
vagotomy, suggesting mediation by the vagus 
nerve and cholinergic release  [  19,   20  ] . Most inves-
tigators now accept this signaling pathway and 
involvement of some of the below intermediates 
as a good explanation of most gastroesophageal 
re fl ux disease (GERD)-induced bronchospasm. 

  Tachykinins.  In the airways, the activation of 
C- fi ber afferent nerves leads to local release of 
tachykinins, a group of neuropeptides including 
substance P (SP), neurokinin A (NKA), neurokinin 
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  Fig. 14.2    Sensory input from the laryngeal and vagal 
nerves as well as higher cortical sites feed input to the 
respiratory central pattern generators (CPGs) for 
 breathing located in the dorsomedial and ventrolateral 
brain stem and swallowing CPG located in the medulla 
oblongata. Respiratory centers consist of the dorsal 
respiratory group and the ventral respiratory column 
in the medulla and pneumotactic centers in the pons. 

Swallowing centers include the dorsal swallowing group 
(DSG) in the nucleus tractus solitarius and a ventral 
swallowing group (VSG). There is overlap and cross-
talk between swallowing and respiratory CPGs. Efferents 
to pre-motoneurons, then to motor neurons including the 
cranial nerves VI, IX, X, and XII control pharyngeal and 
genioglossus muscles, diaphragmatic, abdominal and 
intercostals muscles       
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B (NKB). Tachykinins are present in  several 
types of peripheral tissues, including the gas-
trointestinal tract, they induce bronchospasm, 
increase in microvascular permeability, vasodila-
tation, stimulation of glandular secretions, facili-
tation of cholinergic neurotrans-mission and the 
 recruitment and activation of neutrophils  [  21  ] . 
HCl-induced sensory nerve stimulation in the 
esophagus evokes release of tachykinins probably 
through para-sympathetic ganglions, which act on 
neurokinin (NK)1 and NK2 receptors in the air-
ways to evoke bronchoconstriction  [  22,   27  ] . 

  Vanilloid receptors.  Transient Receptor Potential 
Vanilloid (TRPV) 1 receptors are present on 
intrinsic neurons in the esophageal submucosa 
and esophageal epithelial cells  [  23  ] . HCl-induced 
activation of TRPV1 receptors in the esophageal 
mucosa causes release of substance P and calci-
tonin gene receptor peptide (CGRP) from neu-
rons as well as release of PAF substance P, which 
are hypothesized to cause a subsequent cascade 
of in fl ammatory mediators in the lung  [  25  ] . 

  Nitrogen oxides.  Release of tachykinins or 
other proin fl ammatory mediators from airway 
branches of the vagus nerve (so-called neurogenic 

in fl ammation) enhances acid production and 
release in the airways, through recruitment of 
neutrophils and other such cells  [  24  ] . Acids 
stimulate release of nitric oxide (NO) from any 
other three major nitric oxide synthase isoforms 
in the airway. Excess NO promotes the formation 
of injurious nitrospecies including peroxynitrite, 
pernitrous acid, and other reactive  species which 
nitrate tyrosine residues. It is postulated that 
tyrosine residues have adverse effects on both the 
innate and acquired immune systems  [  24  ] . 

  Opioid receptors.  Activation of opiod receptor-like 
1 receptors (NOP) inhibits airway microvascular 
leakage induced by HCl in guinea pigs  [  18,   26  ] . It 
is postulated that opioid receptors play a role in 
regulating tachykinin transmission in the airways, 
acting on sensory nerves at the presynaptic level.   

   Methods to Detect Aspiration 

 A problem common to all studies addressing the 
importance of aspiration in lung function is sub-
stantial limitations to the methods presently 
available to detect this condition. Below (and 
summarized in Table  14.2 ), we review the advan-
tages and challenges of tests to detect aspiration.  

 Video fl uoroscopic swallow studies are widely 
available, noninvasive and remain the standard 
against which other methods to detect aspiration 
are measured. When  fl uoroscopic aspiration is 
observed, there is a correlation to pulmonary com-
plications including pneumonias (e.g.,  [  28,   29  ] ). 
Alternatively, direct visualization of meal penetra-
tion into the trachea can be achieved by  fl exible 
endoscopic evaluation during swallowing  [  30  ] . 
While potentially useful, these examinations miss 
intermittent aspiration. In addition, penetration of 
particularly liquid meals past the vocal cords, 
though not to lower airways, has been reported in 
11 % of normal individuals  [  29  ] . 

 Aspiration has also been detected by labeling 
meals with radionucleotide tracers such as tech-
netium and then assessing pulmonary signals. 
This technique appears to be plagued with false 
negatives (low sensitivity) and frequent positive 
results in apparently normal subjects  [  31–  33  ] . 

   Table 14.1    Signaling of bronchoconstriction, extravasa-
tion of  fl uids   

 Signaling 
Pathway  Mechanism of action  References 

 Re fl ex 
theory 

 Vagus nerve and cholinergic 
stimulation of airway 

  [  19,   20  ]  

 Tachykinins  tachykinins act on NK1 and 
NK2 receptors in the 
airways to evoke bronchoc-
onstriction plasma 
extravasation 

  [  21–  23  ]  

 Nitrogen 
oxides 

 NO release from smooth 
muscle increases nitroty-
rosine and activation of 
vanilloid receptors 

  [  24  ]  

 Vanilloid 
receptors 

 TRYPV1 receptors are 
increased by esophagitis and 
mediate vagally effected 
pulmonary in fl ammation 

  [  23,   25  ]  

 Opiod 
receptors 

 Plasma extravasation 
induced by esophageal HCl 
is mediated by pre-junc-
tional opiod receptors 

  [  18,   26  ]  
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 pH monitoring of the distal and proximal 
esophagus has been proposed as a means to detect 
re fl ux and aspiration of acid gastric contents, 
particularly that contributing pathophysiologi-
cally to asthma  [  34  ] . However, the strongest 
correlation between acidi fi cation and bronchoc-
onstriction derives from pH probes inserted into 
the trachea through the cricothyroid membrane, 
thereby documenting acidi fi cation of the upper 
airway  [  44  ] . If true, noninvasive monitoring of 
airway pH in asthmatic individuals attains clinical 
signi fi cance  [  24  ] , but accurate measurements of 
this endpoint remain elusive  [  41  ] . The invasive 
nature of placing transcricothyroid pH probes 
limits this approach. 

 Winterbauer et al.  [  35  ]   fi rst suggested measure-
ments of glucose via glucose oxidase test strips in 
respiratory secretions to detect acid re fl ux. The 
basis for this test is the fact that glucose concentra-
tions in respiratory secretions in normal subjects 
are normally less than 5 mg/dL, whereas enteral 
feedings have glucose concentrations in excess of 
300 mg/dL. Contamination of specimens by even 

relatively small amounts of blood can raise 
glucose concentrations in the absence of aspira-
tion. In addition, the likelihood of detecting 
elevated glucose concentrations in respiratory 
secretions from individuals not receiving enteral 
foods decreases greatly. 

 Identi fi cation of lipid-laden macrophages in 
respiratory secretions obtained by bronchoal-
veolar lavage (BAL) is frequently cited as evi-
dence of aspiration  [  36  ] . However, the presence 
of lipid-laden macrophages in airway  fl uids 
lacks sensitivity and speci fi city, and the samples 
cannot be obtained easily in an unanesthetized 
subject  [  37,   38  ] . 

 Addition of dyes such as methylene blue to 
enteral feedings to detect aspiration in suctioned 
secretions has been used historically  [  39  ] . Not 
only does this additive stain skin, urine and stool 
green, but it can also be absorbed across intesti-
nal mucosa resulting in mitochondrial poisoning 
 [  40  ] . Therefore, use of this method to identify 
aspiration has fallen out of favor. 

 Finally, detection of proteins unique to the 
digestive tract (e.g., pepsin) or acid pH in exhaled 
breath condensates or secretions has theoretical 
potential to identify aspiration  [  41–  43  ] . Accurate 
measurements of solute dilution by water vapor 
or BAL and suf fi cient sensitivity of assays limit 
the utility of this method at this writing  [  41  ] .  

   Lung Diseases and Aspiration 

 Many lung diseases are associated with aspira-
tion, but the nature and scope of this relationship 
are debated. There are two mechanisms by which 
micro-aspirations produce lung disease: (1) neu-
ral mechanisms occurring during re fl ux events 
limited to the lower esophagus (distal gastroe-
sophageal re fl ux) and (2) direct effect from gas-
tric contents re fl uxed above the UES (proximal 
gastro esophageal re fl ux) producing upper airway 
injury and, if aspirated into the tracheobronchial 
tree, lung disease (e.g.,  [  45  ] ). Below (and in 
Table  14.3 ), we review the data implicating aspi-
ration in pulmonary disorders including cough, 
asthma or COPD, lung transplant and  fi brosing 
lung diseases.   

   Table 14.2    Detection of aspiration   

 Method of 
detection  Challenges  References 

 Video fl uoroscopic 
or direct visualiza-
tion of aspiration 
of meal into 
trachea 

 Gold standard, but 
misses intermittent 
and/or small volume 
aspiration 

  [  28–  30  ]  

 Radionucleotide 
tracers 

 High rate of false 
positive 

  [  31–  33  ]  

 pH detection in 
trachea 

 Invasive and does not 
correlate well to 
clinical disorders 

  [  34  ]  

 Measurement of 
glucose in 
respiratory 
secretions or 
lavage 

 False positive with 
blood in the airway, 
less useful in the 
absence of enteral 
feedings 

  [  35  ]  

 Lipid-laden 
macrophages 

 Limited sensitivity and 
speci fi city 

  [  36–  38  ]  

 Dyes (methylene 
blue) 

 Mitochondrial toxicity   [  39,   40  ]  

 Detection of 
GI-speci fi c 
proteins, solutes, 
or pH in exhaled 
breath condensates 

 Dif fi culty in determin-
ing dilution of 
respiratory droplets; 
sensitivity of assays 
inadequate 

  [  41–  43  ]  
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   Cough and Aspiration 

 Re fl ux-associated cough has been recognized for 
many years, with primary care and pulmonary phy-
sicians consistently reporting up to 40 % of patients 
with chronic cough responding to anti-re fl ux ther-
apy  [  14  ] . Despite these impressive numbers, ran-
domized placebo-controlled trials linking acid 
suppression therapy and cough are inconclusive. 
Re fl exive cough while eating and drinking in adult 
patients with an abnormal pharyngeal swallow 
phase supports cough secondary to aspiration  [  16  ] . 
Symptoms and  fi ndings that suggest that the cough 
is associated with penetration or aspiration include 
increased cough with thin—as opposed to thick—
liquids, a history of stroke or progressive neuro-
logic disease, a history of oropharyngeal dysphagia, 
a history of head and neck cancer or head and neck 
surgery, the presence of a wet vocal quality, hoarse-
ness and coughing with meals as opposed to after 
meals  [  46  ] . Some patients with a hypersensitive 
larynx also report coughing with meals. Hence it is 
important to differentiate persons with a hypersen-
sitive larynx from persons with oropharyngeal dys-
phagia who are at risk for aspiration.  

   Cough Response to Tussigenic 
Challenges 

 Impaired cough re fl ex sensitivity in response to 
tussigenic challenges has been reported to pre-
dict the development of pneumonia in the 
elderly  [  65  ] . Cough sensitivity to inhaled cap-
saicin was measured in a small consecutive 
group of patients ( n  = 7) with recurrent pneu-
monia (2–6 episodes each), all of whom had 
chest radiographic  fi ndings consistent with 
aspiration. The concentration of capsaicin 
needed to induce re fl ex coughs was higher 
( p  < 0.0001) in pneumonia patients than in age- 
and gender-matched control subjects, implying 
that patients with recurrent pneumonia had 
reduced sensitivity to stimulation of irritant 
receptors in the laryngeal area  [  66  ] . Not all 
investigators have found a tight correlation 
between pneumonia and positive tussigenic 
challenges  [  67  ] . For example, cough thresholds 
to inhaled capsaicin in patients ( n  = 28) with a 
variety of neurologic impairments were not dif-
ferent based upon normal or abnormal swallow 
studies ( n  = 28)  [  68  ] .  

   Table 14.3    Respiratory disorders related to GERD or aspiration   

 Disorder  Factors linking this disorder to GERD 
 Limitations to pathophysiologic 
relation to GERD  References 

 Cough  Roughly 40 % patients with chronic 
cough respond to anti-re fl ux therapy 

 Randomized controlled trials do 
not support improvement in cough 
with acid-suppressive therapy 

  [  14,   16,   46  ]  

 Asthma and COPD  Treatment of GERD improves asthma 
control in some trials; experimental 
studies support bronchoconstriction by 
esophageal acidi fi cation 

 Treatment of GERD does not 
consistently improve objective or 
subjective symptoms of asthma 

  [  44,   47–  53  ]  

 Lung transplant  Correlation between severity of re fl ux 
and bile acid presence in BAL with 
bronchiolitis obliterans 

 Treatment of GERD alone does 
not prevent deterioration of lung 
function after lung transplantation 

  [  54–  58  ]  

 Scleroderma  Esophageal re fl ux is increased in patients 
with scleroderma correlated with the 
severity of disease 

 Association severity of GERD and 
scleroderma may represent disease 
severity 

  [  59–  62  ]  

 Interstitial pulmonary 
 fi brosis 

 Aspiration may cause acute exacerba-
tions and prevalence is increased 

 A minority of patients with IPF 
have proximal re fl ux aspiration 

  [  63,   64  ]  
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   Asthma and COPD 

 Asthma affects roughly 9 % of the population, 
while GERD symptoms occur daily in approxi-
mately 7–20 % of the US adult population  [  47  ] . 
Therefore, many asthmatic patients should also 
have GERD purely based on the probability of 
having two common diseases. However, asth-
matic patients have a greater prevalence of 
GERD (up to 80 % in some studies) than the 
general population, which has led to consider-
ation of a pathologic link between the two dis-
ease states. Although many asthmatic patients 
with positive pH probe  fi ndings have typical 
GERD symptoms such as heartburn, approxi-
mately 40 % are asymptomatic  [  48  ] . 

 Because acidi fi cation of the distal esophagus 
induces bronchospasm and micro-aspiration 
induces chronic in fl ammatory changes  [  17,   69  ] , 
it is postulated that GERD and asthma are 
pathophysiologically linked. In addition, descent 
of the diaphragm in the setting of lung 
hyperin fl ation increases the pressure gradient 
between the abdomen and chest and may cause 
the LES to herniate into the chest where its bar-
rier function is impaired  [  70  ] . Compounding 
matters, asthma medications may promote acid 
re fl ux; beta agonists and methylxanthine bron-
chodilators decrease LES tone, which may foster 
acid re fl ux. Several studies suggesting that treat-
ment of GERD improved asthma control 
prompted recommendations for such treatment in 
all poorly controlled asthmatic patients, irrespec-
tive of GERD symptoms (Table  14.3 )  [  44,   49  ] . 
Improvement of asthma control in more than 
80 % of patients in some studies who undergo 
laparoscopic fundoplication further supports the 
notion that esophageal re fl ux plays a role in 
asthma  [  71  ] . 

 However, clinical trials are inconsistent in 
demonstrating positive effects of acid suppres-
sion on lung function, asthma symptoms, or 
asthma-related quality of life  [  50,   72  ] . A meta-
analysis concluded that treatment of GERD with 
the goal of improving asthma control cannot be 
supported by the literature  [  73  ] . Littner et al.  [  51  ]  
conducted a 6-month placebo-controlled trial 

involving 207 patients with moderate-to-severe 
asthma with symptomatic GERD treated with 
lanzoprazole twice daily. Treatment of symptom-
atic GERD resulted in a reduction in exacerba-
tions and an improvement in asthma-related 
quality of life, but did not improve the primary 
outcome of daily asthma symptoms  [  51  ] . 
Kiljander et al.  [  49  ]  conducted a similar trial 
involving patients with mild-to-moderate asthma 
and patient reported symptoms of gastroesopha-
geal re fl ux treated with proton pump inhibitors. 
Overall, there were no improvements in daily 
peak expiratory  fl ow rate, exacerbations, or 
asthma symptoms in patients treated for GERD. 
A subsequent study  [  52  ]  reported that patients 
with moderate to severe GERD experienced mod-
est improvement in asthma control with anti-
re fl ux therapy. 

 To evaluate the potential effect of  silent  GERD 
on asthma control, the Asthma Clinical Research 
Centers (ACRC) conducted a trial of patients 
with poorly controlled asthma without symptoms 
of GERD on a stable dose of inhaled corticoster-
oids. Participants were randomized to proton 
pump inhibitor esomeprazole (40 mg twice daily) 
or placebo and followed for 6 months  [  48  ] . 
Patients treated with esomeprazole did not expe-
rience any bene fi t with respect to the rate of 
asthma attacks, asthma symptoms, nocturnal 
awakening, quality of life, or lung function. In 
addition, nearly half of the participants had silent 
GERD based upon ambulatory pH probe mea-
surements. No subgroup likely to bene fi t from 
therapy with proton pump inhibitors was 
identi fi ed  [  48  ] . 

 Acid re fl ux may not correlate with asthma 
even if there is a pathophysiologic relationship. 
Ambulatory 24-h esophageal pH monitoring is 
the reference standard for the diagnosis of gas-
troesophageal re fl ux. Acid re fl ux is diagnosed 
when distal esophageal pH is less than 4 for  ³  5 % 
of the total study time, a de fi nition which corre-
lates well with endoscopically diagnosed erosive 
esophagitis  [  74  ] . Poor correlation between asthma 
and re fl ux may be because 24-h pH studies do not 
evaluate the volume or proximal extent of re fl ux, 
factors that may be important for the develop-
ment of pulmonary symptoms. In fact, Tomonaga 
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et al.  [  75  ]  reported that patients with acid re fl ux 
detected at both a proximal and distal pH probe 
had a higher incidence of nocturnal cough than 
those in whom acid re fl ux was detected only at 
the distal probe. On the other hand, the ALA–
ACRC Study of Acid Re fl ux and Asthma (SARA) 
trial demonstrated no effect on asthma control 
with acid suppression targeted to neutralization 
of proximal versus distal GERD or both proximal 
and distal GERD  [  76  ] . There is also some evi-
dence that nonacid re fl ux may impact asthma 
control  [  53  ] . Re fl ux of pepsin, bile acids, or pan-
creatic enzymes, or mechanical distention of the 
esophagus could elicit symptoms in patients with 
asthma that are resistant to proton-pump inhibi-
tors. Based upon available data, we conclude that 
(a) there is no clear bene fi t of treatment with a 
proton pump inhibitor in patients with poorly 
controlled asthma and (b) pH probe monitoring 
does not identify asthmatic patients likely to 
bene fi t from GERD treatment.  

   Lung Transplant and GERD 

 Lung transplantation has become a life-saving ther-
apy for patients with end-stage lung disease, but a 
major limitation to the long-term success of this 
therapy is the development of posttransplant bron-
chiolitis obliterans, a process of  fi brous obliteration 
of the small airways with progressive air fl ow 
obstruction. Bronchiolitis obliterans usually devel-
ops between 6 months and 2 years after transplant 
and affects 50–60 % of patients within 5 years after 
transplant  [  54  ] . It is increasingly clear that bronchi-
olitis obliterans (BO) represents the response of the 
lung to multiple injurious processes, possibly 
including GERD and/or aspiration. 

 Immunosuppressive drugs prolong gastric emp-
tying. Combined with potential for iatrogenic vagal 
nerve injury during lung implantation, GERD may 
be exacerbated after lung transplantation  [  55,   77  ] . 
Lung defense mechanisms such as cough re fl ex and 
mucociliary clearance of foreign bodies are 
signi fi cantly impaired in lung transplant patients 
 [  78  ] . It is postulated that a prolonged contact time of 
aspirated gastric contents may lead to greater lung 
injury. Aspirated material can act as detergents in 

disrupting the lipid layers of pulmonary surfactant. 
Alternatively, bile acids may cause direct injury to 
type-II pneumocytes responsible for the surfactant 
protein, phospholipid production and homeostasis 
 [  79  ] . Furthermore, bile acids appear to downregu-
late the innate immunity via speci fi c receptors 
(TGR5) abundantly expressed in monocytes and 
macrophages  [  80  ] . Rabbit alveolar macrophage 
phagocytosis and lipopolysaccharide-stimulated 
cytokine production are impaired by bile acid. By 
disrupting loco-regional innate immunity, GERD 
aspirate may promote infections and/or maintain 
chronic infections and this could secondarily be 
responsible for upregulation of the adaptive immune 
response  [  81  ] . Recent evidence suggests that BO is 
associated with impaired innate defenses within the 
lungs. Some combination of these defects may 
account for accelerated aspiration-induced lung 
injury in persons with transplanted lungs. 

 Hartwig et al.  [  56  ]  documented that chronic 
aspiration of acid gastric material accelerates the 
pulmonary allograft dysfunction in a rat model of 
lung transplantation. It is not clear if the injurious 
agent is gastric acid or other gastro-duodenal 
components such as pepsin, trypsin, or bile acids. 
D’Ovidio et al.  [  82  ]  reported abnormal esopha-
geal pH measurements in 30 % of lung transplant 
patients 3 months after transplantation and in 
50 % of lung transplant patients 1 year after lung 
transplantation. Seventy percent of patients with 
high levels of bile acids in bronchoalveolar lavage 
 fl uid (BALF) will develop bronchiolitis obliterans 
1 year after lung transplant, and nearly one-third 
of patients posttransplant will have only nonacid 
re fl ux  [  57  ] . Atkins et al.  [  83  ]  reported that 64 % of 
lung transplant patients aspirate during swallow-
ing and 78 % of these were asymptomatic. These 
patients have increased frequency of BO. Young 
et al.  [  84  ]  documented increased GERD and 
increased acid contact time after lung transplanta-
tion. GERD correlates with worse results in pul-
monary function tests (PFTs) in posttransplant 
population  [  58  ]  and retrospective analyses sug-
gest that anti-re fl ux procedures could improve 
pulmonary function in patients with BOS and 
GERD  [  85  ] . Complicating interpretation of 
these data are the facts that GERD symptoms 
are frequently absent posttransplantation due to 
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esophageal denervation and do not correlate with 
objective measurements of esophageal pH. 

 Conservative therapy for GERD including 
proton pump inhibitors is usually insuf fi cient to 
prevent BO after lung transplant, possibly because 
it does not prevent nonacid re fl ux and aspiration. 
Besides prednisone, azithromycin is now advo-
cated in patients with BO because of its anti-
in fl ammatory, antibacterial and pro-motile effect; 
esophageal motility; or promotion of ciliary 
motion  [  86  ] . Other experimental therapies includ-
ing endoscopic re fl ux therapy with endoluminal 
gastroplication, suturing, radiofrequency abla-
tion, or injecting the gastroesophageal junction to 
decrease GER have been advocated  [  55,   87  ] . 

 When conservative therapies for re fl ux fail in 
transplant patients, surgical interventions have 
been advocated. Balsara et al.  [  88  ]  suggest that 
anti-re fl ux surgery in this population may increase 
survival and improved lung function. Limited 
data support early fundoplication (within 90 days 
after lung transplant) as yielding better outcomes 
than late fundoplication, possibly because patients 
with more advanced BO have irreversible  fi brotic 
changes  [  55,   88  ] . Published reports favor laparo-
scopic over open anti-re fl ux procedures in lung 
transplant patients  [  55  ] . Although these results 
are intriguing, prospective randomized clinical 
trials are needed to determine the relationship 
between aspiration and BO as well as the role of 
interventions in prevention of this disorder.  

   Fibrosing Lung Diseases 

 The classic  fi brosing lung disease, interstitial 
pulmonary  fi brosis (IPF) progresses to death 
within 3–5 years in most patients. Recurrent 
micro-aspiration has been identi fi ed as a poten-
tial risk factor for IPF and is postulated as 
pathophysiologically important  [  45  ] . Esophageal 
dysfunction occurring in a variety of interstitial 
lung diseases has been reported  [  89  ] , suggesting 
that GERD in  fi brotic lung diseases results from 
other than disease-speci fi c changes in pulmonary 
mechanics and trans-diaphragmatic pressure gra-
dient. Bile acids, identi fi ed in increased levels in 
the sputum of patients with GERD  [  79  ] , induce 

in vitro production of transforming growth factor 
(TGF)- b 1 by human epithelial cells. As TGF- b  is 
an important mediator of the  fi bro-proliferative 
processes in IPF  [  90  ] , this mechanism is postu-
lated to contribute to development and progres-
sion of this disease. Below, we review data related 
to speci fi c  fi brotic diseases and aspiration.  

   Scleroderma-Associated Lung Fibrosis 

 Studies evaluating the role of esophageal re fl ux in 
the development of scleroderma-associated pul-
monary  fi brosis are limited to small case series 
employing a variety of indices of esophageal func-
tion. Johnson et al.  [  91  ]  studied 13 patients with 
scleroderma, all of whom had abnormal LES func-
tion and biopsy evidence of GERD. Ten of these 
patients had a reduced diffusing capacity for car-
bon monoxide ( D  

L,CO
 ), a proxy for capillary sur-

face area, which was inversely correlated with 
GERD severity. Two patients had aspiration as 
demonstrated by scintigraphic study. Another 
series of 43 patients demonstrated a correlation 
between abnormal esophageal motility and poor 
lung function  [  59  ] . Kinuya et al.  [  92  ]  evaluated 47 
scleroderma patients and found that higher esoph-
ageal retention of a nuclear tracer (a marker of 
impaired peristalsis) correlated with impairment in 
both  D  

L,CO
  and forced vital capacity. Marie et al. 

 [  60  ]  studied 43 scleroderma patients with esopha-
geal manometry showing that although the patients 
did not differ with respect to disease duration, sys-
temic disease manifestations, or in fl ammatory 
markers, more severe esophageal dysfunction was 
correlated with interstitial changes as shown by 
high-resolution computed tomography (HRCT) 
and reduced  D  

L,CO
 , with a trend toward lower lung 

volumes. Savarino et al.  [  61  ]  studied 40 consecu-
tive scleroderma patients with combined esopha-
geal pH and impedance testing. HRCT evidence of 
pulmonary  fi brosis was found in 18 out of 40 
patients, and this group had signi fi cantly lower 
LES pressure, more esophageal acid exposure and 
more total and proximal re fl ux events. They also 
had a higher percentage of proximal re fl ux epi-
sodes compared to those without  fi brosis. In con-
trast, another study of 47 patients found that the 
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presence of proximal re fl ux was not correlated 
with lung function, although  D  

L,CO
  was reduced in 

patients both with and without re fl ux  [  62  ] . These 
studies may support the premise that recurrent 
aspiration could play a role in the progression of 
scleroderma-associated lung  fi brosis. It is equally 
possible that the association of pulmonary and 
esophageal dysfunction simply re fl ects a more 
advanced stage of disease.  

   Interstitial Pulmonary Fibrosis 

 Similar to scleroderma, patients with IPF have a 
high prevalence of GERD, supporting the hypothe-
sis that recurrent occult micro-aspiration may drive 
ongoing  fi brosis. There is some evidence that micro-
aspiration can cause acute exacerbations in addition 
to being a primary cause of IPF. Mays et al.  [  63  ]  
reported 131 patients with radiographic pulmonary 
 fi brosis; six of these patients had recurrent aspira-
tion as their primary diagnosis. Another 63 were 
ultimately diagnosed as “idiopathic”  fi brosis, and 
79 % of this group had symptoms of GERD. 

 Recognition of GERD as a potential etiological 
factor in IPF has important treatment implications. 
Trials of therapy for GERD in patients with estab-
lished IPF are limited to one retrospective case 
series of four patients with IPF and documented 
GERD who were treated with only proton pumps 
inhibitors (PPI)  [  64  ] . With treatment, these patients 
stabilized or improved over a 2–3-year period. 
While micro-aspiration is inferred as a contributor 
to IPF, scintigraphic studies in patients with upper 
airway complaints suggest that this may be a false 
assumption as only a minority of patients with IPF 
have proximal re fl ux aspiration  [  93  ] . The question 
of whether GERD initiates the  fi brotic process, 
participates in driving already established  fi brosis, 
or is an irrelevant bystander remains unresolved.  

   Treatment of Oralpharyngeal 
Dysphagia 

 Therapy for oralpharyngeal    dysphagia has been 
reported to result in a reduction of swallowing-
related medical complications, chest infection, 

and death or institutionalization and an increase 
in the proportion of patients regaining swallow-
ing function  [  94  ] . Treatment methods including 
muscle strengthening, compensatory maneuvers 
and neuromuscular stimulation are now proposed 
to improve oralpharyngeal swallow function. 
These treatment approaches are in the explor-
atory stage, i.e., they are under development and 
are considered to show promise and ef fi cacy in 
certain patient groups. An evidence-based sys-
tematic review of treatments for oralpharyngeal 
dysphagia is underway by the American Speech 
Language and Hearing Association and results 
will be available online at   http://www.asha.org     in 
the near future. 

 Pharmacologic agents that modulate dop-
amine metabolisms are also being investigated to 
improve swallowing and the cough re fl ex in the 
elderly. These investigations are focused on the 
decrease of substance P in patients with CVAs 
who are at increased risk of subclinical aspiration 
and an increased incidence of pneumonia  [  95  ] . 
Treatment for patients with dysphagia includ-
ing pharmacologic measures, electrical stimula-
tion of oralpharyngeal musculature and muscle 
strengthening are reported to result in a decrease 
in morbidity and mortality  [  95,   96  ] .  

   Summary and Future Directions 

 Despite intense interest and study, we have yet to 
really identify the extent of aspiration injury on 
lung function. We need an equivalent of hemo-
globin A1C to measure the cumulative effects of 
micro-aspiration over time on lung function. 
Reliable biomarkers of aspiration in sputum or 
BAL samples are similarly lacking. Until such 
barometers are developed, the pathophysiologi-
cal association of GERD with lung diseases will 
remain speculative. 

 We do not fully understand how acid or gas-
tric contents in the esophagus mediate altered 
lung function, including endpoints such as bron-
chospasm, increased vascular permeability and 
enhanced mucous secretion. There is evidence of 
both humoral and neural connections between 
the esophagus and lung, as well as studies to 

http://www.asha.org
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implicate speci fi c receptors. Nevertheless, the 
tools to identify these signaling pathways are 
crude. If these pathways were de fi ned, then thera-
peutic implications (e.g., inhibition of NK1 or 
NK2 receptors) should emerge. The association 
of GERD with a variety of lung diseases ranging 
from cough, asthma, to transplanted lung and 
idiopathic IPF cannot be causally related, neither 
can therapies for GERD be clearly related to bet-
ter outcomes in individuals with these disorders. 
Better therapies to treat individuals with oralpha-
ryngeal aspiration are sorely needed.  

   Key points 

    Proximity of the upper respiratory and gastro-• 
intestinal (GI) tracts confers substantial risk 
for aspiration.  
  Tests for aspiration do not have high sensitiv-• 
ity and speci fi city.  
  GERD and aspiration are common in the gen-• 
eral population and are increased by factors 
including advanced age and chronic diseases.  
  It is dif fi cult to establish a causal relationship • 
between pulmonary diseases including cough, 
asthma, lung transplant, or idiopathic pulmo-
nary  fi brosis (IPF) and others to GERD or 
aspiration, though the incidence of GERD is 
substantially increased in these populations.  
  There are very limited data to support the con-• 
cept that treatment of GERD may improve 
objective outcomes in patients with the above 
diseases, leaving room for future studies.         
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 Structures of the head and neck critical to degluti-
tion can be described simply as a series of 
chambers and valves  [  1  ] . Chambers, including 
the oral cavity and pharynx, expand and com-
press. Expansion permits accommodation of 

bolus material, while peristaltic compression is 
necessary to direct and clear bolus material 
through and from each chamber, respectively. 
Valves are structures that open or close to permit 
or prevent bolus  fl ow from one chamber to 
another. For example, the tongue-palate valve 
contains material in the oral cavity and then permits 
its entry into the pharynx; the velopharyngeal 
valve prevents bolus entry into the nose. The 
laryngeal valves, including the aryepiglottic, true 
and false vocal folds, prevent bolus material from 
entering the laryngeal vestibule and tracheal airway. 
Finally, valving action of the upper esophageal 
sphincter permits bolus entry into the esophagus, 
and strives to prevent it from reentry into the 
pharynx. In normal swallowing, valves and cham-
bers act in a highly integrated manner to ensure 
safe and ef fi cient food transport from the mouth 
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to the esophagus. Dysfunction of a chamber may 
lead to insuf fi cient compression to propel and 
clear bolus material. Failure of valves may result 
in inappropriate bolus entry to, or exit from, a 
chamber. 

 Effects of aging on pharyngeal chambers and 
valves, as well as on other swallowing-related 
mechanisms, are important to understand. 
Epidemiological studies suggest dysphagia affects 
22% of adults over the age of 50 years  [  2  ] . 
Individuals over the age of 65 years comprised 
12.9% of the U.S. population in 2009, and are 
expected to represent 19% of the population by 
2030  [  3  ] . If we can differentiate expected changes 
in swallow function from those that are atypical, 
our ability to diagnose dysphagia, and target 
speci fi c therapies for it, is improved. Furthermore, 
if we understand typical changes in swallowing 
function with aging that are also aversive, we may 
be able to prevent or minimize swallowing 
dif fi culty in elderly individuals. The intent of this 
chapter is to review our current understanding of 
pharyngeal changes associated with aging, and the 
impact of these on deglutition in the elderly. 
De fi ning the “normal” aged pharynx is compli-
cated by many factors, e.g., isolating aging effects 
from those related to diseases that are prevalent 
with aging, or treatments for these diseases, or 
from aging effects on related organs and systems. 
In other cases, available evidence has been docu-
mented for a nonmammalian species, or only for a 
particular system, e.g., cranial muscles, as opposed 
to spinal. These confounding issues notwithstand-
ing, a growing literature suggests both structural 
and functional changes in the pharynx likely to 
impact deglutition in elderly individuals. 

   Evidence of Pharyngeal Changes 
with Aging 

 Evidence of pharyngeal change with aging comes 
from many sources and re fl ects a variety of inves-
tigative tools. Leonard recently summarized a 
number of  fl uoroscopic measurements from two 
large groups of normal, nondysphagic subjects, 
reported over several studies  [  4  ] . Sixty-three sub-
jects were under the age of 65 years, and 74 were 
over 65 years. Median ages were 37 and 72 years, 
respectively. All subjects underwent  fl uoroscopic 
swallow studies from which both timing and dis-
placement measures for several bolus types were 
extracted  [  5  ] . Subjective assessments of other 
variables were also described. These data are 
described below. For each  fi nding, as available, 
pertinent data from related studies will also be 
presented. 

   Physical Characteristics 

 Most objective measures providing insights into 
size differences between young and elderly sub-
jects were made from lateral view  fl uoroscopic 
images while subjects were holding a 1 cc bolus 
in the oral cavity. The position of structures at 
this point (“Hold” position) is used as the base-
line referent for maximum displacements of 
structures. Findings are presented in Table  15.1  
and Fig.  15.1 :  
   (a)     The distance between the mandible and hyoid 

was uniform across groups. However, the dis-
tance between the hyoid and larynx was 
greater in the elderly ( p  = 0.000), a 

   Table 15.1    Total pharyngeal transit time for normal subjects under and over 65 years of age   

 Age (years) 
 Total pharyngeal 
transit time (s)  Signi fi cance ( p )  Standard deviation  Con fi dence interval (95%) 

 1 cc  <65  0.908  0.000  0.297  0.775–1.040 
 >65  1.374  0.672  1.250–1.497 

 3 cc  <65  0.866  0.000  0.270  0.731–1.001 
 >65  1.308  0.70  1.183–1.434 

 Paste  <65  0.897  0.000  0.368  0.714–1.081 
 >65  1.420  0.945  1.250–1.590 

 20–30 cc  <65  0.917  0.000  0.288  0.777–1.057 
 >65  1.378  0.718  1.248–1.508 
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nonsigni fi cant trend previously reported by 
Logemann et al. for elderly males  [  6  ] . The dis-
tance between the tubercle of the atlas and the 
hyoid was also signi fi cantly greater in elderly 
controls ( p  = 0.000), as was a measure of the 
two-dimensional pharyngeal area in the hold 
position ( p  = 0.000). 

 Increased distance between the posterior 
nasal spine and superior epiglottis in elderly 
subjects, as compared to younger, has also been 
reported by Shigeta et al.  [  7  ] . Interestingly, 
acoustic studies used to investigate sleep 
apnea in older adults have identi fi ed reduced 
cross-sectional areas at selected points in the 
pharyngeal airway in supine position (not 
upright), suggesting increased potential for 
pharyngeal collapse in this population  [  8  ] .  

   (b)     Thickness of the posterior pharyngeal wall, 
measured at the midpoint of cervical vertebra 
3, was signi fi cantly reduced in the elderly 
group ( p  < 0.01). 

 Evidence of sarcopenia-like changes, i.e., 
reduced muscle mass and  fi ber diameter, loss 
of speci fi c  fi ber types, have been previously 
demonstrated for the pharynx, as well as for 
the tongue and larynx  [  9,   10  ] . Leese and 
Hopwood described both atrophy and hyper-
trophy leading to increased variability of  fi ber 
size in pharynges of aged human cadavers  [  9  ] .     

   Implications 
  Evidence suggests that the pharynx becomes 
larger, more dilated, with aging, and possibly, 
more vulnerable to collapse in some situations, 
i.e., supine position. Tissue changes identi fi ed are 
consistent with sarcopenia. Gravity may play an 
increasingly important role in clearing the pha-
ryngeal chambers, and strategies that optimize 
 fl ow direction (away from airway and towards 
esophagus) and speed may be practical and useful 
in some individuals.    

   Displacement Characteristics 

 Displacement differences between the two groups 
(Table  15.2 ; Fig.  15.2 ) were also noted during 
swallowing  [  11  ] . Findings presented here are for 
the largest bolus swallowed, i.e., 20–30 cc liquid, 
and corrected for gender:  
   (a)    Hyoid displacement did not signi fi cantly differ, 

but hyoid to larynx approximation was signi fi -
cantly greater in the elderly ( p  = 0.037), possi-
bly representing an adaptation to the greater 
distance between hyoid and larynx in the 
“Hold” position. Gender differences were noted 
for hyoid displacements (young) and hyoid to 
larynx approximation (young and elderly).  

   (b)    Thirty-two percent of elderly control subjects 
demonstrated a cricopharyngeal bar that 
could be described as mild, moderate, or 
marked  [  12  ] . No nontransient bars were 
identi fi ed in younger control subjects. 
Evidence for bars in this group of elderly 
subjects is consistent with  fi ndings on cadaver 
studies of elderly subjects  [  13  ] .  

   (c)    UES opening did not signi fi cantly differ 
between younger subjects and elderly sub-
jects without bars, but was signi fi cantly 
reduced in the group of elderly subjects with 
bars. Gender differences were not identi fi ed 
for UES opening; however, bars were identi fi ed 
more frequently in males than in females. 
These  fl uoroscopic observations of reduced 
UES opening size and increased prevalence of 
cricopharyngeal bars in the elderly would 
appear to be consistent with previous mano-
metric reports of increased obstruction to  fl ow 
at the UES in elderly subjects. 

  Fig. 15.1    Positions of structures with 1 cc bolus held in 
oral cavity. ( a ) Pharyngeal area outlined in lateral view; 
( b ) distance from tubercle of atlas to hyoid; ( c ) distance 
from hyoid to larynx; and ( d ) thickness of posterior pha-
ryngeal wall       
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 For example, Bardan et al. described a 
signi fi cant increase in trans-UES sphincter 
pressure gradient with aging  [  14  ] . In earlier 
work, these investigators noted increased 
intrabolus pressure and elevated pharyngeal 
out fl ow resistance in elderly nondysphagic 
subjects. Impaired opening of the UES and 
reduced UES resting tone have been reported 
by numerous groups, including McKee et al., 
Shaw et al., Shaker et al., and Shaker et al. 
 [  15–  19  ] . The latter authors suggested that an 
increase in both amplitude and duration of the 
hypopharyngeal pressure wave identi fi ed in 
their elderly subjects may represent a neces-
sary adaptation to the associated increase in 
pharyngeal out fl ow resistance. Similar 
 fi ndings of elevated pharyngeal contraction 
pressures with aging have been reported by 
Wilson et al.  [  20  ] . Increased pharyngeal peri-

staltic waves and increased peak pressure 
durations were reported by Yokoyama et al. 
 [  21  ] . In some contrast to these  fi ndings, Tracy 
et al. described decreases in pharyngeal peri-
staltic amplitude, velocity and pressure, as 
well as a decrease in the duration of cricopha-
ryngeal opening, in their elderly subjects 
 [  22  ] . Interestingly, in the Tracy et al. study, 
UES opening duration was decreased even 
though pharyngeal swallow duration was 
increased  [  22  ] .  

   (d)    Thickness of the posterior pharyngeal wall at 
its point of maximum constriction during the 
large liquid bolus swallow, measured again at 
C3, was signi fi cantly reduced in the elderly 
( p  = 0.001).  

   (e)    A measure of pharyngeal constriction, referred 
to as the pharyngeal constriction ratio (PCR), is 
determined by dividing the two-dimensional 

   Table 15.2    Distances, pharyngeal area, and thickness of posterior pharyngeal wall at cervical vertebra 3 with 1 cc 
bolus held in oral cavity   

 Age  Mean (cm)  Signi fi cance ( p )  Standard deviation 
 Con fi dence 
interval (95%)   N  

 Hyoid–larynx (cm)  <65  3.3486  0.024  0.70043  3.159–3.538  59 
 >65  3.6425  0.75584  3.472–3.813  73 

 Tubercle–hyoid (cm)  <65  5.0102  0.000  0.77933  4.775–5.256  62 
 >65  5.7205  1.03896  5.500–5.933  73 

 Pharyngeal area (hold) (cm 2 )  <65  7.2463  0.000  2.02260  6.541–7.903  61 
 >65  9.5392  3.07255  8.947–10.171  73 

 Posterior pharyngeal wall (cm)  <65  0.3479  0.000  0.08024  0.297–353  59 
 >65  0.2953  0.08086  0.282 − 335  73 

  Data for normal subjects under and over 65 years of age  

  Fig. 15.2    Structures maximally displaced during swallow. ( a ) Hyoid and larynx; ( b ) UES opening; ( c ) pharynx maxi-
mally constricted (residual air and bolus are outlined)       
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area of the pharynx at the point of maximum 
constriction by the area with the 1 cc bolus held 
in the oral cavity (Figs.  15.1  and  15.2 ). The 
ratio was signi fi cantly elevated in the elderly, 
indicating reduced ability to constrict the phar-
ynx during swallow  [  23  ] . In the anterior–poste-
rior view, a measure of pharyngeal width at 
the point of maximum pharyngeal expansion 
was also elevated in the elderly, again sug-
gesting increased dilation of the pharynx 
with aging  [  23  ] .     

   Implications 
  Evidence suggests that some structural displace-
ments associated with swallowing are diminished 
with aging. Hyoid displacement may be 
unchanged, but hyoid to larynx approximation is 
increased, possibly re fl ecting an adaptation to the 
increased resting distance between hyoid and lar-
ynx. Pharyngeal constriction is reduced. The 
combination of enlarged, dilated pharyngeal 
chambers and reduced potential to compress, 
shorten ,  and clear them likely contributes to 
increased effort needed for swallowing. 
Obstruction at the UES valve, related to the pres-
ence of a cricopharyngeal bar, further hinders 
bolus passage and may affect 30% or more of the 
elderly population.    

   Temporal Characteristics 

 Timing of bolus transit, and of the coordination 
between bolus transit and swallow gesture times, 
was also investigated in the young and elderly 
subjects described  [  11  ] . Results are summarized 

below and, again, are presented with results from 
related studies:
    1.    Total pharyngeal transit time was signi fi cantly 

prolonged in the elderly subjects, as compared 
to younger subjects, for a 1 cc, 3 cc, 20 cc, and 
paste bolus (Tables  15.1  and  15.3 ; Fig.  15.3 ). 
No gender differences were identi fi ed for any 
timing measure. Prolonged pharyngeal transit 
times in elderly individuals have been reported 
by several investigators  [  18,   21,   22,   24–  29  ] . 
Bardan et al. further described differences in 
hypopharyngeal bolus acceleration between 
young and older subjects  [  14  ] . In particular, 
acceleration through the hypopharynx typical 
of younger individuals was not identi fi ed in 
elderly subjects.    

    2.    A comparison of non-dysphagic elderly indi-
viduals with no chronic medical condition to 
nondysphagic elderly individuals with either 
hypertension or osteoarthritis, respectively, 
revealed that both chronic condition groups 
tended to have longer oropharyngeal and 
hypopharyngeal transit times than controls, 
but differences were signi fi cant only for a 1 cc 
bolus, and only for oropharyngeal transit 
(bolus transit from posterior nasal spine to 
valleculae). No signi fi cant differences were 
identi fi ed for a 20 cc bolus  [  12  ] .  

    3.    Bolus transit times provide, primarily, insights 
into  fl ow or transport ef fi ciency. Timing mea-
sures that consider both  bolus transit  and 
 swallowing gesture  times, however, are of fur-
ther value because they re fl ect coordination 
between bolus material and the structural 
movements responsible for transporting it. 
For example, we would expect protective 

   Table 15.3    Displacements and pharyngeal constriction ratio (PCR) for 20–30 cc bolus   

 Age  Signi fi cance ( p )  Mean (cm)  Standard deviation   N  

 Max. hyoid displacement (cm)  <65  2.15758  0.852677  62 
 >65  ns  2.05662  0.643690  71 

 Max hyoid–larynx approximation (cm)  <65  1.14177  0.497045  62 
 >65   p  = 0.04  1.37141  0.656221  71 

 Max. PES opening (cm) (exclude ss with CP bars)  <65  0.88661  0.273573  62 
 >65  ns  0.83676  0.241961  48 

 Pharyngeal constriction ratio (PCR)  <65  0.03252  0.028289  62 
 >65   p  = 0.000  0.11244  0.113100  71 

  Data presented for normal subjects under and over 65 years of age. Data are combined across gender  
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mechanisms of the airway to close prior to the 
bolus head entering the esophagus. If not, the 
airway is vulnerable to penetration or aspira-
tion. In most normal subjects investigated here 
 [  23  ] , young and elderly, this observation was 
true, that is, the laryngeal vestibule closed 
prior to bolus entering the UES. But in some 
normal subjects in both groups, the airway 
remained open  after  the bolus entered the 
UES. The delay was never more than 0.1 s in 
any subject, for any bolus. Elderly subjects 
closed the airway signi fi cantly earlier prior to 
UES opening than younger subjects for the 
largest bolus ( p  < 0.001). No signi fi cant differ-
ence was noted for a 1 cc bolus. 

 Interestingly, Ren et al.  [  30  ] , using simulta-
neous endoscopy, manometry, respirography 
and submental surface electromyography, 
found that the onset of vocal fold closure 
always preceded the onset of UES relaxation, 
in both young and elderly healthy subjects. 
How these data relate to the previous 
 fl uoroscopic evidence of airway closing some-
times occurring after UES opening, in both 
young and older subjects, is not completely 
clear, but may re fl ect different investigative 
techniques. That is, in the Kendall et al. 

 fl uoroscopic study, airway closure was indi-
cated by approximation of the arytenoids and 
epiglottis closing the laryngeal vestibule, not 
by vocal fold adduction, which was observed 
by Ren et al.  [  30  ] . Further, in the Kendall et al. 
study, UES opening in the lateral view was 
observed; in Ren et al., UES relaxation, not 
opening, was monitored  [  30  ] . 

 Zamir et al.  [  31  ]  described subtle age differ-
ences in the coordination of glottic closure 
and the onset of bolus movement from the 
mouth into the pharynx. In young subjects, 
bolus movement always occurred after maxi-
mal vocal fold adduction was observed; in the 
elderly, bolus movement sometimes followed, 
and sometimes preceded, maximal vocal fold 
adduction  [  31  ] . The authors further concluded 
that, subtle differences notwithstanding, the 
coordination between oropharyngeal bolus 
transit and airway protection appears pre-
served with aging.  

    4.    Other differences between groups were found 
for the latency between onset of hyoid displace-
ment leading to a swallow and various points of 
bolus transit  [  32  ] . Bolus movement past the 
posterior nasal spine typically preceded hyoid 
onset in both younger and older subjects, but 

  Fig. 15.3    Total bolus transit times for young and elderly normal subjects       

 



22115 Effect of Aging of the Pharynx and the UES

the interval was signi fi cantly longer in elderly 
controls ( p  < 0.002). Latency between hyoid 
onset and bolus transit past the mandibular 
ramus did not differ between groups, but latency 
between hyoid onset and bolus entrance to the 
UES was again signi fi cantly prolonged in the 
elderly ( p  < 0.001). This timing evidence is 
consistent with the previous  fi ndings of struc-
tural similarities and differences between the 
young and elderly normal subjects with a 1 cc 
bolus held in the oral cavity, i.e., “Hold.” That 
is, there was no difference between groups in 
the distance between hyoid and mandible, but 
signi fi cant differences for distances between 
the tubercle of atlas and hyoid, and between the 
hyoid and larynx. 

 Mendell and Logemann  [  33  ]  investigated 
temporal relationships between various bolus 
arrival points and structural movements, each 
referenced to UES opening, in young and 
elderly normal subjects. The authors found 
that temporal relationships were generally lon-
ger in the elderly group, and, in both groups, 
affected by size and consistency of the bolus.     

   Implications 
  Evidence from numerous studies, based on both 
 fl uoroscopic and manometric data, demonstrates 
that bolus transport is prolonged with aging. 
How these  fi ndings relate to associated  fi ndings 
of alterations in pharyngeal size and compres-
sion capabilities, bolus acceleration and velocity, 
as well as sensory integrity of tissues, is not com-
pletely clear. Prolonged times render the airway 
more at risk, but may also re fl ect increased effort 
and, in some individuals, may offer an advantage 
to bolus control. Timing differences for small 
bolus sizes may be particularly sensitive to the 
effects of intercurrent disease, or to declining 
sensory function. It also appears to be the case 
that some latencies between individual swallow 
events may be more sensitive to age-related 
timing differences than others.    

   Subjective Observations 

     1.    A review of all swallows (596) in 136 individu-
als for evidence of aspiration and penetration 

revealed only one instance of aspiration (0.6%) 
and 17 instances of penetration (2.9%). 
Differences according to age were not signi fi cant, 
but signi fi cantly more penetration occurred on 
larger boluses, and on liquid, as compared to 
paste  [  34  ] . These data are similar to  fi ndings 
reported by Robbins et al., also based on 
 fl uoroscopy  [  29  ] . Butler et al., based on endo-
scopic evaluations of 20 normal individuals, 
mean age 79 years, identi fi ed aspiration on 3% 
of a total of 560 swallows, and penetration on 
15% of swallows  [  35  ] . Seventy- fi ve percent of 
the subjects demonstrated penetration, and 30% 
demonstrated aspiration, across all swallows, 
but in particular, on thin liquid boluses. 

 Differences in  fi ndings across these and 
other studies  [  36  ]  may in part be related to the 
method of investigation, i.e., endoscopy vs. 
 fl uoroscopy. For example, on endoscopy (and 
perhaps on  fl uoro by some judges), bolus 
material on any portion of the laryngeal sur-
face of the epiglottis is often considered pen-
etration; on our  fl uoroscopic studies, it is bolus 
advance beyond the contact point (or pre-
sumed point) of arytenoid and epiglottis that 
is de fi ned as penetration. Viscosity and bolus 
size also appear to in fl uence results. In any 
event, our own data suggest that aspiration on 
 fl uoroscopy is very rare in normal individuals, 
and that penetration occurs, but in fewer than 
10% of our normal, aged subjects.  

    2.    Epiglottic inversion was judged as complete, 
incomplete or absent on all swallows. If inver-
sion is absent or incomplete, both airway pro-
tection and pharyngeal clearing can be 
affected. Interestingly, our young and elderly 
normal subjects did not appear to differ 
signi fi cantly on this variable. Incomplete 
inversion was identi fi ed on 5% of all swallows 
in the elderly; 3% in the younger subjects. 
Absent inversion was not noted on any swal-
low in the young group, and on 3 of 344 swal-
lows (0.008%) in the elderly, and always on a 
1 cc or 3 cc bolus  [  4  ] .  

    3.    Our normal elderly subjects did not describe 
eating or swallowing dif fi culties. When care-
fully questioned, however, several acknowl-
edged greater care taken with swallowing, i.e., 
thorough chewing, smaller pieces of solids, 
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repeat swallows, liquid  fl ushes, avoidance of 
some foods. This is consistent with  fl uoroscopic 
observations, i.e., poorer pharyngeal clearing, 
greater likelihood of obstruction at the UES. 
These adaptations appear to have occurred so 
gradually, and were suf fi ciently effective, that 
they were not perceived as a problem in this 
group of subjects. Obviously, such strategies 
may also be helpful to patients seen clinically. 

 In an investigation of normal aging subjects 
living in a retirement village, Wilkinson and 
de Picciotto  [  37  ]  reported subjective swal-
lowing dif fi culty signi fi cant enough to inter-
fere with daily function in 44% of 25 subjects 
interviewed. Most of the interviewees appeared 
to experience dif fi culty related to both pharyn-
geal and esophageal stages of deglutition. 
More recently, Chen et al.  [  38  ]  described per-
ceived dysphagia in 107 individuals residing 
in an independent living facility. According to 
the authors, 15% of the population reported 
dif fi culty with swallowing. Interestingly, 25% 
of this group described dif fi culty with swal-
lowing (and voice) as a natural part of aging.     

   Implications 
  Though reports vary regarding the number of 
healthy, elderly individuals who experience alter-
ations in swallow function, evidence suggests 
that perceived swallow dif fi culty is associated 
with aging, and that possibly many elderly indi-
viduals make ongoing adaptations to accommo-
date these “typical” changes.    

   Evidence of Neural Changes Affecting 
the Pharynx with Aging 

 Few studies have considered sensorimotor 
changes with aging that are speci fi c to the phar-
ynx. Teismann et al.  [  39  ]  recently reported 
increased somatosensory cortical activation dur-
ing swallow in elderly individuals and suggested 
it may represent a cerebral adaptation to aging. 
Similar evidence indicates a loss of laterality in 
cortical function, and increased bilateral activa-
tion, in both motor and verbal task performance 
with aging  [  40  ] . The implication is that bilateral 

activation re fl ects recruitment of alternate brain 
regions to counteract declining cognitive func-
tion. Similar evidence was reported by Humbert 
et al.  [  26  ]  using combined fMRI and  fl uoroscopic 
examinations of swallowing in young and older 
adults. Of particular note, swallows of older indi-
viduals demonstrated greater cortical activity, 
involving more cortical regions, than younger 
individuals. Evidence of increased activity was 
noted in pericentral gyri and inferior frontal gyrus 
pars opercularis and pars triangularis, and was 
most apparent on saliva swallows, as opposed to 
water and barium swallows. An associated 
increase in swallow times,  fi lmed  fl uoroscopically 
with subjects in a supine position, was also 
identi fi ed. 

 Other evidence indicates increased pharyngeal 
stimulation required to elicit vocal fold adduction 
and swallow during rapid pulse injection of water 
into the pharynx  [  41  ] . The authors note this may 
have particular implications for the management 
of small bolus sizes with aging. Similar evidence 
of reduced sensitivity in the elderly has been 
reported by Aviv et al.  [  42  ]  and Aviv  [  43  ] . These 
investigators applied air pulses of varying inten-
sities to subjects’ pyriform sinuses in an attempt 
to determine the threshold stimulation required to 
elicit vocal fold adduction. Sensitivity progres-
sively deteriorated with age. Reduced UES 
response to both pharyngeal and laryngeal stimu-
lation has also been noted  [  44,   45  ] . Ren et al. 
reported that the volume of water required to 
elicit the pharyngo-UES contractile re fl ex, or 
contraction of the UES, was increased in the 
elderly  [  45  ] . In addition, in the presence of con-
tinuous water infusion of the pharynx, elderly 
subjects, in contrast to young, did not demon-
strate an increase in UES resting pressure. 
Theurere et al. recently reported an increase in 
the rate of saliva swallows in response to bilateral 
oropharyngeal air pulses in both young and 
elderly subjects  [  46  ] . However, younger subjects 
reported a strong urge to swallow in the presence 
of stimulation, an experience not reported by the 
older individuals. Smith et al. reported differences 
in oral and oropharyngeal perceptions of  fl uid 
viscosity in younger and older normal subjects 
 [  47  ] . In particular, elderly subjects demonstrated 
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poorer sensitivity than younger subjects, with 
older men demonstrating greater deterioration 
than women. 

 Evidence of age-related alterations in sensi-
tivity in tissues of the pharynx and larynx sug-
gests possible alterations in the superior 
laryngeal nerve with aging. Tiago et al. recently 
investigated age-related changes in human supe-
rior and recurrent laryngeal nerves  [  48  ] . Cadaver 
tissues from individuals under and over 65 years 
of age were studied. The authors reported no 
differences in the number of myelinated  fi bers 
between groups for the superior laryngeal nerve. 
The younger group, however, demonstrated a 
larger number of myelinated  fi bers in the recur-
rent laryngeal nerve, and a greater number of 
total myelinated  fi bers, as compared to older 
individuals. Signi fi cant age-related loss of 
myelinated nerve  fi bers in the superior laryngeal 
nerve with aging has been reported by Mortelliti 
et al.  [  49  ] . These investigators compared speci-
mens from individuals 20–30 years of age, and 
60 years or older, and found 31% fewer myeli-
nated  fi bers in the older individuals. In particular, 
small myelinated  fi bers (1–2  m m) were affected. 
Axonal diameter of myelinated  fi bers was also 
decreased in the older group. Differences 
between the Tiago et al. and Mortelliti et al. 
studies may re fl ect differences in the particular 
age groups investigated. In general, there appears 
to be agreement that aging in the laryngeal 
nerves affects both number and size of myeli-
nated  fi bers. 

   Implications 
  Evidence for changes in sensory and motor 
functions with aging have been identi fi ed in the 
pharynx, and are well-documented for many 
speci fi c mechanisms, i.e., taste and smell. 
Sensory changes are likely to affect, in particular, 
timing characteristics of swallowing, and may 
be mediated by speci fi c bolus characteristics. 
Other changes are likely to impact critical 
features of chamber and valve functions, e.g., 
completeness of compression, and possibly, both 
the speed and completeness of valve opening 
and closing.     

   The Aging Pharynx and Deglutition: 
Implications for Clinical Practice 

 It is clear that pharyngeal changes associated with 
aging can impact swallowing. Increased pharyn-
geal dilation and reduced pharyngeal constriction 
and shortening, as well as the increased incidence 
of cricopharyngeal bar, support a hypothesis of 
added work required for effective swallow. 
Prolonged pharyngeal transit times associated 
with aging pose additional risk for airway safety, 
but may also offer an advantage to bolus control 
in some individuals. Measures of pharyngeal wall 
thickness, added to available histological investi-
gations, suggest sarcopenia-like changes,  fi ndings 
not inconsistent with evidence of increased dila-
tion and diminished contractility in the aged 
pharynx. Declining sensory capability in the 
pharynx is consistent with system-wide evidence 
of alterations in aged sensory end-organs and 
cortical function. Evidence for aging and swal-
lowing is incomplete; however, the picture cur-
rently available is one of declining integrity in 
swallowing ef fi ciency and an increasing need for 
adaptation in order to maintain swallow 
effectiveness. 

 Implications of the available evidence for clin-
ical practice are several. Fluoroscopic examina-
tions in the elderly should, e.g., focus on 
obstructive processes, i.e., cricopharyngeal bars, 
osteophytes, as well as on the integrity of airway 
protection and pharyngeal clearing mechanisms. 
The possible impact of intercurrent diseases and 
their treatments needs to be considered in many 
elderly patients. It is also important to recognize 
that even “typical” changes associated with pha-
ryngeal aging may represent dysphagia risks in 
some individuals. Clinicians need to understand 
these changes in order to differentiate them from 
other etiologies for dysphagia, and to develop 
tools to prevent or minimize swallowing dif fi culty 
related  primarily  to aging. This suggests that 
enhancing sensory properties of foods, and maxi-
mizing nutrition per quantity, should receive 
increasing attention from food science investiga-
tors. Emphasis on eating as a social activity, as 
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well as preventive measures related to dentition 
and oral hygiene, should be standard inclusions 
in counseling the elderly. Insuf fi cient evidence 
is available regarding the role of exercise in 
maintaining swallow health, but promising  fi nd-
ings in nondysphagic elderly subjects have been 
reported for improving lingual pressures  [  50–  53  ] , 
UES opening, and respiratory strength  [  54  ] . 
Pre cautionary measures such as early airway 
closure and repeat swallows are relatively easy 
to implement in many individuals. As our knowl-
edge of aging and “normal” anatomy and physi-
ology advances, our ability to recognize and 
understand both swallowing potential and dys-
phagia risk in this population will also improve. 
For the dysphagia clinician working with elderly 
patients, the need for such information, and the 
ability to implement it thoughtfully and appropri-
ately in clinical practice, is critical.      
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  Abstract 

 The pharynx must maintain and coordinate the safety of airway and diges-
tive functions regardless of maturational state or aging, activity or sleep 
state, postural variability, health, or illness. Life-threatening events are fre-
quent in early stages of life, varying from apnea to laryngospasm to airway 
aspiration and may be the result of malfunction of pharyngeal–airway 
communications. Similarly, feeding and swallowing problems are also fre-
quent in neonatal period, and dysphagia may result from malfunction of 
pharyngeal–esophageal communications. Hence, understanding the devel-
opmental physiology of deglutition and pharyngeal phase of swallowing is 
vital to the study of dysphagia in young infants. Unfortunately, not much 
is known about nascent human pharynx either during fetal life or in those 
born prematurely. Much of the knowledge is gleaned from animal studies 
or adult human studies. In this chapter, we attempt to elucidate what is 
known and relevant to the nascent pharyngeal anatomy and functions.  
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    Introduction 

 The pharynx must maintain and coordinate the 
safety of airway and digestive functions regard-
less of maturational state or aging, activity or 
sleep state, postural variability, health, or illness. 
Life-threatening events are frequent in early 
stages of life, varying from apnea to laryngos-
pasm to airway aspiration and may be the result 
of malfunction of pharyngeal–airway communi-
cations. Similarly, feeding and swallowing prob-
lems are also frequent in neonatal period, and 



228 S.R. Jadcherla

dysphagia may result from malfunction of pha-
ryngeal–esophageal communications. Hence, 
understanding the developmental physiology of 
deglutition and pharyngeal phase of swallowing 
is vital to the study of dysphagia in young infants. 
Unfortunately, not much is known about nascent 
human pharynx either during fetal life or in those 
born prematurely. Much of the knowledge is 
gleaned from animal studies or adult human studies. 
In this chapter, we attempt to elucidate what is 
known and relevant to the nascent pharyngeal 
anatomy and functions. 

 The pharynx as an organ communicates with 
exterior via oral cavity and nasal cavity, with 
middle ear via eustachian tubes, with the rest of 
the foregut via the upper esophageal sphincter 
(UES) and esophagus, and with the airway via 
the hypopharynx and larynx. Thus the pharynx is 
a junction to  fi ve tubular pathways, the control 
and regulation of each of these subsystems main-
tains aerodigestive homeostasis and vital func-
tions. In the developmentally immature infant, 
these functions are evolving along with somatic 
growth and neuronal maturation. The neonate has 
a nasopharynx and hypo-pharynx only at birth; 
subsequently the oro-pharynx develops during 
infancy as the growth triples that of birth weight 
concurrent with changes in somatic growth. 

 The functions of the pharynx can be several; 
however, in this chapter, we speci fi cally illumi-
nate the deglutition aspects of the pharyngeal 
phase of normal deglutition during maturation. 
Speci fi cally, we elucidate development of the 
nascent pharynx and esophagus, neuro-anatomical 
relationships, pharyngeal re fl exes that facilitate 
deglutition, and the pharyngeal and airway 
defense re fl exes that facilitate safe swallowing.  

   Developmental Aspects of 
Aerodigestive Relationships 

 An intricate relationship between the foregut and 
the airway begins in embryonic life. The airway and 
the lung buds, the pharynx, the esophagus, the stom-
ach, and the diaphragm are all derived from the 
primitive foregut and or its mesenchyme, and share 
similar control systems  [  1–  4  ] . By 4 weeks of 

embryological life, tracheo-bronchial diverticulum 
appears at the ventral wall of the foregut, with left 
vagus being anterior and right vagus posterior in 
position. At this stage of development, the stomach 
is a fusiform tube with the dorsal side growth rate 
greater than the ventral side, creating greater and 
lesser curvatures. At 7 weeks of embryonic life, the 
stomach also rotates 90° clockwise, and the greater 
curvature is now displaced to the left. The left vagus 
innervates the stomach anteriorly and the right 
vagus innervates the posterior aspect of the stom-
ach. At 10 weeks, the esophagus and the stomach 
are in the proper position, with the circular and lon-
gitudinal muscle layers and the ganglion cells are in 
place. As seen in fetal ultrasound studies, by 
11 weeks, pharyngeal phase of swallowing activity 
is seen; by 18–20 weeks sucking movements appear. 
By full-term gestation the fetus can swallow and 
circulate nearly 500 ml of amniotic  fl uid. Thus, 
swallow-induced peristaltic activity begins in fetal 
life as evidenced by ultrasound studies  [  5,   6  ] . 

 Between 6 and 7 weeks of gestation, supra-
glottal structures evolve to protect the vocal cords 
and lower airway. These structures consist of the 
epiglottis, ary-epiglottic folds, false vocal cords, 
and the laryngeal ventricles. The epiglottis begins 
as a hypobranchial eminence behind the future 
tongue, and by 7 weeks it is completely separated 
from the tongue. At the same time, two lateral 
folds connect to the base of the epiglottis, at the 
distal end of which develops the arytenoids carti-
lages. The larynx begins as a groove in the primi-
tive foregut, which folds upon itself to become 
the laryngo-tracheal bud; from this phase, 20 
generations of conducting airways form. The  fi rst 
8 generations constitute bronchi and acquire 
cartilaginous walls. The next 9–20 generations 
comprise the non-respiratory bronchioles that are 
not cartilaginous and contain smooth muscle, and 
the subsequent divisions form the bronchopul-
monary segments  [  7  ] .  

   Innervation of Pharynx 

 The foregut originates as a tubular organ com-
prised of inner circular and outer longitudinal 
muscle layers with the myenteric plexus located 
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between the muscle layers. The proximal part of 
the foregut is exclusively comprised of fast-act-
ing striated muscle; this segment includes the 
pharynx, UES, and the proximal third of the 
esophagus. The UES underlies between the 
pharynx and the proximal esophagus and is 
characterized by a high-pressure zone generated 
by the cricopharyngeus (the principal muscle), 
proximal cervical esophagus, and inferior pha-
ryngeal constrictor. The UES is innervated by 
(1) the vagus via the pharyngo-esophageal, 
superior laryngeal, and recurrent laryngeal 
branches; (2) the glossopharyngeal nerve; and 
(3) the sympathetics via the cranial cervical 
ganglion. The lower esophageal sphincter (LES) 
comprises the distal end of the esophagus, which 
consists of the specialized smooth muscle with 
its unique innervation from both excitatory and 
inhibitory components of vagal neurons  [  8  ] . The 
LES is an autonomous contractile apparatus that 
is tonically active to prevent gastro-esophageal 
re fl ux and relaxes periodically to facilitate bolus 
transit clearance. 

 The airways and the foregut share common 
innervations  [  9–  11  ] . The afferent neurons from 
the foregut are derived from both vagal and 
dorsal root ganglions with cell bodies in the 
nodose ganglion. This afferent apparatus con-
veys signals to the neurons in the nucleus trac-
tus solitarius, located in the dorsomedial 
medulla oblongata. These signals are integrated 
in a speci fi c terminal site of the nucleus tractus 
solitarius, the subnucleus centralis, which is 
the sole point of termination of esophageal 
afferents. After sensory integration in the 
nucleus tractus solitarius, the signals in turn 
activate airway motor neurons in the nucleus 
ambiguous and the dorsal motor nucleus of the 
vagus, producing cholinergic somatic responses 
involved with striated muscles of larynx and 
UES. 

 In summary, the innervations of the aerodiges-
tive tract are as follows: (a) the supraglottal 
mucosal areas from IX and X cranial nerves and 
muscular areas from X cranial nerve; (b) the 
infra-glottal mucosal and muscular areas from X 
cranial nerve; and (c) the pharynx and esophagus 
from IX and X cranial nerves.  

   Pharyngeal Re fl exes Facilitating 
Deglutition 

 Deglutition is de fi ned as the act of swallowing. 
Swallowing has three phases: oral phase, pharyn-
geal–upper esophageal sphincter phase, and esoph-
ageal phase. In this chapter, the re fl exes involved 
with pharyngeal phase of swallowing in relation to 
UES are discussed. Pharyngeal swallowing re fl exes 
can occur spontaneously as dry swallows and is 
considered as primary peristalsis. In contrast, this 
sequence can be induced upon pharyngeal provo-
cation and is considered as pharyngeal re fl exive 
swallow. Both types of swallows are associated 
with pharyngeal contraction, UES relaxation, and 
anterograde propagation (Fig.  16.1a , b). Unique to 
neonates and infants is the fact that pharyngeal 
phase of swallowing usually precedes mouthing 
and jaw movements or sucking bursts during feed-
ing. Pharyngeal phase of swallowing is associated 
with deglutition apnea.  

 We evaluated consecutive spontaneous soli-
tary swallows during longitudinal maturation in 
preterm infants by studying preterm at 33 weeks 
postmenstrual age and the same preterm infants 
studied again at 36 weeks postmenstrual age  [  12  ] . 
We also assessed the effect of gestational matura-
tion and growth by comparing preterm-born with 
full-term-born infants. We con fi rmed signi fi cant 
( p  < 0.05) differences during longitudinal matura-
tion and gestational maturation with regard to (1) 
the basal UES resting pressure; (2) UES relax-
ation parameters; (3) proximal and distal esopha-
geal body amplitude and duration; (4) magnitude 
of esophageal waveform propagation; and (5) 
segmental peristaltic velocity. Speci fi cally, the 
characteristics of UES and primary esophageal 
peristalsis exist by 33 weeks PMA; however, they 
undergo further maturation and differentiation 
during the postnatal growth, and are signi fi cantly 
different from that of adults  [  12  ] . 

 The esophagus is the frequent target for the 
anterograde bolus from the oro-pharynx as in 
swallowing, and also for the retrograde bolus 
from the stomach as in gastro-esophageal re fl ux 
events. During either event, the bolus comes in 
close proximity to the airway, and evolving 
 postnatal mechanisms facilitate pharyngeal and 
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 airway protection. For example, during primary 
esophageal peristalsis, there is a respiratory pause 
called deglutition apnea that occurs during the 
pharyngeal phase of swallow (Fig.  16.1b ). This 
brief inhibition in respiration is due to a pause in 
the respiratory cycle (inspiratory or expiratory), 
and is a normal phenomenon  [  13,   14  ] . 

 In contrast to spontaneous swallows, pharyn-
geal re fl exive swallowing can be induced upon 
pharyngeal provocation with minute amounts of 
stimuli. Liquid stimuli are more potent modes of 
stimuli than air, in inducing pharyngeal re fl exive 
swallowing, and the threshold volumes can be as 
low as 0.1 ml. However, there is a stimulus, vol-
ume–response relationship, in that the recruitment 
of pharyngeal re fl exive swallows increases with 

increments in provoking volumes. As a result, 
increased frequency of pharyngeal re fl exive swal-
low sequences and longer deglutition apneas are 
noted (Fig.  16.2 ). In neonates, pharyngeal re fl exive 
swallowing is the most frequent response. In 
adults, upon pharyngeal stimulation, pharyngo-
upper esophageal sphincter contractile re fl ex 
(PUCR) is the most frequent response  [  15,   16  ] .   

   Pharyngeal–Glottal Re fl exes 
Maintaining Aerodigestive Safety 

 Upon birth, with the  fi rst breath, the glottal air-
way and pharyngo-esophageal functions are in 
parallel and assume different roles. Immediately 

  Fig. 16.1    An example of spontaneous primary peristalsis ( a ) 
and pharyngeal re fl exive swallow evoked upon pharyngeal 
stimulation ( b ). Note the pharyngeal contraction, UES relax-

ation, anterograde propagation, and deglutition apnea associ-
ated with both these events. Note the changes in respiratory 
phase and air  fl ow during pharyngeal contractile waveform       
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after birth, pharyngo-esophageal functions con-
tinue to be responsible for swallowing, whereas 
the purpose of glottal opening and closure is to 
regulate the entry of air into and out of the lungs. 
Glottal motion occurs during normal inspiration 
and expiration to regulate air  fl ow. However, 
complete glottal adduction can occur during the 
complex laryngeal chemore fl ex, wherein the 
following phenomena can occur: laryngeal 
adduction, apnea, repetitive swallowing, startle, 
hypertension and bradycardia, and hypoxia  [  14  ] . 
In fetal and neonatal life, laryngeal chemore fl ex 
and glottal closure can be observed and function 
to protect the airway from potential hazard such 
as aspiration. Also noted is repetitive swallowing 
performed to clear the pharyngeal airway of any 
material. In premature and full-term-born neo-
nates apnea contributes in part to the important 

airway protection mechanism, although the con-
sequences of exaggerated apnea and laryngos-
pasm can be deleterious as an absence of air  fl ow 
and a lack of ventilation result in hypoxia. 
Subsequently, during infancy through adulthood, 
prolonged exhalations against a partially closed 
glottis occur in the form of cough re fl ex to clear 
the irritant away from the airway. 

 In summary, this chapter has described the 
developmental anatomy and neurophysiology of 
the pharynx and its aerodigestive relationships that 
facilitate swallowing, airway protection, and aspi-
ration-preventing mechanisms. Mal-development 
and mal-adaptation of these functions in high-risk 
infants pose continued threats to pharyngeal func-
tion with the potential consequence being dys-
phagia, chronic airway problems, and impaired 
quality of life.      

  Fig. 16.2    An example of pharyngeal re fl exive swallow and 
pharyngo-upper esophageal sphincter contractile re fl ex. Note 
the increases in the frequency recruitment of pharyngeal 

re fl exive swallow sequences, duration of LES relaxation, and 
duration of deglutition apnea with increment in the volume 
of sterile water infusion stimulating the pharynx       
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  Abstract 

 The upper esophageal sphincter (UES) functions to close or to open the 
esophago-pharyngeal junction as needed. The UES closing muscles 
include the cervical esophagus, cricopharyngeus (CP), and inferior pha-
ryngeal constrictor, but the primary functional muscle of the UES is the 
CP. The UES opening muscles include anteriorly the superior and inferior 
hyoid muscles and posteriorly the stylopharyngeus, palatopharyngeus, 
and pteropharyngeus. The UES is opened intermittently during various 
functions by relaxation of its closing muscles, contraction of its opening 
muscles, and bolus pulsion. The UES closing muscles contain two sets of 
muscle  fi bers: an inner layer of slow-twitch  fi bers and outer layer of fast-
twitch  fi bers. It is hypothesized that these two  fi ber types serve the two 
basic functions of the UES closing muscles: slow tone generation and 
rapid re fl ex responsiveness. The UES motor and sensory functions are 
controlled by branches of the glossopharyngeal and vagus nerves. The 
motor nerve of the CP in animals is the pharyngoesophageal branch of 
the vagus nerve and may be the recurrent laryngeal nerve in humans. The 
nucleus ambiguus is the primary motor nucleus of the UES, and the 
nucleus tractus solitarius is the primary termination site of UES afferents. 
The UES opens and closes in complex patterns well coordinated with 
laryngeal movement to prevent aspiration during swallowing, belching, 
and vomiting. The UES tone increases during various digestive or respira-
tory tract re fl exes to prevent the insuf fl ation of air into the esophagus or 
the pharyngeal re fl ux of esophageal contents with possible aspiration. The 
speci fi c actions of individual muscles of the UES differ among its various 
functions. The UES is fully functional as early as 33 weeks postmenstrual 
age although the speci fi c parameters may differ.  

R. Shaker et al. (eds.), Principles of Deglutition: A Multidisciplinary Text for Swallowing and its Disorders, 
DOI 10.1007/978-1-4614-3794-9_17, © Springer Science+Business Media New York 2013
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   Introduction    

 The upper esophageal sphincter (UES) has two 
basic functions: opening and closing, and each is 
governed by a different set of muscles. The clos-
ing muscles consist of the cricopharyngeus (CP), 
inferior pharyngeal constrictor (IPC), and the 
cervical esophagus. The opening muscles consist 
of sets muscles anterior and posterior to the phar-
ynx. The CP is the primary closing muscle of the 
UES. The CP is not only the major contributor to 
basal pressure of the UES, but it is the primary 
UES muscle that responds during various func-
tions. The other UES closing muscles primarily 
contribute to the basal pressure of the UES.  

   Anatomy 

   Muscle Composition 

   UES Closing Muscles 
   Cricopharyngeus 
 The CP muscle attaches to the cricoid cartilage 
forming a muscular band at the junction of the 
esophagus and pharynx (Fig.  17.1 ). The CP is 
formed by two sets of muscle  fi bers. The obliquely 
oriented  fi bers, pars oblique (CPo), that are adja-
cent to the IPC extend from the cricoid cartilage 
to a median raphe  [  1  ] . The horizontally oriented 
 fi bers, i.e., pars fundiformis (CPh), are adjacent 
to the esophagus and extend between the lateral 
aspects of the lower portion of the cricoid carti-
lage without forming a median raphe  [  1  ] . The CP 
is a striated muscle composed of  fi bers 25–35  m m 
in diameter  [  1,   2  ]  which forms a  fi ber network 
that inserts onto connective tissue  [  3  ] . The CP is 
composed of both slow- (type I, oxidative) and 
fast-twitch (type II, glycolytic) muscle  fi bers, but 
the type I  fi bers predominate  [  1–  5  ] . The horizontal 

 fi bers are composed of 76 % type I  fi bers whereas 
the oblique  fi bers contain 69 % type I  fi bers  [  5  ] . 
Both portions of the CP contain two layers and 
the inner layer is composed of signi fi cantly more 
type I  fi bers than the outer layer  [  5  ] . The layers 
not only differ in the amount of major myosin 
heavy chain (MHC) composition, but also in their 
unusual MHC isoform composition  [  6,   7  ] . The 
inner layer is composed of slow tonic and embry-
onic MHC isoforms, whereas the outer layer is 
composed of neonatal and alpha-cardiac MHC 
isoforms  [  7  ] . It is hypothesized that the isoform 
composition of the CP muscle layers, e.g., slow- 
vs. fast-twitch, is related to the function of the 
CP, e.g., tone generation vs. rapid responsiveness 
during swallowing, respectively  [  6,   7  ] , but this 
hypothesis has not been tested. The role of the 
more unusual MHC isoforms in CP function is 
unknown.  

 The optimum length at which the CP reaches 
maximum active tension is about 1.7 times rest-
ing length  [  8  ] , whereas this maximal tension in 
most striated muscles occurs at resting length. 
The source of this elasticity may be attributed to 
the connective tissue, i.e., collagen, elastin, sar-
colemma, or the contractile proteins, actin and 
myosin  [  9  ] . The CP contains more elastic con-
nective tissue and sarcolemma than most other 
striated muscles  [  2,   3  ] . This high degree of elas-
ticity as well as the network arrangement of mus-
cle  fi bers contributes to some important and 
distinctive characteristics of the UES. The UES 
is capable of maintaining a basal tone without 
active muscular contraction. The active tension 
of the UES increases throughout the range of dis-
tention  [  8  ]  similar to Starling’s law of the heart, 
allowing a greater force to be exerted by the UES 
behind a passing bolus. This characteristic would 
be important to propel larger boluses and to pre-
vent re fl ux. In addition, the optimum length of 
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the CP is larger than the maximum bolus volume 
likely to occur  [  8  ] , ensuring that the UES tension 
always accommodates the bolus. Finally the high 
degree of elasticity of the CP allows the UES to 
be opened by a bolus or distraction forces with-
out relaxation of the CP  [  10  ] .  

   Inferior Pharyngeal Constrictor 
 The  fi bers of the IPC insert onto the sides of the 
cricoid and thyroid cartilages (Fig.  17.1 ), run 
dorsally and medially, and meet at a  fi brous raphe 
at the median line of the posterior pharynx  [  11  ] . 
The IPC, like the CP, differs anatomically in a 
rostrocaudal direction. The rostral  fi bers of the 
IPC  [  11  ]  contain more (61 %) fast-twitch  fi bers 
than the caudal  fi bers (30 %). Similar to the CP, 
the IPC, both rostrally and caudally, is composed 
of two layers: an inner layer of slow-twitch mus-
cle  fi bers and an outer layer of fast-twitch muscle 
 fi bers  [  12  ] . The inner layer of slow-twitch  fi bers 
of the caudal IPC is twice as thick as the outer 
layer of fast-twitch  fi bers, and this organization is 
reversed for the rostral IPC. The muscle  fi bers of 
the most caudal portion of the IPC are most simi-
lar to those of the most rostral portion of the CP. 
They have similar distribution of slow- and fast-
twitch  fi bers (84 vs. 16 %) and both have similar 
proportional thicknesses of inner and outer layers 
(2:1 ratio). The IPC also has the similar composi-
tion of MHC isoforms as the CP as described ear-
lier  [  5  ] . The IPC contains both collagen and 
elastin, but elastin content of the IPC is less than 
that of the CP.  

   Cervical Esophagus 
 The muscle  fi bers of the cervical esophagus 
(Fig.  17.1 ) are exclusively striated muscle for the 
 fi rst 1–5 cm and they are arranged in a strictly 
horizontal fashion  [  13  ] . The muscle  fi bers of the 
cervical esophagus are about the same size as the 
adjacent CP muscle  fi bers  [  14  ] , and some have 
found that the CP contributes  fi bers to the cranial 
portion of the esophagus  [  15  ] . The predominant 
muscle  fi ber type of the cervical striated muscle 
esophagus in animals is fast twitch  [  15,   16  ] , but 
this issue is unclear in humans because of 
signi fi cant differences among studies in handling 
of human tissues  [  13–  16  ] . Unlike the IPC and CP, 

no regional differences in  fi ber type have been 
found in the human esophagus  [  14  ] . The most 
proximal portion of the cervical esophagus has 
similar composition of MHC isoforms as the CP 
as described earlier  [  7  ] . The connective tissue 
composition of the cervical esophageal striated 
muscles is similar to other striated non-CP 
muscles.   

   UES Opening Muscles 
   Anatomy of the Anterior UES Opening 
Muscles 
 The anterior muscles include the superior and 
inferior hyoid muscles (Fig.  17.1 ). The superior 
hyoid muscles include the geniohyoideus, 
mylohyoideus, stylohyoideus, hyogolossus, and 
anterior belly of the digastricus. These muscles 
arise from various structures superior to the hyoid 
bone and insert onto the superior aspect of the 
hyoid bone so that their contraction acts to move 
the layngohyoid complex superiorly and anteri-
orly  [  17  ] . The inferior muscles include the thy-
rohyoideus, sternohyoideus, sternothyroideus, 
and omohyoideus. The thyrohyoideus arises from 
the thyroid cartilage, the strenohyoideus arises 
from the clavicle and manubrium, the sternothy-
roideus arises from the manubrium and upper 
vertebrae, and the omohyoideus arises from the 
scapula. All four muscles insert onto the inferior 
aspect of the hyoid bone  [  17  ] . The action of these 
muscles is to pull the hyoid bone and thyroid car-
tilage inferior and anterior. Most of the action of 
these anterior UES opening muscles is on the 
hyoid bone with the thyrohyoideus forming 
the connection between the hyoid and larynx. 
The simultaneous contraction of the anterior 
muscles, thus, acts to move the hyoid bone and 
larynx anteriorly. The relative contribution of 
these anterior muscles to opening of the UES 
depends on the function of the UES, and the 
stronger and wider the opening needed the more 
of these muscles are recruited.  

   Anatomy of the Posterior UES Opening 
Muscles 
 The posterior muscles (Fig.  17.1 ) include the sty-
lopharyngeus, palatopharyngeus, pterygopharyn-
geus, and perhaps other superiorly directed 
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posterior pharyngeal muscles  [  17  ] . The actions of 
these muscles are to elevate the pharynx and to 
stabilize the posterior wall of the pharynx by pro-
viding tension posteriorly.  

   Histology of the UES Opening Muscles 
 The UES opening muscles are histologically and 
histochemically similar to limb muscles and sim-
ilar to each other  [  18–  20  ] . The muscle  fi bers are 
oriented in parallel fashion, the  fi bers are uniform 
size, and there is little connective tissue. Most of 
the  fi bers, about 60–85 %, are composed of fast-
twitch (type II)  fi bers and have a diameter of 20 
to 40  m m. The only opening muscle that differs to 
a signi fi cant degree is the thyrohyoid which has 
more type I (40 %) and highly oxidative muscle 
 fi bers  [  20  ]  than the other UES opening muscles. 
The increased fatigue resistance that results from 
these types of muscle  fi bers may contribute to the 
tonic functions of the thyrohyoid. The thyrohyoid 
maintains a constant distance between the thyroid 
and hyoid cartilages during many activities and 
tonically contracts to provide the main link 
between the suprahyoid muscles and the larynx.    

   Motor Innervation 

   UES Closing Muscles 
   Cricopharyngeus 
 The CP receives innervation from the pharyngeal 
plexus which is supplied by three nerves: vagus 
nerve branches, glossopharyngeal nerve (GPN), 
and sympathetic nerve  fi bers  [  17  ] . The vagal 
input to the pharyngeal plexus consists of three 
separate branches: the pharyngoesophageal 
nerve (PEN), the superior laryngeal nerve (SLN), 
and the recurrent laryngeal nerve (RLN). 
Although there is no prominent raphe of the CP, 
the CP is bilaterally innervated  [  21  ]  with each 
half of the CP acting as a distinct motor unit  [  8  ] . 
The motor endplates of the CP form distinctive 
bands in each half of the CPh, but both CPo and 
CPh have endplates scattered throughout the 
muscle  [  4  ] . The sympathetic nerves probably 
innervate the blood vessels and epithelial mucous 
glands, but they have no role in motor control of 
the CP  [  22  ] . 

 The motor innervation of the CP is species 
dependent. The PEN provides the motor innerva-
tion of the CP in most animal species. Electrical 
stimulation of the PEN in dogs and cats contracts 
the CP and transection of the PEN chronically 
paralyzes the CP  [  23  ] . The effects of electrical 
stimulation of three of the nerves supplying the 
pharyngeal plexus on glycogen depletion of the 
CP in rats were determined  [  24  ] . Glycogen depletion 
is an index of the amount of muscle contraction. 
It was found that the PEN had the greatest effect 
on glycogen depletion, followed by the SLN 
stimulation, whereas the RLN stimulation had no 
effect  [  24  ] . Studies of the effects of electrical 
stimulation of the GPN and all three branches of 
the vagus nerve on EMG and contractile activi-
ties in cats found similar results to the glycogen 
depletion studies in rats. Electrical stimulation of 
the PEN  [  8,   25  ]  had the greatest effect on CP 
EMG and contractile activities, much less activa-
tion by SLN  [  8,   25  ]  or GPN  [  25,   26  ]  stimulation, 
and no effect of RLN  [  8,   25,   27  ]  stimulation. In 
addition, in chronically instrumented dogs, 
transection of the PEN rather than the GPN or 
SLN had profound long-term de fi cits on swal-
lowing and resting pharyngeal pressure, and pro-
duced denervation potentials in the CP  [  26,   28  ] . 
On the other hand, transection of the RLN unilat-
erally had no effect on resting UES pressure  [  29  ] . 
Furthermore in cats, transection of the PEN, but 
not SLN and RLN, bilaterally blocked the CP 
EMG responses during swallowing  [  8,   25  ] . 

 The motor innervation of the CP in humans is 
unclear. A PEN has not been observed in humans 
 [  30  ]  and data on the role of the RLN is contradic-
tory. Some have suggested that the RLN inner-
vates the CP based on visually tracing nerve 
 fi bers  [  4  ]  or examining the effects of electrical 
stimulation of the RLN on electrical responses 
recorded from the CP  [  22,   31,   32  ] . On the other 
hand, CP of humans does not appear to be func-
tionally innervated by the RLN as laryngeal 
paralysis due to RLN damage is not associated 
with UES contractile dysfunction  [  33  ] . 

 Investigators found that electrical stimulation 
of the RLN caused electrical responses recorded 
from electrodes on the CP  [  31  ] , but the source of 
these responses was not determined. It is possible 
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that these CP electrical responses to RLN stimu-
lation were due to the spread of current from the 
underlying laryngeal muscles, because transec-
tion of all of the nerves innervating the CP did 
not eliminate these responses  [  32  ] . In addition, 
the very same RLN stimulation caused electrical 
responses on the IPC as well as the CP  [  32  ] , even 
though prior evidence found no innervation of 
the IPC by the RLN  [  4,   11  ] . Furthermore, the 
spread of current from underlying muscles can 
also explain the results of the other electrical 
recording studies. That is, the current needed to 
cause CP electrical responses to RLN stimulation 
 [  31  ]  was much greater than that for PEN stimula-
tion  [  8  ] , and the magnitude of the electrical 
responses recorded from the CP during RLN 
stimulation  [  31  ]  was much smaller than those 
activated by PEN stimulation  [  8  ] . In none of these 
electrical recording studies  [  22,   31,   32  ]  of the CP 
were experiments performed to control for the 
possibility of spread of current from the underly-
ing laryngeal muscles yet the RLN is the primary 
nerve innervating these laryngeal muscles. 

 Moreover, the ability of current spread from 
laryngeal muscles to electrodes on the CP has 
been observed in prior studies. That is, the elec-
trical stimulation of the PEN or RLN caused 
electrical responses on the CP, but the electrical 
response to PEN stimulation was far greater 
(more than tenfold) and only PEN stimulation 
caused contraction of the CP  [  25  ] . One source of 
this current spread may be the posterior cri-
coarytenoideus (PCA) as the PCA lies just below 
the anterior border of the CP and the RLN inner-
vates the PCA. Interestingly, the peak electrical 
response on the CP to RLN stimulation was at the 
anterior portion of the CP  [  22  ] , which is the clos-
est part of the CP to the underlying PCA. 
Therefore, the evidence supporting a role for the 
RLN in the motor innervation of the CP is weak. 

 In a retrospective review of clinical cases with 
nerve damage, investigators correlated dysfunc-
tion of various UES related muscles  [  34  ] . They 
found that CP dysfunction was very closely 
related to IPC dysfunction and minimally associ-
ated with laryngeal muscle dysfunction, suggest-
ing that CP and IPC had common innervation and 
that CP and laryngeal muscles did not. Since the 

RLN innervates the larynx and the pharyngeal 
plexus innervates the IPC, it was concluded that 
the major innervation of the CP was through the 
pharyngeal plexus and not RLN. 

 In summary, while the motor innervation of 
the CP of animals is clear from both anatomical 
and physiological studies, the innervation of the 
human CP is still unknown. It is suggested that 
the motor innervation of the human CP will not 
be de fi ned until techniques that measure actual 
muscle contraction are employed.  

   Inferior Pharyngeal Constrictor 
 The motor innervation of the IPC is supplied pri-
marily by the pharyngeal branch of the vagus 
nerve through the pharyngeal plexus  [  4,   11  ] ; 
however, no physiological studies have been 
reported that have investigated this issue directly. 
Many studies have attempted to trace nerve  fi bers 
through the pharyngeal plexus to the IPC, but 
because this innervation is through a plexus of 
interconnecting nerves it is not possible to 
de fi nitively determine which branch supplies the 
IPC using these techniques. The inferior IPC 
(iIPC) is supplied by the same branch of the pha-
ryngeal branch of the vagus nerve that supplies 
the CP  [  11  ] . This implies similar control mecha-
nisms, but no physiological studies have been 
reported to con fi rm this conjecture. The entire 
IPC muscle has a single vertical band of motor 
end plates that corresponds to the location of the 
pharyngeal plexus  [  4  ] .  

   Cervical Esophagus 
 The motor innervation of the cervical esophagus 
is supplied by the RLN  [  4,   21,   23  ] . The terminal 
branches travel around the esophagus in a circu-
lar fashion and cross the midline both anteriorly 
and posteriorly  [  4  ] .   

   UES Opening Muscles 
   Anterior Muscles 
 The individual anterior muscles have different 
motor innervations  [  17  ] . The motor nerves of the 
superior set of anterior muscles include the hypo-
glossal nerve for hypogolossal muscles, the facial 
nerve for the stylohyoideus, the  fi rst cervical 
nerve for the geniohyoideus, and the trigeminal 
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nerve for both the mylohyoideus and the anterior 
belly of the digastricus. The inferior set of ante-
rior muscles, thyrohyoideus, sternohyoideus, and 
sternothyroideus, all have the same motor nerves, 
the ansa cervicalis containing the  fi rst to third 
cervical nerves.  

   Posterior Muscles 
 The posterior opening muscles are innervated by 
different motor nerves. The GPN innervates the 
stylopharyngeus, and the accessory nerve inner-
vates the palatopharyngeus.    

   Sensory Innervation 

   UES Closing Muscles 
 The epithelium and muscle  fi bers of the UES 
receive sensory innervation. The pharyngeal epi-
thelium is innervated by branches of the GPN, 
SLN, and vagus nerves  [  35–  39  ] , and the esopha-
geal epithelium is innervated by the vagus nerves, 
and the SLN  [  39  ]  or RLN  [  32  ]  depending on the 
species. The SLN mediates various re fl exes from 
the pharynx and esophagus including swallowing 
and the esophago-UES contractile re fl ex from the 
most proximal portion of the esophagus  [  40  ] . The 
RLN mediates the afferent limb of esophago-
UES contractile re fl ex from the distal portion of 
the cervical esophagus  [  23  ] . The vagus nerves 
mediate the afferent limb of the esophago-UES 
contractile re fl ex from the thoracic esophagus 
 [  41  ] . The GPN  [  42  ]  mediates the afferent limb of 
the pharyngo-UES contractile re fl ex. The loss of 
sensory function of the UES may explain some of 
the swallowing de fi cits observed after transection 
of the GPN in dogs  [  26,   28  ] . The CP is devoid of 
muscle spindles  [  3,   4  ] , but a Golgi tendon organ-
like structure has been found in the human CP 
that may be involved in proprioception  [  43  ] .  

   UES Opening Muscles 
 The UES opening muscles are all striated mus-
cles and like most striated muscles they contain 
proprioceptors and the sensory nerves for these 
proprioceptors are the same as the motor nerves 
described earlier  [  44–  47  ] . The UES opening 
muscles that do not have muscle spindles include 

the digastric  [  46  ]  muscle, stylohyoideus  [  44  ] , and 
stylopharyngeus  [  44  ] .   

   Neurochemical Control 

   UES Opening and Closing Muscles 
 The only neurotransmitter of any of the UES 
opening or closing muscles found to mediate 
contraction is acetylcholine acting through nico-
tinic cholinergic receptors. However, the follow-
ing neuropeptides have been found in the CP: 
neuropeptide Y, calcitonin gene related peptide 
(CGRP), tyrosine hydroxylase, substance P, vaso-
active intestinal polypeptide (VIP), and galanin 
 [  48  ] . CGRP has also been found in the thyropha-
ryngeus (TP, i.e., the inferior constrictor in ani-
mals) as well as the striated muscle esophagus, 
but there is less CGRP in the CP than TP  [  49,   50  ] . 
The functional signi fi cance of these neuropep-
tides in the UES muscles is unknown, but they 
may represent the autonomic innervation of the 
muscle because substance P, VIP, and galanin are 
found in parasympathetic nerves and CGRP, neu-
ropeptide Y, and tyrosine hydroxylase are found 
in sympathetic nerves. In general, within the CP 
the sympathetic neuropeptides were more abun-
dant than the parasympathetic neuropeptides. 
Parasympathetic ganglia have been found in the 
CP, but not the TP. The roles of the sympathetic 
or parasympathetic innervation and the neuro-
peptides in control of the UES are unknown, but 
they probably function to control blood  fl ow to 
the UES and some aspects of epithelial function.   

   CNS Control 

   Motor neurons 
   UES Closing Muscles 
 Most of the motoneurons of the closing muscles 
of the UES, i.e., CP, IPC, and cervical esophagus, 
are located in the nucleus ambiguus (NA). The 
NA is topographically organized such that the more 
rostral portions of the NA contain the motoneu-
rons to the more caudally located muscles 
 [  51–  56  ] . The innervation of the IPC and the CP 
in those species in which the CP has a median 
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raphe is mostly unilateral  [  52,   55  ] , and this uni-
lateral arrangement has been con fi rmed in physi-
ological studies of swallowing  [  57  ] . In contrast, 
the re fl ex activation of the CP requires both 
halves of the brain stem and electrical stimulation 
of the nucleus tractus solitarius (NTS), the pri-
mary termination site of vagal afferents, causes 
bilateral activation of the CP  [  58  ] . These results 
suggest that control of the UES differs with dif-
ferent functions. 

 The neurons of the nucleus ambiguus have 
extensive dendritic arborization to the adjacent 
reticular formation  [  59  ] , and ultrastructural stud-
ies indicate that the synapses on these neurons 
are both excitatory and inhibitory  [  60  ] . These 
 fi ndings provide an anatomical basis for the 
numerous excitatory and inhibitory responses of 
the UES and CP. Many pharyngeal motor neu-
rons exhibit respiratory rhythm, but none of them 
have a spontaneous background discharge sug-
gesting that the pharyngeal motor neurons are not 
the source of UES tone  [  61  ] . 

 The NA is strongly activated during functions 
which involved signi fi cant changes in UES con-
tractility including swallowing  [  62  ] , secondary 
peristalsis  [  62,   63  ] , and belching  [  63  ] .  

   UES Opening Muscles 
 The motor nuclei of the UES opening muscles 
mirror the motor nerves  [  17  ] . The motor nuclei of 
the anterior suprahyoid muscles include the 
hypoglossal nucleus for hypogolossal muscles, 
the facial nucleus for the stylohyoideus, the  fi rst 
cervical division of the spinal cord for the 
geniohyoideus, and the trigeminal nucleus for 
both the mylohyoideus and the digastricus. The 
anterior infrahyoid muscles, thyrohyoideus, ster-
nohyoideus, and sternothyroideus, all have motor 
nuclei in the  fi rst to third cervical divisions of the 
spinal cord. The motor nucleus of the posterior 
opening muscles is the nucleus ambiguus.   

   Sensory and Premotor Neurons 
   UES Closing Muscles 
 Pharyngeal vagal afferents have their cell bodies 
in the nodose ganglion  [  53  ]  and terminate on pre-
motor neurons found in the interstitial and inter-
mediate subnuclei of the NTS  [  64–  67  ] . However 

stimulation of the pharynx using a physiological 
stimulus  [  62  ] , i.e., water injection, activated neu-
rons in the interstitial, intermediate, as well as the 
ventromedial subnucleus of the NTS. The speci fi c 
premotor neurons participating in each re fl ex 
response initiated by stimulation of the pharynx 
are unknown. 

 Esophageal afferents have their cell bodies in 
the nodose ganglion  [  68,   69  ]  and cervical and 
thoracic dorsal root ganglia of the spinal cord 
 [  68,   70  ] ; the nodose  fi bers  [  68  ]  terminate in pre-
motor neurons  [  64,   67,   71  ]  in the central subnu-
cleus of the NTS. No studies have been conducted 
to speci fi cally examine the most rostral portion of 
the cervical esophagus that forms part of the 
UES. It is possible that this area of the esophagus 
has similar distribution of premotor neurons as 
the pharynx. However, stimulation of speci fi c 
esophageal mechanoreceptors  [  62,   63  ]  and 
chemoreceptors  [  72  ] , which activate different 
sets of physiological responses, activated differ-
ent sets of subnuclei within the NTS. Therefore, 
different sets of premotor nuclei, activated by dif-
ferent types of esophageal stimuli, result in the 
activation of different responses.  

   UES Opening Muscles 
 The central nuclei mediating proprioception of 
the UES opening muscles include portions of the 
spinal cord and brainstem  [  17  ] . The sensory 
nuclei of the inferior set of anterior UES opening 
muscles as well as the geniohyoideus include the 
 fi rst three divisions of the cervical spinal cord. 
The sensory nucleus of the palatopharyngeus and 
hyoglossus is the medullary nucleus of the spinal 
tract of the trigeminal nerve, and the sensory 
nucleus of the mylohyodeus is the mesencephalic 
nucleus of the trigeminal nerve.     

   Physiology 

   UES Tone Generation 

 Tone is the constant force within the sphincter 
generated by both passive and active mechanical 
properties of the UES closing muscles which may 
be recorded intraluminally by pressure transducers. 
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Electromyographic (EMG) activity can also be 
used as an index of UES tone. Manometry, how-
ever, is subject to two limitations: (1) manometry 
cannot distinguish between passive and active 
tension and (2) pressure transducers create pas-
sive tension themselves by distending the elastic 
components of the UES muscles. The main limi-
tation of EMG activity is that it can provide an 
index of active, but not passive tension. Another 
important consideration is that the UES is com-
posed of striated muscles that unlike smooth mus-
cles have no intrinsic tone generating mechanisms. 
All tone of the UES must arise from activation of 
the motor neurons. 

 Manometric studies have found a wide range, 
35–200 mmHg, of resting UES pressure [73], 
which falls to very low levels during sleep  [  74  ]  or 
anesthesia  [  75  ] . Chronic animal studies have 
found that CP EMG activity falls to very low lev-
els when the animal is relaxed and its head sup-
ported (Fig.  17.2 ). In addition, pharyngeal 
motoneurons of decerebrate and paralyzed cats 
do not exhibit a spontaneous discharge  [  61  ] . 
Therefore, evidence suggests that the UES has no 
active basal tone, although a residual intralumi-
nal pressure may be recorded manometrically 
due to the passive elastic properties of the UES 
closing muscles.  

 Although there is no basal tone of the UES, 
the tone of the UES is highly variable and can 
increase to very high levels. High UES pressures 
(Fig.  17.3 ) have been recorded during acute stress 
 [  76,   77  ]  and other emotional states  [  78  ] , and 
sharp increases in UES pressure have been 
recorded during waking  [  79  ] . In addition, large 
increases in ongoing EMG activity of the CP in 
animals  [  78  ]  have been recorded during changes 
in posture and in response to stress or excitation. 
Therefore, while the UES has no basal tone, many 
re fl exes function to alter UES tone.  

 The speci fi c muscles involved in active UES 
tone generation have been investigated by record-
ing EMG from the TP, CP, and proximal esopha-
gus in conscious nonsedated and nonrestrained 
animals. Under these conditions, it was observed 
 [  78  ]  that the TP EMG changed little regardless 
of excitability, arousal, and head position, 
whereas the CP EMG changed greatly (Fig.  17.4 ). 

In addition, correlation of basal TP and CP EMG 
with UES pressure during changes in excitability 
 [  78  ]  revealed that CP but not TP EMG was related 
to UES pressure. Yet, even in these studies  [  78  ]  it 
was found that peak pressure of the upper esoph-
ageal high pressure zone (UEHPZ) was observed 
at the distal end of the TP or proximal end of the 
CP (Fig.  17.5 ). However, as with similar human 
studies  [  79  ]  these measurements were made with 
the animal relaxed and its head supported. Only 
under these conditions is the TP tone more active 
than the CP tone. Therefore, while peak UEHPZ 
may occur in or close to the TP, this  fi nding only 
applies to the unusual conditions of the recording 
session and probably does not re fl ect the situa-
tion in a freely active individual. The UEHPZ 
may be higher in the vicinity of the TP under very 
low states of CP activation, because the TP is less 
compliant than the CP due to the high content of 
elastic tissue in the CP.   

  Fig. 17.2    High variability of CP but not TP EMG. This 
 fi gure depicts the EMG responses of the TP, CP, and dia-
phragm in a minimally restrained awake chronically 
instrumented dog. Throughout this recording the dog is 
lying prone with its head upright or resting down on its 
paws. Note that the CP but not TP EMG varies with head 
position, and when the dog is relaxed at rest with its head 
down the TP EMG exceeds the CP EMG.  TP  thyropha-
ryngeus,  CP  cricopharyngeus,  Dia-D  diaphragmatic dome 
 fi bers. From I.M. Lang. GI motility online; 2006; 
doi:10.1038/gimo12 with permission from Nature 
Publishing Group       
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 The above studies recorded TP EMG 1–2 cm 
above the CP in dogs, but recent evidence sug-
gests that the (iIPC) of humans has similar his-
tochemical properties and innervation patterns as 
the CP  [  11  ] , and therefore may also participate in 
the UEHPZ and tone generation. However, no 
physiological studies have been reported to date 
to con fi rm this conjecture.  

   UES Opening and Closing 

 The UES opens during various physiological 
states, e.g., swallowing, vomiting, and belching, 
to allow the passage of luminal contents, but the 
speci fi c manner of the opening and the speci fi c 
muscles involved differ with the physiological 
state. In all states, UES opening begins with UES 
relaxation followed brie fl y by contraction of UES 
distracting muscles, but the speci fi c responses 
differ. 

   Swallowing 
 Opening of the UES during swallowing is a very 
complex maneuver. Simultaneous recordings of 
UES pressure and opening with EMG recording of 
UES muscles in awake and unanesthetized dogs 
found the following sequence of events during 
swallowing  [  78  ] . Firstly the CP muscle relaxed, 
about 100 ms later the UES pressure began to fall, 
i.e., UES relaxation, and this was followed about 

80UES
pressure
(mmHg)

Skin
conductance

max (%)

EMG
max (%)

Heart
rate

100

0

0

100

0

1 min

  Fig. 17.3    Effect of stress on UES pressure. This  fi gure 
depicts the tracings of UES pressure, skin conductance, 
integrated frontalis EMG, and heart rate before and 
during a stressful listening task (at  arrow ). Note the 

anticipatory rise in UES pressure about 15 s before the 
stress begins. From I.M. Lang. GI motility online; 
2006; doi:10.1038/gimo12 with permission from Nature 
Publishing Group       

  Fig. 17.4    Relationship of CP and TP EMG activities to UES 
pressure during rest and excitation. ( a ) Actual responses. 
( b ) Graph of the relationship between EMG and UES pres-
sure. The UES pressure changed  fi ve times: one swallow (S) 
preceded and followed by two rises in UES pressure induced 
by whistling in an awake dog lying on its side. Note that UES 
pressure changes correlated well ( p  < 0.05) with integrated 
CP-EMG but not integrated TP-EMG.  TP  thyropharyn-
geus,  CP  cricopharyngeus. From I.M. Lang. GI motility 
online; 2006; doi:10.1038/gimo12 with permission from 
Nature Publishing Group       
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100 ms (150 ms in humans  [  80  ] ) later by UES 
opening (Fig.  17.6 ). Video fl uoroscopic studies 
 [  78,   80  ]  found that UES opening was associated 
with superior and anterior movement of the hyoid 
and larynx (Fig.  17.7 ). The onset of the superior 
movement of the hyoid and larynx coincided with 
the beginning of UES relaxation and preceded 
anterior movement of the larynx and hyoid by 
about 100 ms in dogs  [  78  ]  and over 200 ms in 
humans  [  74  ] . The anterior movement just preceded 
(humans  [  80  ] ) or was concomitant (dogs  [  78  ] ) 
with UES opening. The sequential movement of 
hyoid superiorly and anteriorly (Fig.  17.8 ) proba-
bly accounts for the elliptical pattern of movement 
of the hyoid bone observed during swallowing 
 [  80,   81  ] .    

 The CP is the primary muscle that relaxes to 
permit UES opening  [  10,   78,   80,   81  ] , while the 
TP muscle contracts during this time  [  78,   82,   83  ] . 

During swallowing the CP relaxes for about 0.5 s 
in humans  [  79,   81  ]  and about 0.3 s in dogs  [  78, 
  82,   83  ] . Superior movement of the larynx and 
hyoid is probably caused by contraction of the 
superior hyoid muscles as all of these muscles 
begin to be activated (Fig.  17.9 ) concomitant with 
CP relaxation and this activation continues 
throughout CP relaxation  [  80,   83  ] . The inferior 
hyoid muscles completely relax during this time 
(Fig.  17.10 ) allowing maximum superior move-
ment of the hyoid, larynx, and UES  [  78,   83  ] . 
Anterior movement of the hyoid and larynx 
corresponds with maximal activation of the 
geniohyoideus which suggests that the geniohyoi-
deus is one of the primary suprahyoid muscles 
responsible for UES opening  [  78,   83  ] . The sty-
lopharyngeus is activated concomitant with the 
geniohyoideus; therefore, it is likely that maxi-
mum opening of the UES is due not only to 
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  Fig. 17.5    Relationship of upper esophageal high-pressure 
zone (UEHPZ) to the pharyngoesophageal muscles. 
Data compiled from three different studies of the posi-
tion of the UEHPZ with respect to individual pharyn-
geal muscles based on combined manometric and 
video fl uoroscopic studies. Note that the peak pressures 
of the UEHPZ in humans at rest with the head  fi xed in 

all three studies coincide with the lower border of the 
IPC.  A  arytenoid,  AEF  aryepiglottic fold,  CC  cricoid 
cartilage,  ESO  esophagus,  IPC  inferior pharyngeal 
constrictor,  PE  pharyngoesophageal,  TR  tracheal ring, 
 VC  vocal cord. From I.M. Lang. GI motility online; 
2006; doi:10.1038/gimo12 with permission from Nature 
Publishing Group       
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  Fig. 17.6    Temporal relationship of UES pressure, open-
ing, and CP EMG during 4-mL barium swallow relative to 
hyoid movement. The start and end of hyoid movement 
are indicated by  vertical lines  where the  shaded areas  
indicate standard error (SE). Horizontal bars depict 
mean + SE onset and offset of measured variables relative 
to start of hyoid movement.  Green bars  depict data from 

noninstrumented dogs ( n  = 8), and  blue bars  depict data 
from instrumented dogs ( n  = 6). Note the electrode implan-
tation signi fi cantly delayed time of UES closure. There is 
approximately a 100-ms difference between CP relax-
ation, UES relaxation, and UES opening. From I.M. Lang. 
GI motility online; 2006; doi:10.1038/gimo12  with 
permission from Nature Publishing Group       

  Fig. 17.7    Relationship among hyoid and laryngeal move-
ment, UES relaxation, and UES opening for a 5 mL barium 
swallow. Note that superior relocation of the larynx precedes 
UES penetration by the bolus. Anterior movement of the 

hyoid and larynx precedes UES opening From I.J. Cook et al. 
Am JPhysiol 1989;257:G748–59 used with permission of 
the American Physiological Society       

 

 



24717 Development, Anatomy, and Physiology of the Upper Esophageal Sphincter...

  Fig. 17.8    Movement of the hyoid bone during belching 
( a ) and swallowing ( b ).  Open circles  indicate UES open-
ing observed by video fl uoroscopy. Although hyoid bone 
movement during swallowing was invariably upward, for-
ward, and counterclockwise, its movement during belch-
ing was mainly anterior and clockwise. The magnitude of 
hyoid bone movement during belching was signi fi cantly 
less than its movement during swallowing. Hyoid bone 
movement is an indication of the magnitude of the distrac-
tion forces that open the UES ( p  < 0.02). From I.M. Lang. 
GI motility online; 2006; doi:10.1038/gimo12 with per-
mission from Nature Publishing Group       
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anterior movement of the pharynx caused by 
activation of the geniohyoideus, but also by pos-
terior stabilization of the pharynx caused by acti-
vation of the stylopharyngeus and other posterior 
pharyngeal muscles.    

   Belching 
 Belching is characterized by a prolonged, over 
1 s, drop in UES tone  [  84,   85  ] , opening of the 
UES  [  84,   85  ] , and relaxation of the UES muscles 
 [  65  ] . Unlike swallowing both the TP and CP 
relax during belching and the UES pressure drop 
during belching coincides with, rather than pre-
cedes, UES muscle relaxation  [  86  ] . In addition, 
during belching most of the distracting muscles 
are not active and the one active distracting mus-
cle, the thyrohyoideus (Fig.  17.11 ), is activated at 
a low but constant level  [  88  ] . These small changes 
in UES distracting muscles probably account for 
the rather short anterior movement and lack of 
superior movement of the hyoid bone observed 
during belching  [  84,   85  ] . The role of infrahyoid 
and posterior pharyngeal muscles during belch-
ing remains to be studied, but given the small 
response of the anterior distracting muscles and 
small anterior movement of the hyoid  [  84,   85  ]  it 
is suggested that UES opening during belching 
may be related more to the distracting effects of 
the bolus than occurs during other functions like 
swallowing. This effect may account for the 
observation that the delay from UES pressure 
drop to UES opening is longer during belching 
 [  85  ]  than during swallowing  [  80  ] .   

   Retching and Vomiting 
 The UES is involved in numerous functions 
during retching and vomiting and all three UES 
closing muscles participate in one or more of 
these responses (Fig.  17.12 ).  

   Preretch Tone Increase 
 Just prior to retching the tone of the UES increases 
greatly in phase with the diaphragm, and this 
increase in tone involves the CP and cervical 
esophagus, but not the TP  [  83  ] . The function of 
this increase in tone is to prevent air insuf fl ation 
of the esophagus during the large negative tho-
racic pressure that is subsequently generated dur-
ing the  fi rst very large inspiration of the  fi rst retch. 
This closing of the UES allows the lungs to fully 
in fl ate without allowing air into the esophagus or 
stomach. The LES is relaxed at this time so with-
out UES closure the stomach would  fi ll with air.  
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  Fig. 17.9    Response of UES muscles during swallowing. 
This  fi gure illustrates the EMG responses of the three UES 
closure muscles and many of the superior hyoid UES open-
ing muscles during a dry swallow ad lib feeding of canned 
food in a chronically instrumented dog. Note that the three 
UES closing muscles respond quite differently during swal-

lowing, but the superior opening muscles activate almost 
simultaneously.  MH  mylohyoideus,  GH  geniohyoideus, 
 TH  thyrohyoideus,  TP  thyropharyngeus,  CP  cricopharyn-
geus,  ESO  esophagus 2 cm below CP. From I.M. Lang. 
GI motility online; 2006; doi:10.1038/gimo12 with 
permission from Nature Publishing Group       

   Phasic Changes in UES Tone During Retching 
 After the  fi rst very large retch, the diaphragm and 
glottis then shift phase so that the diaphragm 
contracts during glottal closure instead of glottal 
opening  [  83  ] . This phase shift allows the dia-
phragm to be used as a pump to expel gastric 
contents and the external intercostal muscles then 
become the sole generator of inspiration. Thus, at 
the end of the inspiratory phase of the  fi rst retch, 
the glottis closes as the UES opens shifting the 

force of the diaphragmatic contraction to the 
stomach. The diaphragm then relaxes, glottis 
opens, and UES closes very strongly  [  83  ] . The 
function of this closure of the UES during this 
phase of retching is to prevent aspiration as this 
occurs during inspiration and gastric contents 
may be in the upper esophagus at this time  [  89  ] . 
Prior studies have found that gastric contents can 
be expelled to just below the UES during retching. 
This cycle continues until the end of retching. 

 



24917 Development, Anatomy, and Physiology of the Upper Esophageal Sphincter...

S L

MH

GH

TH

SH

0.1 mV 0.4 s

StH

  Fig. 17.10    Responses of superior and inferior hyoid 
muscles during swallowing. This  fi gure illustrates the 
EMG responses of the superior (MH, GH) and inferior 
(TH, SH, StH) hyoid muscles during swallowing in a 
chronically instrumented dog. These muscles are capable 
of putting anterior traction on the larynx, thereby opening 

the UES. Note that during swallowing only the superior 
hyoid muscles are activated.  S  swallowing,  L  licking,  MH  
mylohyoideus,  GH  geniohyoideus,  TH  thyrohyoideus,  SH  
sternohyoideus,  StH  sternothyroideus. From I.M. Lang. 
GI motility online; 2006; doi:10.1038/gimo12 with 
permission from Nature Publishing Group       
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  Fig. 17.11    Electromyography (EMG) responses of the 
opening and closing muscles of the UES during belching 
and swallowing activated by injection of 100 mL of air 
into the stomach of an awake and unanesthetized dog. 
Note that the only anteriorly directed UES opening mus-
cle activated during belching is the TH and the main UES 
opening muscle activated is the posteriorly directed StP. 

These muscle responses are consistent with the move-
ment of the hyoid during belching  [  87  ] .  StP  stylopharyn-
geus,  GH  geniohyoideus,  TH  thyrohyoideus,  CP  
cricopharyngeus,  ESO  esophagus 1 cm below the CP,  SH  
sternohyoideus. From I.M. Lang. GI motility online; 
2006; doi:10.1038/gimo12 with permission from Nature 
Publishing Group       
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The UES during this phase of retching involves 
all three UES muscles, i.e., cervical esophagus, 
CP, and TP.  

   Vomitus Expulsion 
 During vomitus expulsion all of the UES closing 
muscles relax, and the UES is pulled open by 
contraction of the UES opening muscle. Not only 
are both the superior, i.e., suprahyoid muscles, 
and inferior, i.e., infrahyoid muscles, anterior 
UES opening muscles activated, but also the 
posterior UES opening muscles, e.g., stylopha-
ryngeus  [  83  ] . The resultant force vector of 
simultaneous contraction of these muscles is a 

maximum anteriorly directed force which causes 
maximum opening of the UES. The primary 
UES opening muscles activated during vomitus 
expulsion are the mylohyoideus, geniohyoideus, 
sternohyoideus, and stylopharyngeus  [  83  ] . 
While the trajectory of the hyoid bone has not 
been determined during vomitus expulsion, 
based on the pattern of muscle activation the 
hyoid bone probably forms an elliptical path 
moving in the following sequence: posteriorly, 
superiorly, anteriorly, inferiorly, back to rest 
position. This movement pattern would be very 
different from that occurring during swallowing 
or belching.    
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  Fig. 17.12    Role of UES closure and opening muscles 
during the three phases of vomiting. Schematic illustration 
of typical pattern of activation of most pharyngeal, hyoid, 
and laryngeal muscles during vomiting derived from EMG 
data of chronically instrumented dogs stimulated to vomit 
by apomorphine. Note that during the preretch phase the 
tone of the CP and esophagus increase, signi fi cantly clos-
ing the UES. During retching the muscles pulling the UES 
open in a superior direction (superior hyoid muscles, HP 
and SP) are all activated in concert 180° out of phase with 
the UES opening muscles that open the UES in an inferior 
direction (inferior hyoid muscles). However, the UES does 
not open during superior movement because all of the UES 

closure muscles are activated as well. During vomiting, the 
superior and inferior hyoid and pharyngeal UES opening 
muscles are activated concomitantly with relaxation of all 
of the UES closure muscles, thereby causing maximum 
opening of the UES.  MH  mylohyoideus,  GH  geniohyoi-
deus,  TH  thyrohyoideus,  HG  hyoglossus,  HP  hyopharyn-
geus,  SP  stylopharyngeus,  TP  thyropharyngeus,  CP  
cricopharyngeus,  E#  esophagus number of centimeters 
from UES,  SH  stenohyoideus,  ST  sternothyroideus,  CT  
cricothyroideus,  TA  thyroarytenoideus,  CD  cricoarytenoi-
deus dorsalis,  DH  diaphragm hiatus. From I.M. Lang. 
GI motility online; 2006; doi:10.1038/gimo12 with 
permission from Nature Publishing Group       
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   UES Re fl exes 

   Pharyngo-UES Contractile Re fl ex 
 Stimulation of the pharynx with light touch 
increases tone in the UES  [  90  ] , and this response 
is due to activation of the TP and CP but primarily 
the CP  [  42  ] . It is unknown whether the cervical 
esophagus is involved in this re fl ex response. The 
most sensitive area of the pharynx was the hyopo-
pharynx and nasopharynx  [  42  ] . The afferent limb 
of this re fl ex is the GPN and the efferent limb is 
the pharyngeal branch of the vagus nerve  [  42  ] . 
This re fl ex may function to prevent air insuf fl ation 
of the esophagus during strong inspiration as this 
re fl ex can be activated by air puffs and is strongest 
closest to the nasopharynx  [  90  ] .  

   Esophago-UES Contractile Re fl ex 
 The slow distension of the esophagus causes an 
increase in tone of the UES or CP  [  41,   87,   91, 
  92  ] , and this re fl ex involves all three UES mus-
cles: CP, TP, and cervical esophagus, but primar-
ily the CP. This re fl ex can be activated at all levels 
of the esophagus but is most sensitive near the 
UES  [  91  ] , and the receptors for this re fl ex are 
probably slowly adapting muscular mechanore-
ceptors  [  41  ] . This re fl ex is stimulated not only by 
distension, but also by contraction of the esopha-
geal wall and it is strongly activated by the propa-
gating esophageal peristalsis  [  41  ] . The role of 
intraluminal acid in activating this re fl ex is equiv-
ocal as results have been contradictory  [  91,   93, 
  94  ] . The afferent limb of this re fl ex is complex. 
The afferent route from the thoracic esophagus 
are the vagus nerves  [  41,   68,   70  ] , from the distal 
cervical esophagus are the caudally directed 
 fi bers of the RLNs  [  87  ] , and from the proximal 
portion of the cervical esophagus are the rostrally 
directed  fi bers of the RLNs  [  29,   87  ] . It has been 
hypothesized  [  87  ]  that these rostrally directed 
 fi bers connect to the nodose ganglia via the SLNs. 
The efferent limb of this re fl ex is the motor nerve 
of the cricopharyngeus which is the pharyngoe-
sophageal branch of the vagus nerve in most ani-
mals  [  41  ]  and possibly the RLN in humans. This 
re fl ex probably functions to prevent re fl ux of a 

bolus during its abroad propagation during 
esophageal peristalsis.  

   Esophago-UES Relaxation Re fl ex 
 The rapid distension of the esophagus causes 
relaxation of the UES  [  41,   84–  86,   91  ]  that 
involves the relaxation of the CP  [  41,   63,   86  ]  and 
also probably the TP  [  41,   86  ] . This re fl ex is prob-
ably part of the belch response as it is activated 
by the same stimuli, and the pharyngeal and 
laryngeal motor responses that accompany this 
re fl ex are identical to those activated during 
belching as discussed previously  [  41  ] . In addi-
tion, spontaneous gastro-esophageal re fl ux epi-
sodes that cause esophageal common cavity or 
rapid increases in esophageal pressure are often 
associated with relaxation of the UES in what has 
been termed “microburps”  [  95  ] . The receptors 
for this re fl ex are probably rapidly adapting 
mucosal mechanoreceptors and the afferent limb 
of this re fl ex is the vagus nerve  [  41  ] .  

   Vestibulo-UES Contractile Re fl ex 
 The UES tone changes greatly with change in 
head position and this tone change is due to acti-
vation of both the TP and CP, but primarily the 
CP  [  75,   78  ] . It is likely that this re fl ex is due to 
activation of the vestibular apparatus and may 
function to prevent pharyngeal re fl ux of esopha-
geal contents when gravity is against the direc-
tion of peristalsis.  

   Lung-UES Contractile Re fl ex 
 The distension of the lungs above tidal volume or 
the rapid de fl ation of the lungs causes an increase 
in tone of the UES that is probably mediated by 
contraction of the TP and CP but primarily the CP 
 [  88  ] . The receptors for this re fl ex are probably 
rapidly adapting lung in fl ation receptors and the 
afferent limb of this re fl ex is the vagus nerve  [  96  ] . 
This re fl ex may be partly responsible for the respi-
ratory rhythm that is often found on the UES  [  75, 
  78  ] , and this re fl ex may function to prevent esoph-
ageal insuf fl ation during deep inspirations. This 
re fl ex may also be partly responsible for the increase 
in UES pressure observed during phonation  [  97  ] .    
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   Development 

 The development of the UES and its functions 
has only recently been studied in humans, but the 
earliest age of development examined was 
33 weeks postmenstrual age (PMA). The UES at 
33 weeks PMA functions as in adulthood except 
that the speci fi c parameters differ  [  98  ] . At 
33 weeks PMA the UES of humans has a basal 
tone of 17 ± 7 mmHg which increases to 26 ± 14 
at full term which is about one-half the adult level 
 [  98,   99  ] . On the other hand, the duration of the 
relaxation is about 2 s at 33 weeks PMA and at 
full term and this is about twice that of the adult 
 [  98  ] . In addition, the 33 weeks PMA infant has a 
functioning esophago-UES contractile re fl ex 
 [  98–  101  ]  as well as a pharyngo-UES contractile 
re fl ex  [  100  ] . The sensitivity of the esophago-UES 
contractile re fl ex increases from 33 to 36 weeks 
PMA  [  101  ] . Other UES functions have not been 
examined to date; however, the UES seems to be 
fully developed by at least 33 weeks PMA.      
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  Abstract 

 Deglutitive pressure phenomena within the pharynx is generated by the 
contraction of pharyngeal constrictors, velum and posterior thrust of the 
tongue base. Due to axial as well as radial asymmetry, swallow induced 
pharyngeal pressure at any location varies depending on the radial direc-
tions and distance relative to the upper esophageal sphincter. With the 
recent availability of circumferential recording devices such those used in 
high resolution manometry, it is now possible to record average pressure 
at any location within the pharynx and overcome the radial asymmetry. 
The inherent shortening of the pharynx and the associated oral movement 
of the upper esophageal sphincter during swallowing poses a signi fi cant 
technical challenge in recognizing manometrically where the pharynx 
ends and where the UES begins. From a clinical perspective, however con-
current high resolution pharyngo-UES manometry can help ascertain pha-
ryngeal peristalsis and its coordination with the UES relaxation, duration 
of UES relaxation and its coordination with pharyngeal peristalsis, hypo-
pharyngeal intrabolus pressure.

Both UES resting pressure and its deglutitive manometric relaxation 
are multifactorial. UES resting high pressure zone is induced by cori-
copharyngeous muscle (main component), distal inferior pharyngeal 
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constrictor and the most proximal part of the striated esophagus.  
Manometric UES relaxation observed during swallowing is induced by a) 
loss of tone of the UES muscles mainly cricopharyngeous and b) opening 
of the UES by the traction forces generated by the contraction of suprahyoid 
UES opening muscles. Distinguishing between these two effects based on 
manometric recording is virtually impossible, but based on earlier concur-
rent manometric, electromyographic and  fl uoroscopic recordings it seems 
that the sharp pressure decline reaching subatmospheric pressure is due to 
UES opening. Recent advances in reliable pharyngeal pressure recording, 
promises better de fi ned clinical applications which await con fi rmation by 
adequate clinical trials.  

  Keywords 

 Deglutitive pharyngeal pressure phenomena  •  UES pressure phenomena  • 
 UES high pressure zone  •  Inter-cordal pressure  •  Intra-tracheal pressure  • 
 Straining  •  Swallowing  •  Coughing  •  Phonation      

 With    the availability of reliable recording devices, 
an increased clinical and research interest has 
developed in the evaluation of pharyngeal and 
upper esophageal sphincter (UES) deglutitive 
pressure phenomena. Intraluminal manometry is 
now recognized to have the potential to provide 
important information about the physiology and 
pathophysiology of pharyngeal and UES motor 
function. 

 Three pressure events involving the oral cavity, 
glottis, and the UES occur temporally related to 
the pharyngeal pressure event during swallowing. 
Pressure events in the oral phase of swallowing 
are presented in earlier chapters. This review will 
provide basic information about intra-pharyngeal 
and UES pressure phenomena during swal-
lowing and its relationship with the kinematics 
of solid and liquid boluses. In addition, the vocal 
cord closing pressure generated during swal-
lowing as it counteracts and resists intra-bolus 
pressure, along with other known mechanisms to 
prevent aspiration, will be discussed. 

 Because of the axial asymmetry of the pharynx 
 [  1  ] , the evaluation of pharyngeal peristaltic activity 
should reference recording sites to the UES high 
pressure zone (HPZ). This arrangement makes it 
possible to measure the parameters of pharyngeal 
peristalsis at sites with similar distances from the 
UES and to study the effect of bolus variables 

such as volume, consistency, and temperature on 
pharyngeal peristalsis at comparable distances 
from the UES. Studying comparable sites in 
regard to their distance from the UES is also 
essential for reliable inter-group and inter-study 
comparisons. 

 The major  fi nding of studies recording pha-
ryngeal pressure phenomena is that in healthy 
young individuals the amplitude of the pharyngeal 
pressure wave increases precipitously while its 
duration decreases progressively as the wave 
travels from the proximal to the distal pharynx 
reaching maximum amplitude with the shortest 
duration in the hypopharynx  [  2  ] . These studies 
also show that the entire pharynx remains con-
tracted until the hypo-pharyngeal pressure wave 
progresses into the UES. Among factors that may 
in fl uence pharyngeal peristalsis, the effects of 
aging, bolus variables, and subject position have 
been well studied. 

 The major differences found between young 
and elderly, over the age of 70, were in the hypo-
pharynx. The peristaltic pressure wave amplitude 
and duration were signi fi cantly greater in elderly 
compared with young healthy volunteers 
(Fig.  18.1 ) (Table  18.1 ,  p  < 0.05)  [  2  ] . In addition, 
with regard to the duration of the pharyngeal 
peristaltic pressure wave, the pattern of precipi-
tous aboral decrease in duration (seen in the 
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  Fig. 18.1    Comparison of hypopharyngeal pressure wave 
amplitude ( a ) and duration ( b ) between young and elderly 
volunteers. For all tested boluses, hypopharyngeal pres-
sure wave duration in the elderly was signi fi cantly longer 
than that of the young (* p  < 0.01). However, whereas 
hypopharyngeal pressure wave amplitude in the elderly 
during swallowing of 0–20 ml of water was signi fi cantly 
greater than that of the young (* p  < 0.01), these differ-
ences did not reach statistical signi fi cance for mashed 
potato swallows. From R. Shaker et al. Am J Physiol 
1993;264:G427–32 with permission       

young) is reported to be altered in the elderly, and 
the duration of the peristaltic pressure wave in 
the elderly at the hypopharynx is longer com-
pared to more proximal sites (Fig.  18.2 ).    

 It is speculated that these changes in duration 
and amplitude of hypopharyngeal peristalsis with 
age are compensatory responses to the reduced 
cross-sectional area of the deglutitive UES open-
ing  [  2,   3  ] , causing an increase in out fl ow resis-
tance. This is supported by the  fi nding of 
increased intra-bolus pressure, a reliable indica-
tor of resistance to the  fl ow, in the hypo-pharynx 
of elderly subjects. In addition, in both young 
and elderly, the intra-bolus pressure in the supine 
position has been reported to be signi fi cantly 
higher compared with the upright position 
( p  < 0.05), which bene fi ts from the effect of 

gravity. These studies also show that although in 
both the young and elderly, bolus volume and 
temperature do not alter the parameters of the 
peristaltic pressure wave, swallowing of materials 
with higher consistency such as mashed potato 
signi fi cantly increases its amplitude and duration. 

 These  fi ndings suggest the existence of a con-
sistency, but not volume, responsive modulatory 
mechanism between the pharynx and the brain-
stem. This is consistent with the effect of mashed 
potato on lingual peristalsis, reported earlier  [  4  ] . 
An interesting  fi nding is that the amplitude of the 
hypopharyngeal peristaltic pressure wave during 
swallowing of mashed potato was found to be 
similar between the young and the elderly, 
whereas for dry and water swallows, it was 
signi fi cantly greater in the elderly. An explana-
tion for this phenomenon could be that in the 
elderly, the peristaltic amplitude had already 
approached its maximum physiological limit for 
water swallows, and further increase with mashed 
potato swallows was not possible. 

 Correlation of the pharyngeal and UES pres-
sure phenomena with the kinematics of a barium 
pellet as well as liquid barium has revealed inter-
esting  fi ndings in healthy young individuals  [  5  ] . 
During each swallow, the velocity of the pellets 
varied as they traversed the pharynx, UES, and 
proximal esophagus. The velocity variability was 
location-dependent. There were two distinct 
zones of increasing velocity: over the tongue base 
and at the pharyngo-UES. These studies also 
have shown an in fl uence of age on this relation-
ship  [  6  ] . The average velocity of the pellet tra-
versing the dorsum of the tongue averaged 18.4 
(±1.3) and 17.2 (±3.1) cm/s for the young and 
elderly subjects, respectively. This velocity 
increased to 39.5 (±3.1) and 32.1 (±3.1) cm/s in 
the young and elderly subjects, respectively, 
while the pellet traversed the base of the tongue 
to the level of the inverted epiglottis (supraglottic 
region). During this time, the larynx had reached 
its maximum elevation and the epiglottis had 
assumed its horizontal orientation. The pellet 
velocity decreased signi fi cantly to 8.9 (±3.1) and 
13.2 (±3.7) cm/s in the young and elderly sub-
jects, respectively, while it traversed the area 
between the tip of the horizontal epiglottis and 
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the posterior pharyngeal wall (pharyngo-epiglot-
tic space). After the pellet passed this area, its 
velocity increased to an average of 31.8 
(±2.4) cm/s in the young subjects ( p  < 0.05) but 
remained at 13.2 (±1.7) cm/s in the elderly sub-
jects while it passed through the pharyngo-UES 

area to enter the proximal esophagus. After the 
pellet entered the esophagus, its velocity 
decreased to 11.8 (±1.2) and 10.7 (±3.0) cm/s in 
the young and elderly subjects, respectively 
( p  < 0.05 and  p  = not signi fi cant, respectively). 

 In these studies analysis of the concurrent 
manometric and video fl uoroscopic recordings 
showed that, in both young and elderly groups, 
the pellet traveled ahead of the peristaltic pres-
sure wave and the acceleration of the barium pel-
let was associated with incrementally decreasing 
pressure distal to the location of the pellet in the 
hypopharynx and across the UES. As the pellet 
passed each manometric recording site, the con-
current pressure at each site distal to it showed a 
progressive decline (Fig.  18.3 ).  

 For liquid boluses, the kinematic and dynamic 
characteristics of the bolus head were signi fi cantly 
different from those of the bolus tail. As with the 
pellet swallows, there was an incrementally 
decreasing pressure distribution distal to the bolus 
head. The temporal and spatial pressure distribu-
tions in the regions distal to the head of the barium 
bolus were similar to those for pellet swallows. 
The forces related to bolus tail kinematics were 
associated with the peristaltic pressure wave. 
Comparison of peristaltic pressure wave velocity, 
measured manometrically, and bolus tail speed, 
measured  fl uoroscopically, showed that the two 
phenomena were virtually identical: 11.0 (±0.3) 
and 10.9 (±0.3) cm/s, respectively, in the elderly 
subjects and 10.5 (±0.5) and 10.6 (±0.5) cm/s, 
respectively, in the young subjects. 

 Furthermore, analysis of the concurrent mano-
metric and  fl uoroscopic recordings showed that 
the upstroke of the peristaltic pressure wave was 

   Table 18.1    Effect of Aging and position on intrabolus pressure (mmHg) in hypopharynx   

 Bolus 
variables 

 WS 
5 
  WS 

10 
  WS 

20 
  MP 

5 
  MP 

10 
 

 Young  Elderly  Young  Elderly  Young  Elderly  Young  Elderly  Young  Elderly 

 Upright  4.8 ± 1.4  8.5 ± 5 *   5.7 ± 1.3  11.2 ± 3.2 *   7.7 ± 1.3  14.4 ± 3.9 *   10.4 ± 2.4  18.8 ± 
 2.9 

 16.8 ± 
 3.1 

 34.5 ± 
 6.7 *  

 Supine  13.3 ± 2.1 †   19.7 ± 
 1.5 *,†  

 17.6 ± 
 1.7 *,†  

 21.2 ± 3.3 *,†   Not tested  17.0 ± 3.0 †   29.0 ± 
 4.2 *,†  

 23.6 ± 
 3.8 †  

 42.8 ± 
 7.6 *,†  

  Values are means ± SE;  n  = 14young and 12 elderly volunteers.  P  < 0.05 in *elderly volunteers compared with young 
and in †supine position compared to upright. WS 

5 
: 5 mL water swallow, WS 

10 
: 10 mL water swallow, WS 

20 
: 20 mL 

water swallow, MP 
5 
: 5 mL mash potato swallow, MP 

10 
: 10 mL mash potato swallow. From R. Shaker, et al. Am J 

Physiol. 1993;264:G427–32 with permission  

  Fig. 18.2    Effect of volume and age on duration of pha-
ryngeal peristaltic pressure wave. Although in the young 
( a ) duration of peristaltic pressure wave showed precipi-
tous aboral decrease from sites PI to P4 ( p  < 0.01), in the 
elderly ( b ) this aboral decrease was interrupted at site P4, 
at which duration increased signi fi cantly instead of further 
decrease and became similar to site P2. Between-group 
comparison showed that in the elderly, duration of pha-
ryngeal peristaltic for tested volumes at site P4 was 
signi fi cantly greater than that of the young ( p  < 0.01). 
From R. Shaker et al. Am J Physiol 1993;264:G427–32 
with permission       
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always associated, both temporally and spatially, 
with the tail of the barium bolus. In addition, anal-
ysis of concurrent manometric and  fl uoroscopic 
recordings identi fi ed three different zones in rela-
tion to the position of the bolus: (1) the peristaltic 
zone, located behind the bolus, (2) the bolus zone, 
occupied by the bolus, and (3) the pre-bolus 
zone, located ahead of the bolus. In the peristaltic 
zone, the lumen is occluded by muscular contrac-
tion and exhibited positive maximum pressure 
averaging 178 (±16) and 133 (±11) mmHg in the 
elderly and young subjects, respectively. The 
bolus zone is the unclosed luminal region that is 
occupied by the bolus and re fl ects the intra-bolus 
pressure. The pre-bolus zone, i.e., the region 
immediately distal to the position of the bolus, 
exhibited a progressive decline in pressure across 
the pharyngo-esophageal junction, for which 

sub-atmospheric pressures were commonly 
recorded as described above (Fig.  18.4 ).  

 Two signi fi cant differences between the 
elderly and young subjects have been revealed in 
regard to solid and liquid bolus kinematics and 
dynamics: (1) Young individuals have two zones 
of bolus acceleration in the pharynx, where in 
elderly the distal acceleration zone just above the 
UES is absent. (2) The downhill trans-sphincteric 
pressure gradient had a signi fi cantly higher nadir 
level in the elderly than in the young subjects. 
The presence of a decreasing pressure gradient 
throughout the pharyngo-esophageal segment 
ahead of the swallowed bolus has been previously 
reported in young healthy individuals  [  5  ] . 
Subsequent studies demonstrated the presence of 
similar gradients in intra-bolus pressure as liquid 
boluses traverse this segment  [  7  ] . 

  Fig. 18.3    Trans-sphincteric    pressure gradient during pel-
let swallows in elderly and young subjects and average 
pressure gradient for each subject and grand average for 
each age group. Pressure values were evaluated at each 
manometric site at the instant the pellet was just above the 

most proximal pressure recording site. Nadir pressure and 
overall pressure gradient are higher in elderly than in 
young subjects. From E. Bardan et al. Am J Physiol 
Gastrointest Liver Physiol 2006;290:G458–465 with 
permission       
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   UES High Pressure Zone 

 The length of the UES HPZ in young health vol-
unteers has been reported to average 3 cm 
(2.9 ± 0.1 cm posterior; 3.1 ± 0.2 cm anterior). 
This length is signi fi cantly longer than that of 
the elderly (2.1 ± 0.7 cm posterior; 1.9 ± 0.1 cm 
 anterior) ( p  < 0.01). Resting UES pressure in the 
young (62 ± 7 mmHg) is also signi fi cantly higher 
than that of the elderly (42 ± 5 mmHg) ( p  < 0.05). 
Interestingly, the length of the lower esophageal 
sphincter HPZ is similar in the young (21 ± 0.4 cm) 

and elderly (21 ± 0.2 cm)  [  8  ] . (For detailed dis-
cussion of UES relaxation and opening during 
swallowing refer to Chap.   37    .) 

 It is noteworthy that aging affects the UES and 
LES differently, with regard to resting pressure 
and length. These  fi ndings suggest aging weakens 
the UES, but has no signi fi cant effect on the LES. 
The differences observed in these studies add to 
the list of previously reported signi fi cant reduc-
tion in biomechanical events with aging, such as 
anterior laryngeal excursion and UES opening. 

 Radial asymmetry of the UES HPZ is an 
accepted notion based on manometric studies 

  Fig. 18.4    Composite time history of average solid and liq-
uid bolus head and tail kinematics in elderly and young 
subjects. Primary kinematic difference between the two age 
groups is the latter period of pellet and bolus head accelera-
tion (at ~1.5 s), when young swallows are characterized by 

a substantial period of acceleration, but elderly swallows do 
not show the same pronounced increase in the velocity. 
From E. Bardan et al. Am J Physiol Gastrointest Liver 
Physiol 2006;290:G458–465 with permission       
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pro fi ling the resting pressure phenomenon within 
the UES  [  9–  11  ] . Pressures are found to be lower 
in the lateral orientation compared with antero-
posterior pressures due to differences in anatomy 
of the UES  [  11  ] . This  fi nding however has been 
reevaluated recently and the in fl uence of diame-
ter and shape of recording device has been docu-
mented  [  12  ] . 

 UES pressure measurement historically has 
been modeled after that of the lower esophageal 
sphincter  [  12  ]  and as such, a cylindrical catheter 
has been used for de fi ning its radial and axial 
pressure pro fi le. However, UES anatomical 
con fi guration is quite different from that of the 
LES. Different con fi gurations of pressure mea-
surement in fl uence the pressures measured due to 
the elliptical con fi guration of the UES. 

 The effect of catheter diameter and con fi gura-
tion on the measured pressures within the UES 
has been determined by comparing the pressure 
pro fi le of the UES obtained using a round catheter 
assembly with an outer diameter of 4.8 mm, com-
monly used for manometric studies, to those 
obtained using a  fl at ribbon-shaped catheter 
assembly (4.8 × 1.2 mm) that conformed to the 
anatomy of the UES. In addition, comparisons 
have been made between the UES pressure pro fi le 
in healthy elderly and young subjects. The round 
catheter assembly measured pressures that were 
signi fi cantly greater anteriorly and posteriorly 
compared with pressures recorded from lateral 
directions. This radial asymmetry was not found 
in the UES pressure pro fi le when the smaller 
diameter conforming catheter assembly was used 
for measurement. The absence of radial asymme-
try was due to a signi fi cant decrease in the anteri-
orly and posteriorly recorded pressures within the 
UES resulting in similarity of anteriorly, posteri-
orly, and laterally oriented pressures  [  12  ] . 

 The effect of catheter diameter on UES pres-
sure has been investigated previously  [  13–  15  ]  
and    has shown a direct relationship between the 
diameter of the recording catheter and the mag-
nitude of UES pressure, a phenomenon attrib-
uted to the length–tension characteristic of the 
UES muscles. These  fi ndings lead to the follow-
ing conclusions in regard to UES pressure asym-
metry: (1) The magnitude of measured UES 

anterior/posterior pressure is directly related to 
the diameter of the measuring device and as such 
may not re fl ect the normal physiological tone of 
the sphincter. (2) An exaggerated anteriorly and 
posteriorly oriented pressure may be recorded 
compared with lateral pressures depending on 
the diameter and nonconforming shape of the 
recording catheter with respect to the UES pro-
ducing the appearance of radial asymmetry in 
the UES HPZ. Use of catheter devices, such as 
high-resolution manometry which averages the 
circumferentially recorded pressures, may over-
estimate the UES pressure depending on their 
diameter.  

   Vocal Cord Closure Pressure During 
Volitional Swallow and Other 
Voluntary Tasks 

 Closure of the vocal cords is an integral part of 
various functions involving the aerodigestive 
tract including swallowing  [  16  ] , coughing  [  17,   18  ] , 
straining, Valsalva maneuver  [  19  ] , belching  [  20  ] , 
and several airway protective re fl exes such as 
esophagoglottal closure  [  21  ] , pharyngoglottal 
closure  [  22,   23  ] , and intrinsic laryngeal adductor 
re fl exes. Whereas the duration of vocal cord clo-
sure during the events can be measured by direct 
videoendoscopic techniques, the closure pressure 
that the cords generate during the above func-
tions and whether this closure pressure varies 
depending on the performed function were not 
known until videoendoscopic and manometric 
techniques were combined  [  16,   19–  21  ] . 

 This study, using concurrent videoendoscopy 
and manometry, measured the vocal cord closure 
pressure and its corresponding intra-tracheal 
pressure during several physiological events such 
as swallowing, coughing, straining, and phona-
tion  [  24  ] . An example of vocal cord closure pres-
sure during a dry swallow is shown in Fig.  18.5 . 
As seen in this swallow the vocal cord closure 
pressure reached 220 mmHg and was associated 
with a biphasic pressure wave in the trachea. The 
original sub-atmospheric pressure of about 
4 mmHg was followed by a positive pressure of 
6 mmHg in the trachea.  



264 E.A. Samuel and R. Shaker

 Comparison of inter-cordal and intra-tracheal 
pressure during straining, swallowing, coughing, 
and phonation showed that inter-cordal pressure 
during straining, coughing, and swallowing was 

signi fi cantly higher than that of phonation 
(* p  < 0.05). Straining produced pressures 
signi fi cantly higher than coughing (# p  < 0.05). 
Intra-tracheal pressure during coughing induced 

  Fig. 18.5    An example of vocal cord closing pressure dur-
ing a dry swallow. ( a ,  b ) Still frame from videoendoscopic 
recording of glottal manometry during dry swallow. ( a ) 
Vocal cords immediately prior to the onset of their adduc-
tion; ( b ) complete closure of the vocal cords just prior to 

laryngeal elevation. Manometric catheter is seen at the 
right lower corner of the image. ( c ) Vocal cords and tra-
cheal pressure during maximum deglutitive closure of 
the cords, just prior to laryngeal elevation. From R. Shaker 
et al. Dysphagia 2002;17:13–18 with permission       
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pressure signi fi cantly higher than all other studied 
events ( D  p  < 0.05). Intra-tracheal pressure during 
straining was signi fi cantly higher than those of pho-
nation and swallowing ( D  D  p  < 0.01). For all studied 
events, inter-cordal pressures were signi fi cantly 
higher than intra-tracheal pressures (Fig.  18.6 ).  

 These studies demonstrate that, the vocal 
cords generate closure pressures that vary depend-
ing on the performed function, i.e., the vocal cord 
pressure is not stereotyped for all functions. Vocal 
cord closure pressures are signi fi cantly higher 
than those of the intra-tracheal pressures during 
various tasks such as coughing, straining, swal-
lowing, and phonation. Considering the fact that 
the hypo-pharyngeal intra-bolus pressures for 
crystalloid and semi-solid bolus (mashed potato) 
in healthy young and elderly, in supine and 
upright positions, have been reported to range 
between 5 and 43 mmHg  [  2,   25  ] , the pressures 
generated by vocal closures provide a strong bar-
rier against penetration of the swallowed material 
into trachea. 

 In summary, the evaluation of pharyngeal 
pressure phenomena continues to be a powerful 
research modality. Application of this modality 
to clinical practice has come of age and can offer 
useful information in selected conditions. In this 
regard not only evaluation of peristaltic pressure 
wave, but also the magnitude of intrabolus pres-
sure in the hypopharynx should be performed. 
While the information on peristalsis can be help-
ful in terms of pathophysiology of incomplete 
pharyngeal bolus clearance, the data on intra-
bolus pressure provide important insight into 
pharyngeal out fl ow resistance induced by abnor-
malities of UES opening. This technique can pro-
vide important information on coordination of 
pharyngeal peristaltic wave and UES deglutitive 
relaxation and postrelaxation contraction, which 
can be helpful in the explanation of some cases of 
dysphagia and incomplete pharyngeal clearance. 
In addition, newer recording devices measuring 
pressure and impedance along with state-of-the-
art analysis techniques have recently been intro-
duced with potential to predict aspiration in 
at-risk individuals  [  26,   27  ] .      
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  Abstract 

 Esophageal embryonic development and anatomic features play an impor-
tant role in both normal function and common pathology of the esophagus. 
The embryonic endoderm provides the scaffolding for the future esopha-
gus, which will ultimately connect the pharynx to the stomach. The devel-
oped esophagus has close anatomic relationships with the cervical spine, 
thoracic aorta, left atrium, and diagphragmatic haitus—relationships asso-
ciated with esophageal pathology. Esophageal musculature is composed 
of an external layer of longitudinal  fi bers and an internal layer of circular 
 fi bers which provide peristaltic force; the back fl ow of food and acidic gas-
tric contents is prevented at the level of two high-pressure regions: the 
upper and the lower esophageal sphincters. Microscopically, the esopha-
geal wall is composed of four layers: internal mucosa, submucosa, muscu-
laris propria, and adventitia.  The esophagus has a segmental arterial 
supply without dedicated vasculature. Venous drainage is notable for being 
a portal-caval connection susceptible to portal hypertension.  Esophageal 
innervation occurs via the sympathetic and parasympathetic nervous 
systems, as well as the intrinsic enteric nervous system.  

  Keywords 

 Esophagus  •  Esophageal Embryology  •  Muscular Layers  •  Mucosa  
•  Muscularis Propria  •  Adventitia  •  Sympathetic System          
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   Esophageal Embryology 
and Development 

 The  fi rst stages of life are divided into the embry-
onic and fetal periods. The embryonic period 
extends from fertilization to week 9. The fetal 
period lasts from the end of the week 9 to birth. 
From days 0 to 14, the human embryo develops 
into a bilaminar disk of ectoderm and endoderm, 
with the endoderm forming the lining of the yolk 
sac. The endoderm is the scaffold for the future 
digestive tract. The ectoderm gives rise to epider-
mis and neural plates. Through the neurulation 
process, the neural plates evolve to neural tube 
and neural crest cells. The neural tube is the pre-
cursor for the spinal cord and brain. The neural 
crest cells, placed between the dorsal neural tube 
and the overlying epidermis, migrate out to form 
the peripheral nervous system by week 4. On day 
15, the third embryonic layer, the mesoderm, 
appears and provides the substrate for the con-
nective tissue, angioblasts, smooth muscle, and 
serosal layers of the gut. By day 21, the meso-
derm is thickened and forms longitudinal masses 
called the paraxial mesoderm. By day 28, the 
paraxial mesoderm fragments develop progres-
sively from cranial to caudal into cubes of tissue 
called somites. This process ends with the forma-
tion of 33–35 somites by day 31 of embryo devel-
opment  [  1  ] . 

 Mesoderm proliferation and segmentation, 
which takes place between the endoderm and 
ectoderm, induces numerous transformations in 
the endoderm  [  2  ] . At the same time, the human 
embryo elongates craniocaudally and folds lat-
erally. The dorsal part of the yolk sac, composed 
of endoderm, is compressed by the lateral fold-
ing of the embryo and is incorporated as a rim 
during the fourth week. Thus the human embryo 
becomes a “body cylinder” dividing the yolk sac 
into intraembryonic and extraembryonic parts 
 [  3  ] . The intraembryonic part is the origin of 
digestive tube and its accessory glands. The 
extraembryonic part regresses and disappears 
around week 12. At this point, the early diges-
tive system divides into foregut, midgut, and 
hindgut. 

 Gut development takes place in four major 
patterned axes: anterior–posterior, dorsal–ventral, 
left–right, and craniocaudal. Each axis develop-
ment is based on the epithelial–mesenchymal 
interactions mediated by speci fi c molecular path-
ways  [  4  ] . Thus, growth factors such as Wnt5a 
(expressed by mesoderm), endodermal proteins 
Six2/Sox2, as well as Hoxa-2, Hoxa-3, and 
Hoxb-4 control esophageal development in the 
anterior–posterior axis  [  5  ] . These factors affect 
both the esophageal environment and the neural 
crest cells by making the environment more per-
missive for neural crest cells and by preparing the 
neural crest cells to migrate within the esophagus 
 [  4,   5  ]  (Fig.  19.1 ).  

 During week 4, the foregut develops a small 
diverticulum on its ventral surface adjacent to the 
pharyngeal gut. This tracheobronchial diverticu-
lum subsequently elongates and separates gradu-
ally from the dorsal foregut through the formation 
of the esophagotracheal septum to become the 
primitive respiratory tract. 

 The remaining part of the foregut rapidly 
 elongates with the craniocaudal growth of the 
embryonic body. In the seventh and eighth weeks, 
the luminal epithelium proliferates and almost 
completely occludes the foregut with only residual 
channels persisting. Unlike other species, com-
plete occlusion of the foregut has not been observed 
in human embryos  [  6  ] . By week 10, new vacuoles 
appear in the luminal cells of the foregut and 
coalesce to form a single esophageal lumen with a 
super fi cial layer of ciliated epithelial cells  [  1  ] . 

  Fig. 19.1    Drawing of median section of the embryo 
showing the early digestive system. The primordial gut is 
a long tube extending the length of the embryo       
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 During the fourth month, a strati fi ed squamous 
epithelium begins to replace the ciliated epithe-
lium, a process that continues until birth. Residual 
islands of ciliated epithelium at the proximal and 
distal ends of the esophagus remain and give rise to 
esophageal glands  [  1  ] . Thus the primitive foregut 
endoderm is the origin for both the future esopha-
geal epithelium and submucosal glands. During 
week 6 of gestation, the circular muscle coat and 
ganglion cells of the myenteric plexus form. During 
week 7, blood vessels enter the submucosa. 

 The smooth muscle of the lower esophagus 
and the lower esophageal sphincter (LES) are 
derived from the mesenchyme of the somites 
 surrounding the foregut. The striated muscle 
forming the muscularis propria of the upper part 
of the esophagus and the upper esophageal 
sphincter (UES) is derived from mesenchyme of 
the branchial arches 4, 5, and 6. This origin 
explains the UES innervation by the vagus nerve 
(the branchial arch 5 nerve) and by the recurrent 
laryngeal nerve (a branch of the vagus nerve, the 
branchial arch 6 nerve). The embryologic origin 
of the gastroesophageal (GE) junction is still 
 controversial, but gastric rotation together with 
augmentation of the fundus of the stomach is 
believed to determine its formation  [  7  ] . 

 The middle third of esophagus consists of a 
mixture of smooth and skeletal muscle. The 
 origin of this mixture is controversial, with 
somites and endoderm in fl uencing each other by 
molecular mechanisms  [  4  ] . It was suggested that 
esophageal striated muscle arises from the smooth 
muscle by a process of transdifferentiation; how-
ever, it appears that the two muscle types may 
arise from two distinct differentiation pathways. 
When de fi nitive endoderm was co-cultured with 
somitic mesoderm, it stimulated more smooth 
muscle development than skeletal muscle from 
the mesenchymal somitic cells  [  8  ] . 

 The smooth muscle differentiation begins 
after the neural crest cells colonize the gut and 
maturates on the rostrocaudal axis  [  9  ] . Whether 
the circular muscle layer precedes or appears at 
the same time as the longitudinal muscle layer is 
still controversial, but both layers have been 
reported to mature into a rostrocaudal axis by 
week 9  [  9,   10  ] . 

 At the beginning of week 4, the neural crest 
cells enter the foregut and migrate rostrocaudally 
to reach the terminal hindgut by week 7 and give 
rise to the myenteric plexus  [  10  ] . By week 6, the 
neural crest cells migrate centripetally through 
the circular muscle layer, giving rise to submu-
cosal plexus. 

 Interstitial cells of Cajal (ICC) emerge from 
gut mesenchyme around week 9. By week 14, 
the ICCs form a network surrounding the myen-
teric plexus  [  9,   10  ] . The ICCs are gut-pacemakers 
crucial to the generation of slow wave contrac-
tions and to neural transmission within the gut. 
The ICCs form after the differentiation of 
smooth muscle layers. Whether ICC differentia-
tion requires neural crest cells has not been 
clearly established yet, and some recent studies 
identi fi ed ICC in the absence of neural crest cells 
 [  9,   11,   12  ] . 

 The development of concentric layers of 
smooth muscle, ICCs, and neural crest cells (as 
precursors of the enteric nervous system) is a 
coordinated process, controlled by numerous 
genes and signaling molecules including tran-
scription factors (e.g., Phox2b, Sox10, Pax3, 
Mash1), components of the RET (RET proto-
oncogene) and ET(Endothelin)-3/EDNRB 
(endothelin receptor type B) signaling pathways, 
secreted proteins [Hedgehog, BMPs(bone mor-
phogenetic proteins)], neurotrophic factors (e.g., 
neurotrophin-3), and extracellular matrix (ECM) 
molecules (e.g., laminin)  [  9,   13–  16  ] . Perturbations 
in this coordinated process could result in clinical 
morbidities such as Hirschsprung’s disease, 
where the hindgut (usually colon) is devoid of 
enteric neurons and glial cells  [  17  ] . 

 The myenteric plexus has cholinesterase 
activity by week 9.5 and ganglion cells are dif-
ferentiated by week 13. Several investigators 
have suggested that the esophagus is capable of 
peristalsis in the  fi rst trimester  [  18  ] . Three differ-
ent esophageal motility patterns have been 
described in the second trimester: simultaneous 
opening of the esophageal lumen from the 
oropharynx to the LES, propulsive peristaltic 
contractions, and re fl ux from stomach into the 
esophagus  [  19  ] . Although peristaltic movements 
have been observed in ultrasound images during 
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the second trimester, at birth the propagation of 
the peristalsis along the esophagus and at the 
LES is immature, resulting in frequent regurgita-
tion of food during the newborn period. The 
pressure at the LES approaches that of the adult 
at 3–6 weeks of age  [  6  ] .  

   Anatomic Landmarks 

 The esophagus is a  fl attened muscular tube of 
18–26 cm in length, from the upper sphincter to 
the lower sphincter, connecting the pharynx to 
the stomach (Fig.  19.2 ). The esophagus starts at 

approximately 18 cm from the incisors at the 
pharyngoesophageal junction  [  20  ]  (C5–6 verte-
bral interspace at the inferior border of the cri-
coid cartilage) and descends anteriorly to the 
vertebral column spanning the superior and then 
the posterior mediastinum. After traversing the 
diaphragm at the diaphragmatic hiatus (T10 ver-
tebral level), the esophagus extends through the 
GE junction to end at the ori fi ce of the cardia of 
the stomach (T11 vertebral level). Topographically, 
there are three distinct regions: cervical, thoracic, 
and abdominal.  

 The cervical esophagus extends from the phar-
yngoesophageal junction (C5–C6) to the 

  Fig. 19.2    Anatomic relationships between the esophagus and the organs of the mediastinum       
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suprasternal notch (T1) and is about 4–5 cm long. 
At this level, the esophagus is bordered anteriorly 
by the trachea, laterally by the carotid sheaths 
and the thyroid gland, and posteriorly by the ver-
tebral column. The close proximity of the verte-
bral column to the esophagus can create a unique 
type of anatomical dysphagia with aspiration 
events, where cervical osteophytes—either in 
isolation or as part of a systemic disease 
(Forestier’s disease)—impinge upon the pharynx 
and cervical esophagus  [  21  ] . 

 The thoracic esophagus extends from the 
suprasternal notch (T1) to the diaphragmatic hia-
tus (T10), passing posterior to the trachea, the tra-
cheal bifurcation (T4), and the left main stem 
bronchus. The esophagus lies posterior and to the 
right of the aortic arch at the T4 vertebral level. 
From the level of T8 until the diaphragmatic hia-
tus, the esophagus lies anteriorly and medial to 
the aorta  [  22  ] . The lower part of the thoracic 
esophagus runs anteriorly to the left atrium, which 
is the most posterior among all four chambers of 
the heart (Fig.  19.3 ). This anatomical location can 
have important clinical consequences in the set-
ting of mitral stenosis, where the esophagus may 
be obstructed resulting in dysphagia in advanced 

stages of mitral stenosis. The dilation of the left 
atrium in mitral stenosis can be seen on the bar-
ium series as an impression on the esophagus. The 
esophagus also runs between the aorta and the left 
main bronchus in this region, creating the poten-
tial for broncho-aortic constriction known also as 
thoracic constriction. This is a common area for 
pill-induced esophagitis and strictures.  

 The thoracic esophagus lies within a de fi ned 
fascial compartment, allowing infections from 
the anterior esophageal wall to spread easily 
through the peritracheal space down to the peri-
cardium. Noninstrumental or spontaneous perfo-
ration of the esophagus (Boerhaave’s syndrome) 
can lead to necrotizing mediastinitis with rapid 
and disastrous dissemination of the infection and 
high mortality  [  23  ] . 

 The abdominal esophagus is very short and 
extends from the diaphragmatic hiatus (T10) to the 
ori fi ce of the cardia of the stomach (T11). The 
base of the esophagus transitions into the cardia 
sphincter of the stomach, forming a truncated cone 
of around 1 cm length. The abdominal esophagus 
lies in the esophageal groove on the posterior 
 surface of the left lobe of the liver. The anatomic 
relation of the esophagus with the diaphragmatic 

  Fig. 19.3    The close relationship between the esophagus and the left atrium (LA)       

 



274 K. Staller and B. Kuo

hiatus is also clinically important (Fig.  19.4 ). With 
advancing age, the phreno-esophageal membrane, 
which has an anchoring role at the distal part of the 
esophagus, loses its elasticity because the elastic 
 fi bers in its structure are replaced by inelastic col-
lagenous  fi brous elements  [  23  ] . The loss of elastic-
ity in conjunction with a wide diaphragmatic 
hiatus results in herniation of the GE junction and 
of the cardia into the thorax—a hiatal hernia.  

 In the resting state, the esophagus is collapsed 
in the upper and middle parts and rounded in the 
lower portion  [  23  ] . When the alimentary bolus 
passes through, the esophagus can distend to 
approximately 2 cm in the antero-posterior axis 
and 3 cm in the left–right axis. In the course of the 
esophagus, three minor curvations are present. 
The  fi rst one, in the upper part, is from the median 
position toward the medial left. At the level of the 
T7, the esophagus shifts slightly to the right of the 
spine. The third angulation and the most impor-
tant one is at the GE junction, when the esophagus 
shifts briskly to the left (Fig.  19.5 ).   

  Fig. 19.4    Relationship between the esophagus, the diaphragm, the aorta, and the spine       

  Fig. 19.5    The course of the esophagus       
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   Muscular Layers of the Esophagus 

 The muscular coat consists of an external layer 
of longitudinal  fi bers and an internal layer of 
circular  fi bers. The longitudinal  fi bers are 
arranged proximally in three fasciculi. The ven-
tral fasciculus is attached to the vertical ridge on 
the posterior surface of the lamina of the cricoid 
cartilage by the tendocricoesophageus. The two 
lateral fasciculi are continuous with the muscu-
lar  fi bers of the pharynx. The longitudinal  fi bers 
descend in the esophagus and combine to form a 
uniform layer that covers the outer surface of 
the esophagus. 

 The circular muscle layer provides the sequen-
tial peristaltic contraction that propels food 
toward the stomach. The circular  fi bers are con-
tinuous with the inferior constrictor muscle of the 
pharynx; they run transverse at the cranial and 
caudal regions of the esophagus, but oblique in 
the body of the esophagus. The internal muscular 
layer is thicker than the external muscular layer. 
Below the diaphragm, the internal circular mus-
cle layer thickens and the  fi bers become semicir-
cular and interconnected, constituting the intrinsic 
component of the LES. 

 Accessory bands of muscle connect the esoph-
agus and the left pleura to the root of the left 
bronchus and the posterior pericardium. The 
muscular  fi bers in the cranial part of the esopha-
gus consist chie fl y of striated muscle; the inter-
mediate part is mixed; and the lower part, with 
rare exceptions, contains only smooth muscle. 

 The back fl ow of food and acidic gastric con-
tents is prevented at the level of two high-pressure 
regions: the upper and the lower esophageal 
sphincters. These functional zones are located at 
the upper and lower ends of the esophagus, but 
there is not a clear anatomic demarcation of the 
limits of the sphincters. 

 The UES is a high-pressure zone situated 
between the pharynx and the cervical esophagus. 
The UES is a musculocartilaginous structure 
composed of the posterior surface of the thyroid 
and cricoid cartilage, the hyoid bone, and three 
muscles: cricopharyngeus, thyropharyngeus, and 
cervical esophagus with contribution from inferior 

pharyngeal constrictor. Each muscle plays a dif-
ferent role in UES function  [  24  ] . These three 
muscles spread upward, posteriorly, where they 
insert into the esophageal submucosa after cross-
ing the muscle bundles of the opposite side. The 
thyropharyngeus muscle is obliquely oriented, 
whereas the cricopharyngeus muscle is trans-
versely oriented. Between these two muscles, 
there is a zone of sparse musculature Killian’s tri-
angle, of high clinical signi fi cance. Because of 
the low resistance, this region is prone to develop 
a false diverticulum named Zenker’s diverticu-
lum  [  25  ] , a pulsion diverticulum formed only by 
the mucosa and submucosa. 

 The cricopharyngeus (CP) muscle is a striated 
muscle attached to the cricoid cartilage. It forms 
a C-shaped muscular band that produces maxi-
mum tension in the antero-posterior direction and 
less tension laterally  [  26  ] . Structurally and 
mechanically, the CP is different from the sur-
rounding pharyngeal and esophageal muscles. It 
is composed of a mixture of fast- and slow-twitch 
 fi bers, with the slow  fi bers being predominant 
and having a diameter of 25–35  m m  [  27  ] . The CP 
is suspended between the cricoid processes, sur-
rounds the narrowest part of pharynx, and extends 
caudally where it blends with the circular muscle 
of the cervical esophagus. 

 UES function is controlled by a variety of 
re fl exes that involve afferent inputs to the motor 
neurons innervating the sphincter. These re fl exes 
elicit either contraction or relaxation of the tonic 
activity of the UES. Inability of the sphincter to 
open or discoordination of timing between the 
opening of the UES with the pharyngeal push of 
ingested contents leads to dif fi culty in swallow-
ing known as oropharyngeal dysphagia. The CP 
muscle component of the UES, in particular, is 
tonically active, relaxing to allow the opening of 
the UES and passage of food. Failure of CP 
relaxation in many cases creates the so-called 
cricopharyngeal bar, where the contracted CP 
impedes food bolus passage and creates a sensa-
tion of dysphagia  [  24  ] . A recent study of elderly 
cadavers demonstrated that there may be a pure 
anatomical component of the CP bar as well. 
One-third of the cadavers examined in the study 
demonstrated an anatomical cricopharyngeal 
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protrusion on the posterior hypopharyngeal wall, 
which may have played a role in dysphagia 
symptoms with normal UES function  [  28  ] . 

 The cervical esophagus contains predomi-
nantly striated muscle  fi bers and occasionally 
smooth  fi bers  [  24  ] . Approximately 4 cm of the 
proximal end is composed exclusively of striated 
 fi bers. Between 4 and 12 cm, a mixture of smooth 
and striated muscle exists and beginning with the 
lower border of the cricopharyngeus, only smooth 
muscle can be seen  [  20  ] . Rheumatoid arthritis 
selectively leads to dysfunction of the predomi-
nantly smooth muscle that forms the lower two-
thirds of the esophagus, with resultant low 
peristaltic pressures clinically manifested as dys-
phagia and/or re fl ux  [  29  ] . 

 The external longitudinal muscle layer of the 
cervical esophagus originates from the dorsal 
plane of the cricoid cartilage and because of its 
lateral and caudal course, delimits a weak space: 
the Laimer’s triangle which is prone to develop a 
rare type of diverticulum  [  29  ]  .  The external lon-
gitudinal layer courses down the length of the 
entire esophagus. At its distal end the longitudi-
nal  fi bers become more oblique and end along the 
anterior and posterior gastric wall  [  30  ] . The inter-
nal circular layer of muscle originates at the level 
of cricoid cartilage and while descending, forms 
incomplete circles  [  30  ] . 

 The LES is a high-pressure zone located where 
the esophagus merges with the stomach. The LES 

is a functional unit composed of an intrinsic and 
an extrinsic component. The intrinsic structure of 
the LES consists of the esophageal muscle  fi bers 
and is under neurohormonal in fl uence. The 
extrinsic component consists of the diaphragm 
muscle, which functions as an adjunctive external 
sphincter that raises the pressure in the terminal 
esophagus related to the movements of respira-
tion. Malfunction in any of these two components 
can cause GE re fl ux and its subsequent symp-
toms and mucosal changes  [  31  ] . 

 The intrinsic component of the LES is com-
posed of circular layers of the esophagus, 
clasp-like semicircular smooth muscle  fi bers 
on the right side, and sling-like oblique gastric 
muscle  fi bers on the left side  [  32  ] . The circular 
muscles of the LES are thicker than the adja-
cent esophagus. The clasp-like semicircular 
 fi bers have signi fi cant myogenic tone but are 
not very responsive to cholinergic stimulation, 
whereas the sling-like oblique gastric  fi bers 
have little resting tone but contract vigorously 
to cholinergic stimulation  [  32  ] . 

 The extrinsic component of the LES is com-
posed of the crural diaphragm, which forms the 
esophageal hiatus, and represents a channel 
through which the esophagus enters into the 
abdomen. The crural diaphragm encircles the 
proximal 2–4 cm of the LES and contributes to 
inspiratory variations in LES pressure noted by 
esophageal manometry  [  33  ]  (Fig.  19.6 ).   

  Fig. 19.6    The anatomy of the lower esophageal sphincter (LES), showing the intrinsic and extrinsic components       
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   Histologic Aspects 

 Macroscopically during endoscopy, the esopha-
geal lumen appears as a smooth, pale pink tube 
with visible submucosal blood vessels. The transi-
tion from esophageal to gastric mucosa is known 
as the Z-line or squamocolumnar junction and 
consists of an irregular circumferential line 
between two areas of different-colored mucosa. 
The distal gastric mucosa is darker than the more 
proximal pale pink esophageal mucosa. 
Microscopically, the esophageal wall is composed 
of four layers: internal mucosa, submucosa, mus-
cularis propria, and adventitia (Fig.  19.7 ). Unlike 
the remainder of the GI tract, the esophagus has no 
serosa. This allows esophageal tumors to spread 
more easily and makes them harder to treat surgi-
cally  [  34  ] . The missing serosal layer also makes 
luminal disruptions more challenging to repair.  

   Mucosa 

 The mucosa is thick and reddish cranially and 
more pale caudally. It is arranged in longitudinal 
folds that disappear upon distention. It consists of 
three sublayers. 

 The  fi rst sublayer is the mucous membrane :  a 
nonkeratinized squamous epithelium. It covers 

the entire inner surface of the esophagus and at 
the LES level it may coexist with the columnar, 
gastric type epithelium. The mucous membrane 
is composed of stratum basale, stratum interme-
dium, and stratum super fi cialis. 

 Stratum basale (10–15 % of the epithelium) 
contains cuboidal basophilic cells, low in glyco-
gen attached to the basement membrane by hemi-
desmosomes. These cells can divide and replenish 
the super fi cial layers. In 25 % of the normal pop-
ulation, the stratum basale contains argyrophilic-
positive endocrine cells and in 4 % of the normal 
subjects, it contains melanocytes  [  35  ] . The mel-
anocytes from this region account for the occur-
rence of primary melanoma of the esophagus 
 [  36  ] , while the argyrophilic-positive endocrine 
cells are the potential progenitors of the esopha-
geal small cell carcinoma  [  35  ] . 

 Stratum intermedium and stratum super fi cialis 
are composed of cells derived from the basal 
stratum that become more  fl attened with 
pyknotic nuclei. These cells may present pro-
cesses and desmosomal junctions that become 
fewer and more simpli fi ed super fi cially  [  37  ] . 
Compared with the basal cells, the cells in the 
stratum intermedium and super fi cialis are rich 
in glycogen  [  38  ] . 

 The second sublayer forming the mucosa is 
represented by lamina propria, a thin connective 
tissue structure containing vascular structures 
and mucous secreting glands. 

 The third sublayer of the mucosa is muscularis 
mucosa. This is a thin layer of longitudinally, 
irregularly arranged smooth muscle  fi bers and 
delicate elastic  fi bers  [  39  ] . The muscularis 
mucosa extends through the entire esophagus and 
continues into the rest of the GI tract, being much 
thinner in the proximal part of the esophagus than 
in its distal part  [  40  ] . At the pharyngeal end of the 
esophagus, the muscularis mucosa is represented 
by a few scattered smooth muscle  fi bers. Caudally, 
approaching the cardiac ori fi ce, the muscularis 
mucosa forms a thick layer, so thick that some-
times it may be confused with the muscularis 
propria on biopsy specimens  [  38  ] . The muscu-
laris mucosa separates the lamina propria from 
the submucosa and retracts when it is sectioned 
during surgical procedures. 

  Fig. 19.7    Longitudinal section showing the layers of the 
esophagus.  C  circular muscle layer,  D  striated muscle 
cells of the diaphragm,  E  strati fi ed squamous epithelium, 
 L  longitudinal muscle layer,  LP  lamina propria,  MM  mus-
cularis mucosa,  TA  tunica adventitia,  TM  tunica muscu-
laris,  TS  tunica submucosa,  PEL  phrenicoesophageal 
ligament,  arrow heads ; the  PEL  attaches to the muscular 
layer,  arrows ; isolated group of adipose cells       
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 The submucosa contains loose connective 
tissue as well as lymphocytes, plasma cells, nerve 
cells (Meissner’s plexus), a vascular network 
(Heller plexus), and submucosal glands. The 
esophageal submucosal glands are considered to 
be a continuation of the glands in the oropharynx. 
They are small racemose glands  [  38  ]  of the 
mucous type more concentrated in the upper and 
lower regions. Their secretion is important in 
esophageal clearance and tissue resistance to acid 
 [  41  ] . The postobstructive in fl ammation of the 
glandular ducts can result in intramucosal pseudo-
diverticulosis  [  42  ] .  

   Muscularis Propria 

 The muscularis propria is responsible for motor 
function. The upper 5–33 % is composed exclu-
sively of striated muscle, and the distal 33 % is 
composed of smooth muscle. In between there is 
a mixture of both, called the transition zone. 
Functionally the transition zone can be observed 
with manometry as a region where there is no 
signi fi cant pressure noted during a peristaltic 
contraction that travels down the body of the 
esophagus  [  43  ] . Despite the presence of two dif-
ferent muscle types, they function as a whole 
unit. Between the longitudinal and circular mus-
cular layers, at this level, the Auerbach’s plexus 
is found. Different pathologic conditions usually 
affect only one muscular layer, as in sclerodema 
and achalasia when only the circular layer is 
involved  [  38  ] .  

   Adventitia 

 The adventitia is an external  fi brous layer that 
covers the esophagus, connecting it with neigh-
boring structures. It is composed of loose con-
nective tissue and contains small vessels, 
lymphatic channels, and nerve  fi bers providing a 
support role. The esophagus does not have a sero-
sal layer except under the diaphragm level where 
it is formed by the peritoneum  [  39  ] .   

   Vascularization 

   Arteries 

 The rich arterial supply of the esophagus is 
segmental (Fig.  19.8 ). The cervical esophagus is 
supplied with branches of the left and right supe-
rior and inferior thyroid arteries. These branches 
travel anteriorly toward the lateral aspect of the 
esophagus and they anastomose on the anterior 
and posterior esophageal walls. Rarely, the cervi-
cal esophagus can be vascularized with branches 
originating from thyroidea ima artery, common 
carotid arteries, and subclavian arteries.  

 The thoracic esophagus is supplied by paired 
esophageal branches from the tracheo-bronchic 
arteries. The later ones emerge from the caudal 
aspect of the aortic arch and are 1–2.5 mm in 
diameter. They course anteriorly and give off 
branches to the trachea and esophagus. This region 

  Fig. 19.8    The arterial supply of the esophagus       
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of the esophagus is also supplied by unpaired 
esophageal branches of about 1.5–2 mm that arise 
at variable locations directly from the anterior wall 
of the aorta and going to the posterior aspect of the 
esophageal wall  [  30  ] . 

 The intra-abdominal esophagus is supplied 
with branches from the left gastric artery. These 
vessels travel upward on the anterior aspect of the 
cardia and they gave off periesophageal tributar-
ies before entering in the muscular wall  [  23  ] . The 
posterior aspect of the abdominal esophagus is 
supplied by branches of the fundal arteries 
derived from the splenic artery. 

 The esophageal vascular system is mainly formed 
from branches of arteries that supply some other 
organs, but a dedicated vasculature to the esophagus 
is less developed. The vessels dip in the esophageal 
wall creating a network in the submucosa and 
mucosa, offering an “excellent blood supply”  [  43  ] . 

 The vasculature of the esophagus determines a 
number of surgical particularities. During the 
pull-through esophagectomy without thoraco-
tomy for excising cancer or tumors, the blood 
loss is moderate making this procedure relatively 
safe  [  44,   45  ] . Usually if bleeding occurs it is a 
consequence of the intratumoral or tumoral adhe-
sions hemorrhaging.  

   Veins 

 The venous system of the esophagus has two 
main divisions: the intrinsic division located in 
the submucosa and the extrinsic division located 
outside the esophagus and draining blood into 
larger blood vessels (Fig.  19.9 ).  

 The intrinsic venous system is composed of a 
parallel network located in the esophageal submu-
cosa coursing the whole length of the esophagus 
 [  46  ] . Kitano and colleagues  [  47  ]  described in detail 
the intrinsic venous system in the lower part of the 
esophagus, close to the GE junction (Fig.  19.10 ). 
Using resin casting, this group identi fi ed four dis-
tinct layers forming the intrinsic esophageal venous 
plexus: (1) Intraepithelial channels, running cen-
trifugally from the epithelium and draining in the 
super fi cial venous plexus with a mean diameter of 

0.043 mm; (2) Super fi cial venous plexus located in 
the mucosa, right below the epithelium, and con-
tinuing with a similar plexus at the gastric level 
(mean diameter = 0.188 mm); (3) Deep intrinsic 
veins, having a higher caliber and draining the 
blood from the super fi cial venous plexus (mean 
diameter = 0.442); and (4) Adventitial veins, located 
more peripherally in the adventitia and also having 
a higher caliber (mean diameter = 0.452 mm). The 
adventitial veins collect the blood from the deep 
intrinsic veins through perforating veins that span 
the muscularis propria layer.  

 The intrinsic esophageal plexus is of a particu-
lar clinical interest because it makes the connec-
tion between the portal and the caval venous 
systems—highly involved in the pathology of 
esophageal varices. Esophageal varices occur 
mainly in conditions complicated by portal 
hypertension such as cirrhosis, schistosomiasis, 
portal vein thrombosis and rarely occur in the 
absence of portal hypertension (i.e., superior vena 
cava syndrome)  [  48  ] . 

  Fig. 19.9    The venous drainage of the esophagus       
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 The patients with portal hypertension present a 
speci fi c anatomical pathology. The main changes 
appear at the level of the deep venous layer that 
will transform into tortuous variceal structures 
 [  47  ] . Esophageal varices form as back fl ow pres-
sure increases and may bleed when the intrave-
nous pressure passes over 12 mmHg  [  49  ] . 

 The extrinsic venous system of the esopha-
gus drains in large vessels: the upper esophagus 
blood drains in the azygos and hemiazygos 
veins, and the mid and low esophagus drain in 
tributaries of the portal system such as left gas-
tric vein or splenic vein.  

   Lymphatic System of the Esophagus 

 Lymphatic drainage in the esophagus consists of 
two systems: the lymph channels and lymph 
nodules. 

 The lymph channels begin in the esophageal 
tissue space as a network of endothelial chan-
nels (20–30  m m) or as blind endothelial saccula-
tions (40–60  m m)  [  50  ] . The location of the 
lymphatic capillary origin is not known pre-
cisely. Some authors propose that precapillary 

spaces exist in the lamina mucosa, but others 
contend that there is an absence of true lym-
phatic capillaries in the upper and middle levels 
of the lamina mucosa  [  51  ] . Electron microscopic 
studies show anastomotic lymph capillaries in 
the lower mucosal levels and small lymphatic 
vessels in the submucosa. 

 From this level  fl uid, colloid material, cell 
debris, microorganisms, and sometimes tumor 
cells are taken and drained into collecting lymph 
channels (100–200  m m) that continue through the 
esophageal muscular coat and are distributed par-
allel to the long axis of the esophagus. Paired 
semilunar valves within the collecting channels 
determine the direction of  fl ow. The collecting 
lymph channels merge into small trunks that open 
into the regional lymph nodes (Fig.  19.11 ).    

   Innervation of the Esophagus 

 The esophagus, like the rest of the viscera, 
receives dual motor and sensory innervation sup-
plied by two divisions of the autonomic system: 
the sympathetic and parasympathetic systems 
(Fig.  19.12 ).  

  Fig. 19.10    The venous drainage of the esophageal mucosa       
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   The Sympathetic System 

 The afferent system collects the information from 
the wall of the esophagus using sensorial struc-
tures such as osmoreceptors, chemoreceptors, 
thermoreceptors, and mechanoreceptors  [  52  ] . The 
afferent  fi bers are dendrites of the unipolar neu-
rons located in the dorsal root ganglion in the tho-
racic spine (T1–T10). These neurons will synapse 
with the preganglionic neurons located in the lat-
ero-intermedial grey horns from the thoracic 
spine. The axons of preganglionic neurons leave 
the spine on the ventral root and they synapse with 
neurons in the sympathetic paravertebral chain at 
the same level or they can travel upward or down-
ward to synapse with neurons at different levels. 

The axons of these    neurons are myelinated and 
form the white rami communicantes. 

 The multipolar ganglionic neurons are located 
in the sympathetic trunk, in the proximity of the 
spine, against the costal ends    and posterior to the 
costal pleura  [  53  ] . The rami emerging from the sec-
ond to the  fi fth ganglia form the posterior pulmo-
nary plexus or the deep part of the cardiac plexus. 
These plexuses can generate small branches that 
will distribute to the proximal esophagus  [  23  ] . 

 The preganglionic  fi bers deriving from T5 to 
T9 merge and form the greater splanchnic nerve 
that descends obliquely in the proximity of the 
thoracic vertebral bodies and perforates the ipsi-
lateral diaphragmatic crus on its way to the celiac 
ganglion. Postganglionic  fi bers from the celiac 
ganglion distribute as well to the esophagus sup-
plying the sympathetic innervation  [  53  ] . 

 The postganglionic  fi bers in fl uence the activ-
ity of the target end-organ glands, muscles, and 
the enteric nervous system. Throughout these 
pathways, the sympathetic system generates 
speci fi c activities such as relaxation of the mus-

  Fig. 19.11    Regional lymph nodes of the esophagus       

  Fig. 19.12    The esophageal plexus of nerves containing 
the sympathetic and parasympathetic (via the vagus nerve) 
systems       
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cular wall with depression of peristalsis  [  53,   54  ]  
and increase of LES tonus  [  55  ] . 

 The sensorial information from the esopha-
geal wall is also transmitted ascending toward 
supraspinal and cortical centers, where it is 
interpreted as sensation. The pain, temperature, 
and visceroceptive information can be transmit-
ted via lamina I Rexed of the spinal cord and spi-
nothalamic pathways in the ventromedial nucleus 
of the thalamus, projecting to the insular cortex 
 [  56,   57  ] . The information is transmitted through 
pathways containing numerous small inter-neurons 
in the laminae VII and X Rexed. 

 The sympathetic out fl ow of the neurons from 
the lateral horn in the spine is also controlled by 
substantial input from multiple supraspinal struc-
tures. Using transneuronal-tracing techniques 
with pseudorabies virus, it was possible to iden-
tify these speci fi c supraspinal structures. After 
injection of the pseudorabies virus in the celiac 
and stellate ganglia,  fi ve regions were labeled: (1) 
ventromedial medulla, (2) rostral ventrolateral 
medulla, (3) caudal raphe nuclei, (4) A5 nora-
drenergic cell group, and (5) paraventricular 
nucleus of the hypothalamus  [  58  ] .  

   The Parasympathetic System 

 The parasympathetic system at the esophageal 
level is mainly represented by the  fi bers of the 
vagus nerve. The sensory, afferent  fi bers of the 
parasympathetic system are mainly part of the vagus 
nerve. These  fi bers are dendritic ends of unipolar 
neurons located mainly in the nodose (inferior) 
vagal ganglion and represent approximately 80 % 
of the vagal trunk  [  59  ] . The sensory neurons 
within the nodose ganglion have a topographic 
layout suggested by Collman et al.  [  60  ] . Using 
retrograde immunohistochemical techniques, 
Neuhuber demonstrated that the vagal afferents in 
the cervical esophagus supplying mucosa and 
muscularis propria have different origins. The 
afferent innervation of the muscularis propria 
originates in nodose ganglion while the  fi bers 
supplying the mucosal layer originate mainly 
from petrosal and jugular ganglion  [  61  ] . These 

observations are in agreement with some experi-
ments that demonstrate different patterns of stim-
ulation. The  vagal afferents from the muscularis  
respond mainly to mechanical distention, while 
the  afferents in the mucosa  respond to various 
chemical intraluminal stimulations  [  52  ] . The 
parasympathetic afferents from the esophagus on 
their way to the sensory ganglion gather and join 
the superior laryngeal nerve (SLN). The SLN 
courses along the pharynx, posterior and medial 
to the internal carotid artery, dividing into internal 
and external branches. After piercing the inferior 
constrictor muscle, the internal SLN ascends and 
gives off branches supplying sensation for the 
esophagus, especially on the left side  [  53  ] . 

 The axons of the primary neurons supplying 
sensation of the esophagus terminate in different 
nuclei of the brain stem. The vagal afferents 
from the proximal striated esophagus project in a 
speci fi c region on the medial aspect of the soli-
tary tract called the central subnucleus. The 
afferents from the smooth-muscled part of the 
esophagus project in the vicinity of the central 
subnucleus  [  62,   63  ] . 

 The efferent  fi bers supplying the striated and 
the smooth part of the esophagus also have dif-
ferent origins. The nervous  fi bers innervating the 
striated esophagus originate from the rostral part 
of the nucleus ambiguous  [  64  ] . This structure is 
connected to the ipsilateral central subnucleus of 
the solitary tract by medullary inter-neurons. 
The efferent parasympathetic  fi bers going to the 
distal smooth-muscled esophagus originate in 
the medial part of the dorsal nucleus, the largest 
parasympathetic structure in the brain stem  [  53  ] . 
From the dorsal nucleus, the efferent  fi bers 
merge and form the main trunk of the vagus 
nerve that travels through the jugular foramen. 
The right vagus nerve courses down on the 
posterior aspect of the right bronchus and hilum 
and divides into anterior and posterior subdivi-
sion. The posterior subdivision unites with the 
sympathetic  fi bers forming the right posterior 
pulmonary plexus. This plexus will generate in 
its caudal part rami that innervate the esophagus. 
These rami join similar rami coming from the 
left side to form the anterior esophageal plexus. 
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This plexus continues down along the anterior 
surface of the esophagus coursing through the 
diaphragmatic hiatus  [  53  ] . 

 At the proximal part of the esophagus at the 
pharyngeal–esophageal junction, the efferent 
innervation is supplied with  fi bers from the 
recurrent laryngeal nerves. These nerves origi-
nate from the vagus nerve curving backward 
and upward around the subclavian artery on 
the right side, respectively, around the aortic 
arch on the left side. In the ascending seg-
ments, these nerves travel in the groove formed 
between trachea and esophagus giving off 
esophageal branches that participate in the 
esophageal plexus  [  53  ] . The parasympathetic 
efferent  fi bers regulate the activity of the 
esophageal muscle by increasing the peristal-
sis, decreasing the pressure in the LES, and 
increasing the secretory activity. 

 Similar to the sympathetic system, the activity 
of the parasympathetic system is tonically regu-
lated by supraspinal centers, such as the hypo-
thalamus and cortical areas. Positron emission 
tomography (PET) and functional magnetic reso-
nance imaging (fMRI) have been used to map the 
central nervous system projections from the 
esophagus. Esophageal stimulation at the sub-
liminal and liminal levels is sensed peripherally 
and transmitted to the brain for further process-
ing and modulation. Esophageal sensory innerva-
tion is carried by the vagus nerve to the nodose 
ganglion and projects through the brainstem, 
through the thalamus, to terminate in the cortex 
 [  60,   65  ] . Regions that are activated by esophageal 
stimulation include the secondary sensory and 
motor cortex, parieto-occipital  cortex, anterior 
and posterior cingulate cortex, prefrontal cortical 
cortex, and the insula  [  66  ] .  

   Enteric Nervous System 

 Similar to other segments of the gastrointestinal 
tract, the esophagus has its own neural systems 
composed of  fl at networks in the muscular layers 
that form the myenteric and submucosal enteric 
plexuses  [  67,   68  ] . The thin nerve  fi bers and numerous 

ganglia of the intramural myenteric and submu-
cosal plexuses provide the intrinsic innervation of 
the esophagus (Fig.  19.13 ). The ganglia that lie 
between the longitudinal and the circular layers of 
the tunica muscularis form the myenteric or 
Auerbach’s plexus, whereas those that lie in the 
submucosa form the submucous or Meissner’s 
plexus. In the smooth-muscled esophagus, the neu-
rons of the myenteric plexus relay between the 
vagus and the smooth muscle, acting as postgangli-
onic neurons. From here, short motor axons from 
the ganglia penetrate and innervate the muscle lay-
ers  [  69  ] . The two intrinsic nervous plexuses have 
different roles: Auerbach’s plexus regulates con-
traction of the outer muscle layers, whereas 
Meissner’s plexus regulates secretion and the peri-
staltic contractions of the muscularis mucosae.  

  Fig. 19.13    The myenteric (Auerbach’s) and submucosal 
(Meissner’s) enteric plexuses, which lie within the muscu-
lar layers of the esophagus       
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 The neuromuscular activity is regulated by 
cellular entities within the circular muscular layer 
of the esophagus: interstitial cells of Cajal (ICC) 
that form gap junctions with the adjacent smooth 
muscle cells and play a regulatory role in the neu-
rotransmission. In order to achieve coordinated 
peristalsis with relaxation of the LES, there are 
both excitatory and inhibitory inputs from the 
vagus nerve and the enteric neural plexus. 
Achalasia, a common worldwide cause of esoph-
ageal dysphagia, results from the perturbation of 
these normal neural inputs that occurs with the 
selective degeneration of ganglion cells in the 
myenteric plexus of the esophageal body and the 
LES  [  70  ] . Without this  fi ne balance of neural 
inputs, esophageal peristalsis is absent and the 
LES fails to relax (Fig.  19.14 ).  

 The recurrent laryngeal nerves and the supe-
rior laryngeal nerves have a signi fi cant clinical 
importance. Because of their length and their 
speci fi c location, they can be easily injured dur-
ing esophageal resections, thyroid surgery, and 
left-sided thoracic operations. These injuries 

cause a variety of temporary or permanent motor 
and sensory dysfunctions such as hoarseness and 
aspiration  [  23  ] .       

      References 

    1.    Larsen W. Development of the gastrointestinal tract. 
In: Sherman LS, Potter SS, Scott WJ, editors. Human 
embryology. 3rd ed. Philadelphia: Churchill 
Livingstone; 2001. p. 235–64.  

    2.    Kedinger M, et al. Epithelial-mesenchymal interac-
tions in intestinal epithelial differentiation. Scand J 
Gastroenterol Suppl. 1988;151:62–9.  

    3.    Larsen W. Embryonic folding. In: Sherman LS, Potter 
SS, Scott WJ, editors. Human embryology. 3rd ed. 
Philadelphia: Churchill Livingstone; 2001. p. 133–4.  

    4.    Roberts DJ. Molecular mechanisms of development of 
the gastrointestinal tract. Dev Dyn. 2000;219(2):109–20.  

    5.    Le Douarin NM, et al. Neural crest cell plasticity and 
its limits. Development. 2004;131(19):4637–50.  

    6.    Zuidema GD. Shackelford’s Surgery of the alimentary 
tract, vol. 1. Philadelphia: WB Saunders; 1996. p. 1–35.  

    7.    Skandalakis JE, Ellis H. Embryologic and anatomic 
basis of esophageal surgery. Surg Clin North Am. 
2000;80(1):85–155.  

    8.    Kedinger M, et al. Smooth muscle actin expression 
during rat gut development and induction in fetal skin 
 fi broblastic cells associated with intestinal embryonic 
epithelium. Differentiation. 1990;43(2):87–97.  

    9.    Wallace AS, Burns AJ. Development of the enteric 
nervous system, smooth muscle and interstitial cells 
of Cajal in the human gastrointestinal tract. Cell 
Tissue Res. 2005;319(3):367–82.  

    10.    Fu M, et al. Embryonic development of the ganglion 
plexuses and the concentric layer structure of human 
gut: a topographical study. Anat Embryol (Berl). 
2004;208(1):33–41.  

    11.    Newman CJ, et al. Interstitial cells of Cajal are nor-
mally distributed in both ganglionated and agangli-
onic bowel in Hirschsprung’s disease. Pediatr Surg 
Int. 2003;19(9–10):662–8.  

    12.    Ward SM. Interstitial cells of Cajal in enteric neurotrans-
mission. Gut. 2000;47 suppl 4:40–3. discussion iv, 52.  

    13.    Chalazonitis A, et al. Bone morphogenetic protein-2 
and -4 limit the number of enteric neurons but promote 
development of a TrkC-expressing neurotrophin-
3-ependent subset. J Neurosci. 2004;24(17): 4266–82.  

    14.    Manie S, et al. The RET receptor: function in devel-
opment and dysfunction in congenital malformation. 
Trends Genet. 2001;17(10):580–9.  

    15.    Ramalho-Santos M, Melton DA, McMahon AP. 
Hedgehog signals regulate multiple aspects of gastro-
intestinal development. Development. 2000;127(12): 
2763–72.  

    16.    Gershon MDV. Genes, lineages, and tissue interac-
tions in the development of the enteric nervous system. 
Am J Physiol. 1998;275(5 pt 1):G869–73.  

  Fig. 19.14    Achalasia on barium swallow. The LES fails 
to relax, creating a “bird-beak” appearance at the gastroe-
sophageal junction       

 



28519 Development, Anatomy, and Physiology of the Esophagus

    17.    Amiel J, Lyonnet S. Hirschsprung disease, associated 
syndromes, and genetics: a review. J Med Genet. 
2001;38(11):729–39.  

    18.    Bowie JD, Clair MR. Fetal swallowing and regurgita-
tion: observation of normal and abnormal activity. 
Radiology. 1982;144(4):877–8.  

    19.    Malinger G, Levine A, Rotmensch S. The fetal esopha-
gus: anatomical and physiological ultrasonographic 
characterization using a high-resolution linear trans-
ducer. Ultrasound Obstet Gynecol. 2004;24(5):500–5.  

    20.    Castell DO, Richter JE. The esophagus. 3rd ed. 
Philadelphia: Lippincott, Williams & Wilkins; 1999. 
p. 33.  

    21.    Kos MP, van Royen BJ, David EF, Mahieu HF. 
Anterior cervical osteophytes resulting in severe dys-
phagia and aspiration: two case reports and literature 
review. J Laryngol Otol. 2009;123(10):1169–73.  

    22.    Sobotta J, Putz R, Pabst R. Atlas der anatomie des 
menschen. 13th ed. Philadelphia: Lippincott, 
Williams, & Wilkins; 2001. English version.  

    23.    Pearson G, Cooper J, Deslauriers J. Esophageal sur-
gery. 2nd ed. Philadelphia: Churchill. Livingstone; 
2002. p. 637–54.  

    24.    Sivarao DV, Goyal RK. Functional anatomy and phys-
iology of the upper esophageal sphincter. Am J Med. 
2000;108(Suppl 4a):27S–37.  

    25.    Achkar E. Zenker’s Diverticulum. Dig Dis. 
1998;16(3):144–51.  

    26.    Gerhardt D, et al. Human upper esophageal sphincter 
pressure pro fi le. Am J Physiol. 1980;239(1):G49–52.  

    27.    Lang IM, Shaker R. Anatomy and physiology of the 
upper esophageal sphincter. Am J Med. 1997;
103(5A):50S–5.  

    28.    Leaper M, Zhang M, Dawes PJ. An anatomical pro-
trusion exists on the posterior hypopharyngeal wall in 
some elderly cadavers. Dysphagia. 2005;20(1):8–14. 
Winter.  

    29.    Ebert EC, Hagspiel KD. Gastrointestinal and hepatic 
manifestations of rheumatoid arthritis. Dig Dis Sci. 
2011;56(2):295–302.  

    30.    Kumoi K, Ohtsuki N, Teramoto Y. Pharyngo-
esophageal diverticulum arising from Laimer’s trian-
gle. Eur Arch Otorhinolaryngol. 2001;258(4):184–7.  

    31.    Liebermann-Meffert D, et al. Muscular equivalent of 
the lower esophageal sphincter. Gastroenterology. 
1979;76(1):31–8.  

    32.    Delattre JF, et al. Functional anatomy of the gastroe-
sophageal junction. Surg Clin North Am. 2000;80(1): 
241–60.  

    33.    Preiksaitis HG, Diamant NE. Regional differences in 
cholinergic activity of muscle  fi bers from the human 
gastroesophageal junction. Am J Physiol. 1997;272(6 
Pt 1):G1321–7.  

    34.    Mittal RK, Balaban DH. The esophagogastric junc-
tion. N Engl J Med. 1997;336(13):924–32.  

    35.    Boyce H, Boyce G. Esophagus: anatomy and struc-
tureal anomalies. In: Yamada T, Alpers DH, Kaplowitz 
N, Laine L, Owyang C, Powell DW, editors. Textbook 
of gastroenterology, vol. 1. 4th ed. Philadelphia: 
Lippincott William & Wilkins; 2003. p. 1148–65.  

    36.    De La Pava S, et al. Melanosis of the esophagus. 
Cancer. 1963;16:48–50.  

    37.    DiCostanzo DP, Urmacher C. Primary malignant mela-
noma of the esophagus. Am J Surg Pathol. 1987;11(1): 
46–52.  

    38.    Hopwood D, Logan KR, Bouchier IA. The electron 
microscopy of normal human oesophageal epithe-
lium. Virchows Arch B Cell Pathol. 1978;26(4): 
345–58.  

    39.    Sternberg S. Histology for pathologists. 2nd ed. New 
York: Raven Press; 1997.  

    40.    Dellon ES, Aderoju A, Woosley JT, Sandler RS, 
Shaheen NJ. Variability in diagnostic criteria for 
eosinophilic esophagitis: a systematic review. Am J 
Gastroenterol. 2007;102(10):2300–13.  

    41.    Borysenko M, Beringer T. Functional histology. 3rd 
ed. Boston: Little, Brown & Co.; 1989. p. 20.  

    42.    Christensen J, Wingate DL, Gregory RA. A guide to 
gastrointestinal motility. Bristol: John Wright & Sons 
Ltd.; 1983. p. 157–97.  

    43.    Long JD, Orlando RC. Esophageal submucosal 
glands: structure and function. Am J Gastroenterol. 
1999;94(10):2818–24.  

    44.    Ghosh SK, et al. Physiology of the esophageal pres-
sure transition zone: separate contraction waves above 
and below. Am J Physiol Gastrointest Liver Physiol. 
2005;290(3):568–76.  

    45.    Williams DB, Payne WS. Observations on esophageal 
blood supply. Mayo Clin Proc. 1982;57(7):448–53.  

    46.    Akiyama H. Surgery for carcinoma of the esophagus. 
Curr Probl Surg. 1980;17(2):53–120.  

    47.    Orringer MB, Orringer JS. Esophagectomy without 
thoracotomy: a dangerous operation? J Thorac 
Cardiovasc Surg. 1983;85(1):72–80.  

    48.    Vianna A, et al. Normal venous circulation of the gas-
troesophageal junction. A route to understanding 
varices. Gastroenterology. 1987;93(4):876–89.  

    49.    Kitano S, et al. Venous anatomy of the lower oesopha-
gus in portal hypertension: practical implications. Br J 
Surg. 1986;73(7):525–31.  

    50.    Pashankar D, Jamieson DH, Israel DM. Downhill 
esophageal varices. J Pediatr Gastroenterol Nutr. 
1999;29(3):360–2.  

    51.    Dell’era A, Bosch J. Review article: the relevance of 
portal pressure and other risk factors in acute gastro-
oesophageal variceal bleeding. Aliment Pharmacol 
Ther. 2004;20 Suppl 3:8–15. discussion 16–7.  

    52.    Zuidema GD. Shackelford’s Surgery of the alimen-
tary tract, W.B. Saunders company, Philadelphia, 
Pennsylvania. 1996. I- esophagus: p. 1–35. World J 
Surg. 1994;18(2):266–72.  

    53.    Goyal R, Sivarao D. Functional anatomy and physiol-
ogy of swallowing and esophageal motility. In: Catell 
OD, Richter JE, editors. The esophagus. 3rd ed. 
Philadelphia: Lippincott-Raven; 1999. p. 23.  

    54.    Bannister LH, Berry MM, Collins P. Gray’s anatomy. 
38th ed. New York: Churchill Livingstone; 1995. 
p. 1637.  

    55.    Robertson D. Primer on the autonomic nervous 
 system. 2nd ed. Boston: Academic; 2004. p. 40.  



286 K. Staller and B. Kuo

    56.    DiMarino AJ, Cohen S. The adrenergic control of 
lower esophageal sphincter function. An experimental 
model of denervation supersensitivity. J Clin Invest. 
1973;52(9):2264–71.  

    57.    Saper CB. The central autonomic nervous system: 
conscious visceral perception and autonomic pat-
tern generation. Annu Rev Neurosci. 2002;25:
433–69.  

    58.    Craig AD. An ascending general homeostatic afferent 
pathway originating in lamina I. Prog Brain Res. 
1996;107:225–42.  

    59.    Strack AM, et al. A general pattern of CNS innerva-
tion of the sympathetic out fl ow demonstrated by 
transneuronal pseudorabies viral infections. Brain 
Res. 1989;491(1):156–62.  

    60.    Goyal RK, Hirano I. The enteric nervous system. N 
Engl J Med. 1996;334(17):1106–15.  

    61.    Collman PI, Tremblay L, Diamant NE. The distribu-
tion of spinal and vagal sensory neurons that inner-
vate the esophagus of the cat. Gastroenterology. 1992; 
103(3):817–22.  

    62.    Wank M, Neuhuber WL. Local differences in vagal 
afferent innervation of the rat esophagus are re fl ected 
by neurochemical differences at the level of the sen-
sory ganglia and by different brainstem projections. 
J Comp Neurol. 2001;435(1):41–59.  

    63.    Altschuler SM, et al. Viscerotopic representation of 
the upper alimentary tract in the rat: sensory ganglia 
and nuclei of the solitary and spinal trigeminal tracts. 
J Comp Neurol. 1989;283(2):248–68.  

    64.    Cunningham Jr ET, Sawchenko PE. Central neural 
control of esophageal motility: a review. Dysphagia. 
1990;5(1):35–51.  

    65.    Holstege G, et al. Location of motoneurons innervating 
soft palate, pharynx and upper esophagus. Anatomical 
evidence for a possible swallowing center in the Pontine 
reticular formation. An HRP and autoradiographical 
tracing study. Brain Behav Evol. 1983;23(1–2):47–62.  

    66.    Paintal AS. Vagal afferent  fi bres. Ergeb Physiol. 
1963;52:74–156.  

    67.    Kern MK, et al. Identi fi cation and characterization of 
cerebral cortical response to esophageal mucosal acid 
exposure and distention. Gastroenterology. 1998; 
115(6):1353–62.  

    68.    Christensen J, Robison BA. Anatomy of the myenteric 
plexus of the opossum esophagus. Gastroenterology. 
1982;83(5):1033–42.  

    69.    Christensen J, et al. Arrangement of the myenteric 
plexus throughout the gastrointestinal tract of the 
opossum. Gastroenterology. 1983;85(4):890–9.  

    70.    Gabella G. Innervation of the gastrointestinal tract. Int 
Rev Cytol. 1979;59:129–93.      



287

  20

   Introduction 

 Changes in esophageal function associated with 
aging were  fi rst described almost 50 years ago 
and termed presbyesophagus  [  1  ] . However, as 
techniques for the study of esophageal physiol-
ogy have advanced,  fi ndings once attributed to 
aging have come into question. Given the aging 
population and the priority placed on economi-
cally sustainable health care costs, along with the 
impact on quality of life of impaired esophageal 
function, it is important to examine the current 
state of knowledge in this  fi eld. Considerable 
uncertainty exists today about what constitutes 
normal aging of the esophagus. The goal of this 
chapter is to examine current evidence of changes 
in esophageal function that occur with aging.  
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 While changes in normal esophageal function have long been attributed to 
the aging process, the evidence supporting these changes is mixed. The 
term presbyesophagus was coined to describe changes in esophageal func-
tion with aging. However, studies to date show little evidence for an effect 
of aging on lower esophageal sphincter (LES) function while changes 
noted in esophageal motor function with aging are inconsistent. There is, 
however, good evidence that normal aging does impair esophageal sensory 
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   Presbyesophagus: A Historical 
Perspective 

 Presbyesophagus has been de fi ned as a failure of 
peristalsis in the older esophagus  [  2  ] . This term 
comes from work by Soergel et al. in 1964 from 
a study of 15 subjects 90 years of age or older 
who underwent cineradiography and esophageal 
manometry with systems far more primitive than 
the high-resolution manometry available today 
 [  1  ] . These subjects included four with dementia 
as well as others who were bedridden or suffered 
from diseases such as diabetes mellitus and coro-
nary artery disease. In this small group of elderly 
patients, cineradiography demonstrated frequent 
tertiary contractions as well as aperistalsis, 
delayed esophageal emptying, and dilation of the 
esophagus. Manometry revealed a disorganized 
response to swallowing with features such as 
impaired lower esophageal sphincter (LES) relax-
ation, nonpropulsive contractions, and an absent 
motor response to swallows. Normal peristalsis 
accompanied only 51% of the swallows. As a 
result, the authors speculated that aging was asso-
ciated with a progressive decline in esophageal 
function that they called presbyesophagus, a term 
that is still in use today. Over the ensuing years, it 
has become clear that the term presbyesophagus 
should be discarded, as the changes in esopha-
geal function with normal aging are perhaps 
more subtle than was conceptualized by Soergel 
and coworkers.  

   Structural Changes with Aging 

 Esophageal smooth muscle and myenteric plexus 
histology have been examined in an autopsy 
study of 9 young individuals with a mean age of 
29 years compared to 15 older individuals with a 
mean age of 77 years  [  3  ] . Of note, patients with 
underlying neurologic conditions, diabetes mel-
litus, and alcoholism were excluded. No differ-
ence was found in the smooth muscle thickness 
between the older and younger individuals. 
However, there was a decrease in ganglion cells/
cm 2  in the older individuals when compared to 

the younger group. An inverse correlation of gan-
glion count with age was also noted. These 
 fi ndings may explain some of the observations 
described below regarding impairment in sensory 
function of the esophagus with aging. 

 Aging may also be associated with a change 
of biomechanical properties of the esophageal 
wall. Work by Rao et al. with impedance planim-
etry found that the cross sectional area in both the 
striated and smooth muscle part of the esophagus 
was greater in 11 healthy older subjects, ages 
55–82 years, compared to 11 healthy younger 
subjects, ages 22–45 years (Fig.  20.1 )  [  4  ] . 
Furthermore, the tension–strain plot in the smooth 
muscle portion of the esophagus was shifted to 
the left in the older individuals suggesting that 
the esophageal wall also became stiffer with 
aging (Fig.  20.2 ). This latter  fi nding has been 
con fi rmed by others  [  5  ] . Taken together, these 
two  fi ndings suggest that the esophageal wall is 
associated with a larger but stiffer lumen during 
the aging process.    

   Sensory Changes with Aging 

 In addition to the mechanical changes described 
above, a number of sensory alterations have been 
described in the esophagus with aging including 
changes in chemosensitivity and the response to 
air and balloon distention. 

 Sensitivity to acid infusion is clearly impaired 
with aging in both uncomplicated gastroesopha-
geal re fl ux disease (GERD) patients and GERD 
patients complicated with Barrett’s esophagus. 
Fass et al. performed intraesophageal acid infu-
sion with 0.1 N hydrochloric acid in 23 young 
GERD patients (<age 60 years) and 25 older 
GERD patients (age  ³  60 years)  [  6  ] . When com-
pared to the younger GERD patients, the older 
patients had both a longer lag time to initial 
symptom perception as well as lower symptom 
intensity rating at the end of the acid perfusion 
period. Similar  fi ndings in response to intrae-
sophageal acid infusion were described by Grade 
et al. in 10 young Barrett’s esophagus patients 
( £ age 50 years) and 12 older Barrett’s esophagus 
patients (>age 65 years) with comparable segment 
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  Fig. 20.1    Change in cross sectional area of the smooth 
muscle part of the esophagus ( a ) and striated muscle 
part of the esophagus ( b ) in response to balloon disten-

tion in younger and older healthy volunteers. From 
S.S. Rao et al. Am J Gastroenterol 2003;98:1688–95 
with permission       

  Fig. 20.2    Change in tension–strain association of the 
smooth muscle part of the esophagus ( a ) and striated 
muscle part of the esophagus ( b ) in response to balloon 

distention in younger and older healthy volunteers. From 
S.S. Rao et al. Am J Gastroenterol 2003;98:1688–95 with 
permission       

lengths  [  7  ] . When compared to the younger 
Barrett’s patients, the older patients had both a 
longer lag time to initial symptom perception as 
well as lower sensory intensity rating at the end 
of the acid perfusion period. Five of the older 
patients did not perceive the acid infusion over a 
10-min period whereas all of the younger patients 
did perceive the acid infusion. These  fi ndings are 
especially interesting given the well-described 

increase in prevalence of Barrett’s esophagus 
with age  [  8,   9  ] . 

 A series of studies have examined the effect of 
aging on perception of balloon distention in the 
esophagus. Weusten et al. studied a group of 
healthy volunteers aged 21–59 years and found 
that the response to intraesophageal balloon dis-
tention was notable for an age-related decrease in 
sensory perception accompanied by a decrease in 
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amplitude and an increase in latency of cerebral 
evoked potentials  [  10  ] . Additional balloon dis-
tention work by Lasch et al. con fi rmed that older 
healthy volunteers (mean age 73 years) experi-
enced pain at a higher balloon volume than did 
young healthy volunteers (mean age 27 years 
old) (age range 18–37 years)  [  11  ] . Furthermore, 
whereas all of the younger subjects experienced 
pain at a balloon volume < 28 mL, 10 of 17 older 
subjects did not have any pain at all with at least 
one of the two sets of balloon in fl ation to a maxi-
mum volume of 30 mL, and 5 of 17 experienced 
no pain with both sets of balloon in fl ation. Similar 
 fi ndings have been noted by others  [  4,   5  ] . These 
 fi ndings support an age-related decrease in vis-
ceral pain threshold. 

 Secondary peristalsis, initiated in response to 
local esophageal stimuli, also may be altered with 
advancing age. Ren et al. examined secondary 
esophageal peristalsis in response to intraesopha-
geal air injection and balloon distention in a study 
of nine healthy young (mean age 35 years) and 
nine healthy elderly (mean age 74 years) volun-
teers  [  12  ] . They found either absent or less fre-
quent stimulation of secondary peristalsis in the 
elderly subjects. Elderly patients also experi-
enced less frequent LES relaxation in response to 
esophageal air distention. While secondary peri-
stalsis was elicited in all of the younger subjects, 
there was complete failure of secondary peristal-
sis in four of the elderly subjects. This failure or 
deterioration of secondary peristalsis in the 
elderly would suggest impairment in esophageal 
afferent pathways, a  fi nding that may be sup-
ported by the decrease in myenteric neurons 
described earlier  [  3  ] . 

 Taken together, the above data indicate that 
there is a decrease in esophageal sensation that 
occurs with increasing age. Whether this impaired 
sensation is a result of decreased innervation or a 
failure of appropriate signaling is uncertain.  

   Esophageal Motility 

 There is an extensive literature on esophageal 
manometric  fi ndings in elderly individuals. 
However, the literature needs to be divided into 

studies of (a) healthy normal volunteers with no 
esophageal symptoms and (b) individuals referred 
for esophageal manometric testing for symptoms 
such as dysphagia, chest pain or GERD. The lat-
ter group is by nature much more heterogeneous 
and any abnormalities seen may be related to an 
underlying disease process and not simply nor-
mal aging. Of note, there are no studies to our 
knowledge utilizing modern high-resolution 
manometric techniques to assess esophageal 
function in the older population. 

   Lower Esophageal Sphincter 

 Work by Soergel et al. in 1964  fi rst suggested 
the possibility of age-dependent changes in 
LES function, including failure of LES relax-
ation with swallowing  [  1  ] . LES relaxation was 
encountered in only 44% of swallows and was 
completely absent in two subjects. As noted 
earlier, this study was done on 15 individuals 
older than 90 years of age including some with 
dementia and diabetes and not in a healthy 
asymptomatic group of elderly individuals. 
However, with advances in esophageal physio-
logic testing in the ensuing years, these  fi ndings 
came into question. Dilation of the esophagus 
and impaired LES relaxation are seen in acha-
lasia, and the  fi ndings seen by Soergel et al. 
may have been a manifestation of undiagnosed 
achalasia rather than the aged esophagus. 
Subsequent esophageal manometry studies in 
healthy older patients have either failed to 
reveal similar  fi ndings of LES dysfunction, or 
yielded inconsistent results of uncertain clini-
cal signi fi cance. 

 Multiple studies of healthy volunteers have 
detected no difference in resting LES pressures 
or relaxation in older patients compared to 
younger patients. Hollis et al. examined 21 
elderly males between the ages 70 and 87 years 
and compared them to 11 young healthy males 
between the ages 19 and 27 years  [  13  ] . LES 
relaxation occurred with 98% of the swallows in 
both groups. Khan    et al. examined 133 healthy 
asymptomatic volunteers between the ages of 
20 and 89 years and found comparable mean 
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resting LES pressures between those below the 
age of 40 years (24.9 ± 1.2 cm of water) and 
those over the age of 60 years (25.8 ± 1.6 cm of 
water)  [  14  ] . A landmark study of 95 healthy 
adult volunteers by Richter et al. that established 
normal values for esophageal manometry labo-
ratories found no effect of age on LES pressure 
measurements  [  15  ] . In contrast, only one study 
of healthy volunteers has found an abnormality 
in LES parameters with aging. Grande et al. 
studied 79 healthy volunteers with a mean age 
of 39 years (range 18–73 years) and found an 
inverse relationship between the lower esopha-
geal resting pressures with age  [  16  ] . 

 LES characteristics in symptomatic patients 
referred for manometry have also been described. 
In a study of 349 GERD patients who underwent 
esophageal manometry, Achem et al. found no 
difference in the resting LES pressures between 
old ( ³ 65 years old) and young ( £ 40 years old) 
patients  [  17  ] . Additional work from the same 
center described similar  fi ndings in a study of 
470 consecutive patients who underwent esoph-
ageal manometry for dysphagia, chest pain, and 
miscellaneous other indications; no differences 
were found between groups of older ( ³ 75 years 
old) vs. younger ( £ 50 years old) in resting LES 
pressure (28.6 vs. 27.2 mmHg) or residual LES 
pressure (2.8 vs. 2.4 mmHg)  [  18  ] . Similar 
 fi ndings in a group of dysphagia patients have 
been described by others as well  [  19  ] . On the 
other hand, one group has described an elevation 
of basal LES pressure in patients with nonstruc-
tural causes of dysphagia referred for manometry 
 [  20  ] . The 23 older patients ( ³ 80 years old) had a 
mean resting LES pressure of 26.1 mmHg com-
pared to 16.8 mmHg in 23 younger patients 
( £ 46 years old). 

 Thus, while it has been postulated that LES 
function deteriorates with age, current evidence 
suggests that LES dysfunction is not a hallmark 
of the esophagus in older patients. While abnor-
mal function of the LES may be seen in the 
elderly, it should be investigated as a manifesta-
tion of a disease process such as achalasia or 
GERD rather than simply as an age-related 
phenomenon.  

   Esophageal Body 

 The studies cited above have also looked at 
esophageal body motor function in asymptomatic 
older patients. In Hollis’ study of 21 healthy 
elderly compared to 11 young controls, a number 
of interesting  fi ndings were noted  [  13  ] . First, the 
amplitude of contractions in the distal esophagus 
was reduced in the elderly compared to the young 
group, with a marked decline in amplitude after 
the age of 80 years, both basally and in response 
to the cholinergic agonist edrophonium. There 
was no difference between the two groups in per-
istaltic velocity, duration of contractions, or onset 
of contractions after a swallow. The work by 
Khan et al. divided the 135 healthy subjects into 
two groups: those less than 40 years of age and 
those greater than 60 years of age  [  14  ] . They 
found that the amplitude of contractions was 
lower in those over age 60 years (53.9 vs. 
74.4 mmHg). Furthermore, more contraction 
abnormalities were noted in the older subjects, 
including both an increase in simultaneous con-
tractions and a decrease in peristaltic contrac-
tions. Similar  fi ndings of a decline in peristaltic 
amplitude and an increase in simultaneous con-
tractions have been made by others as well  [  16  ] . 
In the Richter study of 95 healthy volunteers, dis-
tal contractile amplitude and duration increased 
with advancing age until peaking in the  fi fties 
before declining in the sixties (Fig.  20.3 )  [  15  ] .  

 Adamek et al. used 24-h esophageal manom-
etry to investigate characteristics of esophageal 
function during normal diurnal activities of 44 
healthy subjects  [  21  ] . A comparison of the young 
group (median age 29 years) with the older group 
(median age 62 years) found no in fl uence of age 
on the amplitude and duration of peristaltic waves 
or the proportion of propulsive or simultaneous 
contractions. 

 Also of interest, Nishimura et al. compared 
 fi ndings in four groups in a study of 47 healthy 
volunteers based on age (<49 years old, 50–59, 
60–69, and >70 years old)  [  22  ] . Non-propagated 
peristaltic activity was signi fi cantly more fre-
quent in the older groups (60–69 years old and 
>70 years old) compared to the youngest patients 
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(<49 years old) and peristaltic amplitude was 
lower in the group over age 70 years old com-
pared to the group less than 49 years old. 

 The data are also inconsistent when looking at 
symptomatic individuals referred for esophageal 
manometry. The work by Ribeiro et al. examined 
470 consecutive esophageal manometry studies 
in patients referred for a variety of indications 
 [  18  ] . There was a decrease in the frequency of 
primary peristalsis after wet swallows in older 
patients ( ³ 75 years) when compared to younger 
patients ( £ 50 years) (63 vs. 78%  p  < 0.005). 
Furthermore, swallows in the older patients were 
more likely to result in simultaneous contractions 
than in the younger group (15 vs. 4%  p  < 0.02). 
However, illustrating the problems in interpreting 
these data, achalasia was more common in the 
elderly (15 vs. 4%) as was diffuse esophageal 
spasm (17 vs. 5%). Given the fact that peristaltic 
abnormalities such as simultaneous contractions 
are necessary for the diagnosis of both condi-
tions, the relevance of these  fi ndings to normal 
aging is questionable. 

 In the study of 349 GERD patients who under-
went esophageal manometry, Achem et al. found 
normal peristalsis after 63% of wet swallows in 
old ( ³ 65 years old) patients compared to 95% of 

young ( £ 40 years old) patients with abnormal 
acid exposure  [  17  ] . 

 Other studies have examined individuals 
referred for manometry because of nonstructural 
causes of dysphagia. Robson found no differ-
ences in older (>65 years old) vs. younger dys-
phagia patients ( £ 45 years old) in the frequency 
of normal peristalsis as well as contraction ampli-
tude  [  19  ] . Andrews et al. in a study of 452 con-
secutive esophageal manometry studies done on 
symptomatic patients found that normal motor 
function was less frequent with aging  [  23  ] . 

 Thus while studies are limited and inconsis-
tent, some degree of motility disturbance in the 
esophageal body of the elderly appears frequent, 
although physiologic function for the most part 
remains intact  [  24  ] . Most common among these 
abnormalities seem to be decreased contractile 
amplitude especially in subjects greater than 
80 years of age. The  fi ndings of impaired peri-
staltic activity and increased failure of primary 
peristalsis are variable. Nevertheless, aperistalsis 
not explained by achalasia or other connective 
tissue diseases may be more common in the 
elderly than in the young  [  25  ] . It is important to 
note that all of these studies were performed 
with older manometric techniques and not with 
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  Fig. 20.3    The effect of age on distal contractile amplitude and duration in 95 healthy volunteers. From J.E. Richter 
et al. Dig Dis Sci 1987;32:583–92 with permission       
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high-resolution manometry, which provides 
more information on esophageal physiology than 
traditional water perfused systems.   

   Summary 

 Although motor abnormalities of esophageal 
function have been attributed in the past to the 
normal aging process, data supporting these con-
clusions appear to be lacking. Rather, normal 
esophageal physiology appears to be the norm in 
the elderly. Nonetheless, there appear to be con-
sistent changes in esophageal sensation, stiffness, 
and luminal diameter with aging that may well be 
related to a decrease in myenteric neurons noted 
in the esophageal wall with aging. Any changes 
in LES pressure and relaxation and in the ampli-
tude and duration of contractions as well as con-
traction abnormalities in the aging esophagus 
appear to be a manifestation of underlying dis-
ease states and not the normal aging process.      
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  Abstract 

 The incidence of feeding and airway-related disorders is high, particularly 
among those neonates that graduate from the intensive care units. 
Commonly noted neonatal feeding problems that are in fl uenced by esoph-
ageal anatomical and pathophysiological considerations include swallow-
ing disorders, gastroesophageal re fl ux disease, aspiration syndromes, 
congenital foregut anomalies, and chronic lung disease. The functions of 
esophagus can be classi fi ed into (1) deglutitive peristaltic functions and 
(2) esophageal protective functions. In contrast to what is known in adult 
human or animal models, unfortunately, not much is known about these 
functions relevant to the nascent esophagus. In this chapter, we will explain 
the developmental physiology of (1) esophageal motility and peristalsis, 
and (2) sensorymotor aspects of upper esophageal sphincter, lower esoph-
ageal sphincter and esophageal body protective re fl exes. This chapter fol-
lows the pharyngeal functions in relation to deglutition, and therefore the 
reader should also refer to the former chapter for better understanding of 
embryology and anatomical considerations.  

   Keywords 

 Esophageal and airway protective re fl exes  •  Maturation of upper and lower 
esophageal sphincter  •  Nascent esophagus  •  Premature infants  • 
  Sensory-motor physiology      

      Introduction 

 The incidence of feeding and airway-related 
 disorders is high, particularly among those neo-
nates that graduate from the intensive care units. 
Commonly noted neonatal feeding problems that 
are in fl uenced by esophageal anatomical and 
pathophysiological considerations include swal-
lowing disorders, gastroesophageal re fl ux disease, 
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aspiration syndromes, congenital foregut anoma-
lies, and chronic lung disease. The functions of 
esophagus can be classi fi ed into (1) deglutitive 
peristaltic functions and (2) esophageal protective 
functions. In contrast to what is known in adult 
human or animal models, unfortunately, not much 
is known about these functions relevant to the 
nascent esophagus. In this chapter, we will explain 
the developmental physiology of (1) esophageal 
motility and peristalsis, and (2) sensory-motor 
aspects of upper esophageal sphincter, lower 
esophageal sphincter and esophageal body 
 protective re fl exes. This chapter follows the pha-
ryngeal functions in relation to deglutition, and 
therefore the reader should also refer to the for-
mer chapter for better understanding of embryol-
ogy and anatomical considerations. 

 This chapter will focus on the physiology of 
the nascent esophagus in relation to its functions 
and re fl exes. Speci fi cally, we will elucidate how 
these complex protective and deglutitive esopha-
geal functions are executed by a group of esopha-
geal muscles coordinated by the Vagus.  

   Neuroanatomical Relationships 
Within the Aerodigestive Tract 

 The foregut is a tubular organ comprising inner 
circular and outer longitudinal muscle layers with 
myenteric plexus between the muscle layers. The 
proximal part of foregut is comprised of striated 
muscle and includes pharynx, upper esophageal 
sphincter (UES), and proximal third of the 
 esophagus. The UES is characterized by a high 
 pressure zone generated by the cricopharyngeus 
(the principal muscle), proximal cervical esopha-
gus, and inferior pharyngeal constrictor. The UES 
is innervated by (1) the Vagus via the pharyngo-
esophageal, superior laryngeal and recurrent 
laryngeal branches; (2) the Glossopharyngeal 
nerve; and (3) the sympathetics via the cranial 
cervical ganglion. The distal end of the esopha-
gus consists of the specialized smooth muscle, 
the lower esophageal sphincter, an autonomous 
contractile apparatus that is tonically active and 
relaxes periodically to facilitate bolus transit. 

 The airways and the foregut share common 
innervations  [  1–  3  ] . Foregut afferents are derived 
from both Vagal and dorsal root ganglions with 
cell bodies in the nodose ganglion. This afferent 
apparatus conveys signals to the neurons in the 
nucleus tractus solitarius, located in the dorso-
medial medulla oblongata. These signals are 
integrated in a speci fi c terminal site of the 
nucleus tractus solitarius, the subnucleus centra-
lis, which is the sole point of termination of 
esophageal afferents. After sensory integration 
in the nucleus tractus solitarius, the signals could 
in turn activate airway motor neurons in the 
nucleus ambiguous and the dorsal motor nucleus 
of the Vagus, producing an efferent parasympa-
thetic response and/or nonadrenergic noncholin-
ergic response. In summary, the innervations of 
the aerodigestive tract are as follows: (a) supra-
glottal and supra-UES mucosal areas from IX 
and X nerves, and muscular areas from X nerves; 
(b) infra-glottal mucosal and muscular areas 
from X nerve; and (c) pharynx and esophagus 
from IX and X nerves.  

   Deglutitive Functions of the Nascent 
Esophagus 

 The fetal swallowing ability develops by 11 weeks 
of embryonic life and fetus swallows amniotic 
 fl uid presented into the primitive pharynx. By 
18–20 weeks, sucking movements appear, and by 
full-term gestation fetus can swallow and circu-
late nearly 500 ml of amniotic  fl uid. Thus, swal-
low-induced peristaltic activity begins in fetal 
life as evidenced by ultrasound studies  [  4,   5  ] . 
Much of the amniotic  fl uid is produced by the 
fetal lung, the  fl ow of which is toward the direc-
tion of pharynx. However, as sucking, lingual, 
and oropharyngeal movements evolve, contribu-
tion to the amniotic  fl uid content varies, in that 
fetal urine and particulate material also are swal-
lowed  [  6  ] . The directionality of amniotic  fl uid 
movement remains aboral within the fetal foregut 
and from lung into the pharynx within the airway 
structure. This balance is maintained until birth 
or the  fi rst breath  [  7,   8  ] . 
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   Maturation of Upper and Lower 
Esophageal Sphincter in Premature 
Infants 

 Using micromanometry methods, pharyngeal, 
upper esophageal sphincter (UES), esophageal 
body, and lower esophageal sphincter (LES) func-
tions have been characterized in neonates  [  9–  11  ] . 
Remarkably, the resting UES tone measured as 
UES pressure in end-expiration increases with mat-
uration and is dependent on the state of alertness 
and activity. The average resting UES pressure 
(mean ± SD) in preterm-born neonates at 33-week 
postmenstrual age was 17 ± 7 mmHg, in full-term-
born neonates was 26 ± 14 mmHg, whereas in adults 
it was 53 ± 23 mmHg. With growth and maturation, 
the muscle mass and therefore the tone and activity 
of the UES improve. Similarly, changes in LES 
length and tone have been observed with growth 
 [  10,   12,   13  ] . By determining the lower esophageal 
sphincter high pressure zone in developing prema-
ture infants, others and we have determined changes 
in esophageal length during postnatal growth in pre-
mature and full-term infants. Speci fi cally, the 
esophageal lengthening occurs in a linear fashion in 
neonates during growth  [  10,   12,   13  ] .  

   Maturation of Esophageal Peristalsis 
in Premature Infants 

 During the propagation of the pharyngeal phase of 
swallow, the UES relaxes, and esophageal body 
waveforms propulse the bolus from proximal to 
distal end, which is accompanied by LES 
 relaxation, so as to allow the bolus to enter the 
stomach. This whole integrated sequence of 
re fl exes constitutes  primary esophageal  peristalsis  
which is swallow-dependent (Fig.  21.1 ). Evaluation 
of consecutive spontaneous solitary swallows dur-
ing maturation (preterm at 33-week PMA vs. pre-
term at 36-week PMA) and growth (preterm-born 
and full-term-born vs. adults) was undertaken. 
Signi fi cant ( P  < 0.05) differences were noted in (1) 
the basal UES resting pressure, (2) UES relaxation 
parameters, (3) proximal and distal esophageal 
body amplitude and duration, (4) magnitude of 

esophageal waveform propagation, and (5) seg-
mental peristaltic velocity. Speci fi cally, the char-
acteristics of UES and primary esophageal 
peristalsis exist by 33-week PMA; however, they 
undergo further maturation and differentiation 
during the postnatal growth, and are signi fi cantly 
different from that of adults  [  9  ] .    

   Airway Protective Functions 
of the Nascent Esophagus 

   Esophageal and Airway Protective 
Re fl exes 

 The esophagus is the frequent target for the 
anterograde bolus from the oropharynx as in swal-
lowing, and also for the retrograde bolus from the 
stomach as in gastroesophageal re fl ux events. 
During either event, the bolus comes in close 
proximity to the airway, and evolving postnatal 
mechanisms facilitate pharyngeal and airway pro-
tection. For example, during primary esophageal 
peristalsis, there is a respiratory pause called 
deglutition apnea that occurs during the pharyn-
geal phase of swallow (Fig.  21.1 ). This brief inhi-
bition in respiration is due to a break in respiratory 
cycle (inspiratory or expiratory), and is a normal 
re fl ex. On the other hand, during esophageal prov-
ocation events, esophageal peristalsis occurs inde-
pendent of pharyngeal swallowing, called 
 secondary esophageal peristalsis  (Fig.  21.2 ). 
During such provocations, proximal esophageal 
contraction and distal esophageal relaxation will 
result in the generation of secondary esophageal 
peristalsis, which occur independent of central 
swallowing mechanisms. Although the nature and 
composition of bolus within the pharyngeal or 
esophageal lumen can vary, peristalsis remains 
the single-most important function that must 
occur to favor luminal clearance away from the 
airway. This re fl ex peristaltic response and airway 
protection are the end result of the activation 
and interaction of receptors–afferents–brain 
stem mediation–efferents– muscles–effectors. 
In  premature infants, the mechanosensitive, 
 chemosensitive, and  osmosensitive stimuli can 
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provoke the esophagus and the resultant re fl exes 
that protect the airway-digestive tract include sec-
ondary esophageal peristalsis and UES contractile 
re fl ex (Fig.  21.2 )  [  14–  16  ] . These re fl exes prevent 
the ascending spread of the bolus and favor 
descending propulsion to ensure esophageal 
clearance.  

 These re fl exes advance during maturation in 
premature infants. In a study, premature infants 
were studied twice at 33-week and 36-week 
mean postmenstrual age. The occurrence of sec-
ondary esophageal peristalsis was volume-
dependent, and the characteristics were different 
with advanced maturation. At 36-week postmen-

strual age, (1) completely propagated secondary 
esophageal peristalsis was greater with liquids 
than with air, (2) proximal esophageal waveform 
duration signifying proximal esophageal clear-
ance time was shorter for air and liquids, and (3) 
the propagating velocity for liquids was faster. 
Additionally, as the premature infant grew older, 
the occurrence of secondary esophageal peristal-
sis increased signi fi cantly with increment in dose 
volumes of air or liquids. These  fi ndings are sug-
gestive of the existence of Vago-vagal protective 
re fl ex mechanisms that facilitate esophageal 
clearance in healthy premature neonates, and 
that these mechanisms improve with growth. 

  Fig. 21.1    An example of deglutition response or primary 
peristaltic re fl ex and deglutition apnea evoked upon mid-
esophageal stimulation in a neonate. Note the pharyngeal 
contraction, UES relaxation, anterograde propagation, 

and deglutition apnea associated with this event. Note the 
changes in respiratory phase and air  fl ow during pharyn-
geal contractile waveform       
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  Fig. 21.2    An example of secondary peristaltic re fl ex 
along with esophago-upper esophageal sphincter contrac-
tile re fl ex and lower esophageal sphincter relaxation 

re fl ex, evoked upon mid-esophageal stimulation. Note the 
stability of respiration and sustained increase in UES 
pressure with stimulation       

 Similar to the occurrence of secondary esoph-
ageal peristalsis, esophageal provocation can 
result in an increase in UES pressure  [  14,   15  ] . 
This re fl ex is  Esophago-UES-contractile re fl ex,  
and is mediated by the Vagus. We observed that 
the occurrence of UES contractile re fl ex was also 
volume dependent, and the characteristics 
improved with advanced maturation in healthy 
premature neonates. This re fl ex may provide 
 protection to the aerodigestive tract, thus prevent-
ing the proximal extent of the re fl uxate as in 
spontaneous gastroesophageal re fl ux events 
(Fig.  21.2 ). Concurrently, the LES relaxes to 

facilitate bolus clearance. This is called  LES 
relaxation re fl ex  response  [  17  ] . 

 In summary, we review in this chapter, the 
developmental neuroanatomy and neurophysiol-
ogy of esophagus and its aerodigestive relation-
ships that facilitate swallowing, airway protection, 
and aspiration preventing mechanisms. Mal-
development and maladaptation of these func-
tions in high-risk infants pose continued threats 
to swallowing and esophageal functions with the 
consequence of dysphagia, chronic airway prob-
lems, and impaired quality of life. Altered esoph-
ageal defenses can occur in conditions such as 
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extreme immaturity, mal-development of the 
foregut, neurological malfunction, or chronic 
lung disease. Neonatal maturational delays can 
result in motility disturbances and may form the 
basis for infant feeding problems. Important neo-
natal and infant problems related to the esopha-
gus include dysphagia, gastroesophageal re fl ux 
disease, and aggravation of airway injury due to 
mal-development or malfunctions of the swal-
lowing or airway protection mechanisms.       
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  Abstract 

 The esophagus is a muscular tube that serves to propel the ingested food to 
the stomach by sequential, aborally progressive contraction of the esopha-
geal circular muscle in concert with shortening of the esophagus effected by 
longitudinal muscle contraction. Whereas esophageal muscle contraction in 
the proximal striated muscle segment is activated directly via vagal efferent 
neurons, control of peristalsis in the distal smooth muscle segment is more 
complex. Although vagal efferent pathways are necessary for initiating 
swallow-induced peristalsis, peripheral neuromuscular mechanisms play a 
key role in generating the sequential contraction of circular muscle in the 
smooth muscle esophagus, via a complex interplay between cholinergic and 
nitrergic nerves, as well as the myogenic properties of the muscle. 

    Keywords 

 Integration of central and peripheral mechanisms  •  Longitudinal muscle  • 
 Muscularis mucosa  •  Neurotransmitters  •  Peripheral innervation  •  Peripheral 
neurogenic control  •  Physiological control of esophageal peristalsis          

 The main function of the esophagus is to propel 
swallowed food or  fl uid into the stomach. This 
occurs through sequential or “peristaltic” 
 contractions of circular muscle in the esophageal 
body, in concert with appropriately timed 
 relaxation of the upper and lower esophageal 
sphincters (UES and LES), and shortening of the 
esophagus evoked by longitudinal muscle con-
traction. The esophagus also must clear any 
re fl uxed gastric contents back into the stomach 
and participates in vomiting and belching. This 
chapter will focus on the peristaltic function of 
the esophageal body and its control. 
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   Overview of Esophageal Motor 
Function 

 The normal swallow-induced contraction of the 
esophagus is called primary peristalsis. On entry of 
the bolus into the esophagus the UES closes, and a 
peristaltic contraction passes distally along the 
esophageal body to the relaxed LES. The LES then 
contracts in sequence. Figure  22.1  shows these 
events as recorded both by conventional and high-
resolution manometry. The velocity of the wave 

varies between 2.5 and 5 cm/s along the esophagus 
in a bimodal fashion (Fig.  22.2 )  [  1–  3  ] . The normal 
contraction is usually less than 7 s and contraction 
amplitudes rarely exceed 200 mmHg  [  4  ] .   

 During peristalsis, esophageal shortening of 
2–2.5 cm occurs, due to longitudinal muscle con-
traction that proceeds distally at 2–4 cm/s and 
onsets slightly in advance of the circular muscle 
contraction  [  5–  9  ] . Longitudinal muscle contrac-
tion is believed to facilitate bolus transit by two 
mechanisms: (1) by shortening the esophagus, 
the esophageal radius must increase, thereby 

  Fig. 22.1    The relationship between video fl uoroscopic, 
manometric, impedance, and topographic representations 
of esophageal peristalsis. ( a ) Depiction of intraluminal 
manometry/impedance measurement with  fi ve sensors at 
4 cm intervals, and a sleeve sensor in the lower esophageal 
sphincter (LES). ( b ) Representation by overlaying manom-
etry and impedance measurements with video fl uoroscopic 
appearance of a 5-ml swallowed barium bolus. The pres-
sure scale for the  dark thick line  is on the  left  and the imped-
ance scale for the  light thin line  is on the  right . The  arrows  
point to the distribution of the bolus at the times indicated. 
As the bolus enters the esophagus there is a slight increase 
in pressure at most sites, the “bolus pressure.” As the con-
traction reaches each site, the pressure increases and the 
impedance decreases. As the lumen closes and the upstroke 
of the pressure wave occurs, the tail of the barium bolus is 
evident. ( c ) Comparison of conventional manometric 

 pressure tracing at  fi ve sites and the LES, as positioned in 
 a , with the pressure pro fi le obtained with high-resolution 
manometry and displayed topographically as an isocontour 
plot. The overlay places the two representations at similar 
locations. In the isocontour plot deepening shades of  gray  
indicate higher pressures. There are three pressure troughs: 
at the junction of the striated and smooth muscle esopha-
gus; in the mid portion of the smooth muscle portion; and 
at the end of the peristaltic segment just before the LES. 
The troughs separate four different pressure segments, the 
last fronting the contraction that closes the LES. The end of 
the LES relaxation measured with conventional manometry 
coincides with arrival of the contraction at the start of the 
fourth pressure segment and the LES. From J.E. Pandolfi no 
and P.J. Kahrilas. Gastroenterology 2005;128:209–224 
with permission from  Elsevier Publishing and the American 
Gastroenterological Association       
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increasing the lumen size ahead of the oncoming 
bolus  [  10  ] ; (2) longitudinal contractions tend to 
slide the esophagus over the bolus and increase 
the density of the circular muscle  fi bers orad to 
the bolus, which in turn increase the ef fi ciency of 
the circular muscle contraction  [  11  ]  and reduces 
stress on the esophageal wall  [  12  ] . 

 The amplitude of the circular muscle contrac-
tion decreases in a short segment at 4–6 cm below 
the UES, attributed to the region where striated 
and smooth muscles intersperse and/or innerva-
tion changes from the recurrent laryngeal nerve 
proximally to the more distal vagal branches. 
Within the smooth muscle section there is one 
other region of decreased contraction amplitude 
about in its middle, and another near the end of the 
esophageal body and just above the LES  [  1,   3,   13  ] . 
It is not known if these  fi ndings are due to separate 
neuromuscular units governed by output from 
subunits in the swallowing center, or by peripheral 
intramural neuromuscular mechanisms. 

 Contraction amplitude determines the ef fi ciency 
of bolus propulsion and esophageal emptying, 
with ef fi ciency decreasing as amplitude decreases 
 [  14  ] . At a threshold of 30 mmHg, incomplete 
bolus transit can be predicted with a sensitivity of 

85% and speci fi city of 66%  [  15  ] . Sensory feed-
back from the esophagus has an effect on the con-
tractions and peristalsis. Larger boluses and 
greater viscosity increase contraction amplitude 
and duration, and slow peristaltic velocity  [  16–  18  ] . 
Increased intraabdominal  pressure and esophageal 
obstruction also increase amplitude and slow 
velocity. Gravity facilitates transport, especially 
of liquids, and distal contraction amplitude can 
decrease in the more upright position  [  19  ] . 

 In addition to the swallow-induced, primary 
peristaltic wave, local sensory stimulation such 
as distention from retained food not cleared by 
the primary wave or from re fl uxed gastric con-
tents can trigger “secondary peristalsis.” This 
peristaltic wave is similar to that of primary peri-
stalsis but begins in the esophagus slightly above 
the level of the stimulus. However, distension 
high in the esophagus can at times initiate the 
process at the pharyngeal stage  [  20  ] .  

   Physiological Control of Esophageal 
Peristalsis 

   Peristalsis in Striated Muscle Esophagus 

 Like striated muscle in other parts of the body, the 
striated muscle segment of the esophagus is 
dependent on excitatory nerve activity from lower 
motor neurons. The striated muscle of the 
 esophagus is innervated by myelinated vagal 
lower motor neurons whose cell bodies are located 
in the nucleus ambiguous and nucleus retrofacia-
lis  [  21,   22  ] . A small number of cell bodies may 
also arise in the dorsal motor nucleus (DMN) of 
the vagus. These nerve  fi bers contain choline 
acetyltransferase and calcitonin gene-related pep-
tide (CGRP) and synapse directly on the motor 
end plates. Acetylcholine is the primary neu-
rotransmitter involved in activation of esophageal-
striated muscle. The role of CGRP is unknown. 
Bilateral cervical vagotomy above the origin of 
the pharyngoesophageal branches abolishes peri-
stalsis in the striated muscle esophagus  [  23,   24  ] . 
However, unilateral vagotomy has no effect on 
peristalsis, presumably because of extensive cross-
over of vagal innervation within the esophageal 

  Fig. 22.2    A bimodal velocity pattern of the peristaltic 
wave front along the esophagus is apparent using axial 
reconstructions of pressure data. The two modes represent 
propagation through the proximal striated muscle and dis-
tal smooth muscle regions, with deceleration near the 
lower esophageal sphincter. There is no break in velocity 
in the smooth muscle region. From R.E. Clouse et al. Dig 
Dis Sci 1996;41:2369–76 with permission from Plenum 
publishing       
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wall  [  25  ] . Innovative experiments performed by 
Roman  [  25  ]  established that vagal efferent neu-
rons destined for the striated muscle esophagus 
 fi re sequentially. They used the central portion of 
the sectioned vagus in sheep to reinnervate the 
sternocleidomastoid and trapezius muscles from 
which they were able to record electrical activity. 
Activation of deglutition-induced sequential con-
traction of the reinnervated muscles coincided 
with peristaltic contractions simultaneously mea-
sured by intraluminal manometry. 

 A scant myenteric plexus does exist within the 
striated muscle esophagus, but its role in esopha-
geal motor function is unclear. Interestingly, it 
has been demonstrated that motor end plates in 
the striated muscle esophagus are coinnervated 
by vagal lower motor neurons and nitrergic myen-
teric plexus neurons  [  26–  29  ] . It has been specu-
lated that this myenteric innervation may provide 
an inhibitory counterbalance to the predominant 
vagal excitatory innervation  [  29  ] .  

   Peristalsis in the Smooth Muscle 
Esophagus 

 In this region there are three potential control 
mechanisms for peristalsis that must interact and 
integrate effectively: (1) The central swallowing 
center  [  30–  33  ]  sends sequential efferent signals 
to the esophagus via the vagus nerves  [  34–  36  ] ; 
(2) An intramural neural mechanism  [  37–  40  ] ; 
and (3) A myogenic mechanism  [  41–  43  ] . All of 
these mechanisms are in fl uenced by feedback 
from afferent sensory stimulation.  

   Central Control Mechanisms 

 The esophagus receives sequential vagal input to 
both the striated and smooth muscle segments 
during both primary and secondary peristalsis. 
Figure  22.3  demonstrates this vagal activity in the 
baboon and opossum  [  34,   35  ] . The  fi ndings in the 
opossum indicate two different timings of vagal 
 fi ring patterns, an early rapid-sequence group that 
would  fi t with early activation of inhibitory neu-
rons, and a later slower sequence that mirrors the 

timing and velocity of the  peristaltic contraction. 
It is not known if two  fi ring patterns are present in 
other species. If initial inhibition and subsequent 
excitation is the function of these two groups, it 
has been assumed that the early group excites the 
inhibitory neurons and the later group the excit-
atory neurons along the smooth muscle esopha-
gus. It is not established if the vagal  fi bers go 
directly to these neurons or are routed through 
interneuronal circuitry.    

   Peripheral Neurogenic Control 

 Although sequential  fi ring does occur in vagal 
efferent nerves, and the vagus is needed for initia-
tion of primary peristalsis, peristalsis can also 
be induced by local distention and electrical 

  Fig. 22.3    Vagus nerve  fi ring patterns associated with 
swallow-induced esophageal peristalsis in the opossum 
( a ) and the baboon ( b ). In the opossum, there is an early 
and a late sequential  fi ring pattern. The latter corresponds 
to the timing and velocity of the esophageal peristaltic 
wave, whereas the former likely coincides with the initial 
activation of inhibitory neurons. In the baboon, only a 
sequential  fi ring pattern timed with the presence of the 
esophageal contraction along the esophagus was recorded. 
(a) From J.S. Gidda and R.K. Goyal. J Neurophysiol 
1984;52:1169–80 with permission from American 
Physiological Society (b) From C. Roman and L. 
Tieffenbach. J Physiol (Paris)1972;64:479–506 with 
permission from Elsevier Publishing       
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stimulation of an esophagus devoid of extrinsic 
innervation. Furthermore, simultaneous electri-
cal activation of all vagal efferent nerve  fi bers 
induces peristalsis after a variable delay, rather 
than an immediate simultaneous contraction 
(Fig.  22.4 )  [  39,   44–  46  ] . This indicates the impor-
tance of peripheral neuromuscular mechanisms 
in the generation of peristalsis.  

 Tension-recording studies of isolated circular 
smooth muscle strips that have intrinsic but not 
extrinsic innervation have demonstrated an intrin-
sic “latency gradient” of contraction along the 
esophagus that appears to contribute to the gen-
eration of the peristaltic wave  [  47  ] . Most of these 
studies have been performed in the opossum 
model. Short-duration electrical stimulation of 
the intrinsic nerves of a circular smooth muscle 
strip results in a contraction that occurs after the 
stimulus has ended (the so-called off response). 
The onset of this contraction relative to the stimu-
lus increases in strips taken from more aboral seg-
ments of the smooth muscle esophagus (Fig.  22.5 ). 
This latency gradient has been shown to relate to 

the initial inhibition or hyperpolarization that 
occurs upon nerve stimulation. In other words, 
with nerve stimulation there is  fi rst release of an 
inhibitory neurotransmitter (nitric oxide—NO) 
that causes hyperpolarization of the membrane. 
The duration of this hyperpolarization is longer 
aborally  [  48  ] , so that the ensuing  contraction is 
delayed aborally. This initial hyperpolarization of 
the circular smooth muscle membrane potential 
has also been recorded in the opossum in vivo in 
response to swallows  [  49  ] . Furthermore, a wave 
of initial inhibition can be recorded in humans by 
creating an arti fi cial high-pressure zone using a 
partially distended balloon  [  50  ] . The reason for 
the progressive increase in duration of the initial 
hyperpolarization in the proximal versus distal 
smooth muscle esophagus is unclear. It could rep-
resent a relative increase in the release or local 
effects of inhibitory neurotransmitter distally, or 
alternatively, a relative increase in excitatory neu-
rotransmitter release or effects proximally. There 
is no direct evidence in support of either of 
these possibilities, but studies in several species 

  Fig. 22.4    Simultaneous electrical activation of all vagal 
efferent neurons produces simultaneous contractions in 
the striated muscle esophagus, which would be expected 
based on the direct innervation of this muscle by the vagal 
efferent neurons. However, in the smooth muscle segment 
a peristaltic wave is induced. This is because intrinsic 

neurons activated by vagal efferent nerve stimulation are 
capable of evoking a peristaltic contraction without the 
need for centrally mediated sequencing. From R.K. Goyal 
and W.G. Paterson. Handbook of physiology: gastroin-
testinal system. 1989 with permission from American 
Physiological Society       
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 [  51–  62  ]  have shown that atropine delays the onset 
of peristaltic contractions, with a greater effect in 
the proximal than distal esophagus, whereas inhi-
bition of NO shortens the latency of contraction, 
with a more pronounced effect distally than prox-
imally (see below). To date, there has been no 
morphological evidence of a gradient in the den-
sity of cholinergic or nitrergic innervation along 
the esophagus. This raises the possibility that 
intrinsic differences in smooth muscle responses 
along the esophagus may result in a varied 
response to the same quantum of released neu-
rotransmitter (see below).  

 Although an aborally increasing gradient in 
the duration of the initial inhibition is an attrac-
tive model to explain peristalsis, the calculated 
speed of peristalsis based on intrinsic differences 
in the initial inhibition along the esophagus is on 

the order of 10 cm/s  [  48  ] , which is much faster 
than peristalsis in vivo. Thus, there must be 
mechanisms other than the intrinsic latency gra-
dient to explain peristalsis. Experiments in which 
simultaneous electrical and mechanical activity 
were recorded in both the proximal and distal 
opossum smooth muscle esophagus have helped 
clarify the discrepancy between the in vitro and 
in vivo observations  [  58  ] . In this study, it was 
shown that an initial monophasic inhibitory 
potential occurs along the esophagus with either 
swallowing or balloon distention. In keeping with 
the  electrophysiological and muscle strip studies, 
the duration of the initial hyperpolarization was 
slightly longer distally than proximally, but this 
difference was insuf fi cient to explain the marked 
delay of esophageal contraction in the distal ver-
sus the proximal smooth muscle esophagus. 
Rather, in the distal esophagus the initial mono-
phasic inhibitory potential was followed by a 
second wave of hyperpolarization before the 
membrane potential rebounded into depolariza-
tion and initiation of spike potentials (Fig.  22.6 ). 
It was suggested that this secondary hyperpolar-
ization is likely due to reactivation of descending 
inhibitory neurons by distention or contraction of 
the more proximal esophagus in the course of 
peristalsis (Fig.  22.7 ). This suggests that intra-
mural descending inhibitory pathways are crucial 
in generating the peristaltic wave. Subsequent 
 studies in the opossum have  demonstrated that 
localized distention appears to directly activate 
intrinsic nitrergic inhibitory neurons that send 
long aboral projections  [  63,   64  ] . These long ten-
sion-activated descending neurons provide an 
important intrinsic mechanism to ensure that the 
distal esophagus remains inhibited as the bolus 
traverses the esophagus, irrespective of the speed 
of bolus transit.   

   Intramural Myogenic (Muscle) Control 
Mechanisms 

 With the esophagus isolated in vitro and with 
nerves blocked, a myogenic peristaltic contrac-
tion can be demonstrated in the smooth muscle 
segment  [  41–  43,   65  ] . Elsewhere in the gut, a 

  Fig. 22.5    Stimulation electrical stimulation of intrinsic 
neurons within isolated esophageal circular smooth mus-
cle strips results in phasic contraction after a variable 
delay. The latency to onset of this contraction increases 
progressively in strips taken from more aboral segments 
of the smooth muscle esophagus. This demonstrates the 
existence of an “intrinsic latency gradient” of contraction 
along the esophagus, which contributes to the generation 
of a peristaltic wave. From Paterson. Esophageal peristal-
sis. GI motility online; 2006 with permission from  Nature 
Publishing Group       
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  Fig. 22.6    Correlation of electrical and mechanical events 
during peristalsis evoked by swallowing ( a ) and balloon 
distention ( b ). The onset of swallowing is marked by the 
mylohyoid muscle electromyogram. With swallow-
induced (primary) peristalsis, note that the delay in onset 
of depolarization, spike burst, and esophageal contraction 
in the distal esophagus relates to a marked second wave of 
hyperpolarization. With mid-esophageal balloon disten-
tion in the left tracing, the peristaltic velocity is abnormally 
fast, and it is apparent that the slight delay in onset of 

 contraction at the distal vs. proximal site is due to an initial 
hyperpolarization of slightly longer duration. However, 
when balloon distention induces a secondary peristaltic 
wave of normal velocity ( right panel ), the marked delay in 
onset of contraction distally correlates with a second wave 
of hyperpolarization that is likely due to reactivation of 
intrinsic descending inhibitory pathways by contractions 
occurring upstream. From W.G. Paterson. Gastroenterology 
1989;97:665–75 with permission from the American 
Gastroenterological Association;  copyright Elsevier       
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myogenic control system has two fundamental 
characteristics: (1) electrical oscillations of the 
smooth muscle cells, usually called “slow waves”; 
and (2) communication among smooth muscle 
cells allowing the tissue to operate as a functional 
unit  [  66,   67  ] . Both features are present in the 
esophageal circular smooth muscle, although the 
former is only manifest with adequate electrical 
or pharmacological stimulation  [  42,   43,   65, 
  68–  70  ] . Spontaneous rhythmic contractions have 
also been recorded from esophageal longitudinal 
smooth muscle at rest  [  42,   71  ] , but their physio-
logical signi fi cance is uncertain. In other regions 
of the gut, interstitial cells of Cajal (ICCs) are 
believed to play a critical role in myogenic con-
trol mechanisms. Appropriately positioned ICCs 
are also present in the esophagus  [  72,   73  ] , but 
their physiological role has yet to be elucidated in 
this tissue. 

 It has been assumed that the regional gradients 
in the cholinergic and nitrergic innervation along 
the esophagus, discussed above, are suf fi cient for 
local control of peristalsis in the smooth muscle 
section. However, there are also regional differ-
ences in the circular smooth muscle along the 
esophagus that likely contribute signi fi cantly to 
the peristaltic contraction and the delays along 
the esophagus, including the responses to cholin-
ergic and nitrergic innervation. These differences 
include a resting membrane potential gradient 
 [  74,   75  ] , potassium and calcium ion channel 
 diversity  [  75–  77  ] , and differences in muscle 
length–tension relationships and responses to 
cholinergic stimulation  [  78  ] .  

   Role of Afferent Sensory Feedback 
in the Control of Peristalsis 

 With swallowing the region of the swallowing 
center that controls the esophageal stage is nor-
mally activated  [  32  ] , but this activation is consid-
erably enhanced when there is greater pharyngeal 
and esophageal sensory feedback to the swallow-
ing center. Failed esophageal peristalsis in all or 
part of the esophagus is common in humans, par-
ticularly with “dry” swallows. The presence of a 
bolus increases the frequency and completion of 
the peristaltic wave  [  16,   18  ] . Animal studies have 
been con fl icting in determining the necessity for 
bolus stimulation of the esophagus for primary 
peristalsis to occur. In dogs that have a totally 
striated muscle esophagus, and with diversion of 
the bolus in the cervical esophagus, primary peri-
stalsis is absent in the distal esophagus  [  79,   80  ] . 
In the decerebrate cat without cortical input, the 
bolus must be present in the cervical esophagus 
for peristalsis to proceed in the smooth muscle 
portion  [  81  ] . However, in primates that also have 
a distal smooth muscle esophagus, the bolus is 
not always necessary  [  82  ] . Transcortical mag-
netic stimulation in the anesthetized cat  [  83  ]  or 
awake dog  [  84  ]  can itself initiate swallowing, and 
in the dog produce contraction of the upper 
esophagus without a bolus. Such cortical stimu-
lation does not appear to initiate swallowing in 
humans although muscles in the pharynx and 

  Fig. 22.7    Model to explain the intrinsic neuromuscular 
mechanisms that mediate normal esophageal peristalsis. 
With the initial stimulation, be it swallowing or distention, 
there is a short-lived hyperpolarization that is slightly lon-
ger in more aboral region of the esophagus. What then 
transpires is that intrinsic descending inhibitory neurons 
are continuously reactivated by contraction and/or bolus 
distention as it migrates down the esophagus. This mecha-
nism ensures that the esophagus remains inhibited in 
advance of the oncoming peristaltic contraction and 
intraluminal bolus. From Paterson. Esophageal peristal-
sis. GI motility online; 2006 with permission from  Nature 
Publishing Group       
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upper and lower esophagus can be induced to 
contract  [  85–  87  ] . It is clear that the region of the 
swallowing center controlling the esophageal 
stage must be adequately activated for primary 
peristalsis to occur in the esophagus. That is, one 
or more of the three inputs to the swallowing cen-
ter, from the cortex, pharynx, or esophagus, must 
be suf fi cient for activation, and each can facilitate 
the other  [  88  ] . Normally all three inputs are pres-
ent. However, involvement of all three may not 
be necessary depending on species differences 
and experimental conditions. Regardless, the 
swallowed bolus is an important component 
under normal circumstances, and amplitude, 
duration and velocity of the peristaltic wave are 
subject to the nature and size of the bolus. 

 In addition to providing input to the swallow-
ing center, luminal distention by a bolus and/or 
muscle contraction associated with both primary 
and secondary peristalsis also provides a sensory 
stimulus for activation of intrinsic neurons. This 
sensory input contributes to peristalsis, and in 
particular the descending inhibitory component 
 [  63,   64  ] . The sensory transduction mechanisms 
responsible for this are unclear.  

   Integration of Central and Peripheral 
Mechanisms 

 Clearly a central mechanism and peripheral 
 neural and myogenic mechanisms can direct peri-
stalsis in the smooth muscle segment, and must 
integrate effectively. Which mechanism is domi-
nant under normal circumstances is not estab-
lished. At rest the esophagus is both mechanically 
and electrically silent, and some form of stimulus 
is required for a contraction to occur. With a 
swallow, the central mechanism initiates and 
sequences contractions in the striated muscles of 
the esophagus. For initiation of a contraction in 
the smooth muscle portion, excitatory cholinergic 
neurons must be adequately stimulated by central 
and/or peripheral neural input. The threshold for 
muscle contraction, its timing in the peristaltic 
sequence, and contraction amplitude are deter-
mined by the balance between excitatory and 
inhibitory in fl uences at the muscle level. 

 The swallow or pharyngeal stimulation initiates 
the swallowing center esophageal stage of control 
and its vagal output to the smooth muscle. Sensory 
input from a bolus in the esophagus is not neces-
sary for the occurrence of primary peristalsis in this 
segment in the human but can alter the intensity 
and timing of the vagal output that corresponds to 
the timing and amplitude of the contraction. With 
secondary peristalsis, the swallowing center behav-
ior is normally similar to that with primary peristal-
sis. Thus, even though distention-induced peristalsis 
can occur in the absence of central control, it is 
likely that under physiological circumstances the 
central nervous system has signi fi cant in fl uence on 
the secondary peristaltic wave. Indeed, it appears 
that the proximal excitation component of second-
ary peristalsis and its occurrence in the striated 
muscle esophagus are entirely dependent on intact 
vagal nerves  [  89  ] . Vagal inputs also impact directly 
or indirectly on both excitatory cholinergic and 
inhibitory nitrergic myenteric neurons and presum-
ably function as the primary control of the periph-
eral neural network and the network’s excitatory 
and inhibitory outputs to the smooth muscle  [  90  ] . 
Because of its properties, it is likely that the myo-
genic control mechanism participates in the  fi nal 
contraction pattern, but how this control mecha-
nism might operate or be controlled is not known. 
When esophageal sensory input is large and has 
major impact on the local neural mechanism, such 
as with a large stationary bolus, this neural mecha-
nism itself can have a signi fi cant in fl uence on the 
 fi nal contraction pattern. Contraction is enhanced 
proximally and inhibited distally. Final resolution 
of how the different control mechanisms operate 
together is yet to be determined. Thankfully, the 
presence of more than one control mechanism pro-
vides for peristalsis to occur if central control is 
absent or abnormal.   

   Neurotransmitters Involved 
in Esophageal Peristalsis: Evidence 
of Dual Peripheral Innervation 

 Vagal efferent neurons involved in esophageal 
peristalsis synapse on both inhibitory and excit-
atory myenteric neurons. Ganglionic transmission 
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is predominantly nicotinic, although there may be 
associated muscarinic and serotonergic transmis-
sion  [  91–  93  ] . A large number of different peptide 
and nonpeptide neurotransmitters can be detected 
within the esophageal myenteric plexus using 
immunohistochemical stains  [  28,   94–  96  ] . 
However, it appears that two types of motor nerves 
predominate. One stains for NO synthase and 
vasoactive intestinal peptide, and the other for 
choline acetyl transferase and substance P. NO is 
the predominant inhibitory neurotransmitter, 
whereas acetylcholine, acting on either M2 or M3 
muscarinic receptors  [  97–  99  ]  is the predominant 
excitatory neurotransmitter. Evidence for this dual 
innervation comes from a number of sources. In 
the opossum model, nerve stimulation of isolated 
circular smooth muscle strips produces a predomi-
nant “off” contraction (i.e., the contraction occurs 
after the electrical stimulation ends) that is resis-
tant to both adrenergic and cholinergic blockade 
 [  47,   100  ] . Subsequent studies revealed that this off 
contraction can be blocked by a NO synthase 
inhibitor  [  62,   101,   102  ] . However, depending on 
the parameters of nerve stimulation, atropine-sen-
sitive contractions may also be induced  [  37,   103  ] . 
Furthermore, in the presence of a NO synthase 
inhibitor, a predominant cholinergic contraction in 
response to nerve stimulation becomes unmasked 
 [  62  ] . Similar observations have been made in 
human esophageal muscle strip studies  [  104  ] . 

 These observations are supported by studies 
using vagal efferent nerve stimulation  [  39,   51,   62  ] . 
With a short train of nerve stimulation,  contractions 
are induced along the smooth muscle esophagus 
after the stimulus is over. These are often peristal-
tic in nature, but adjusting the electrical stimulus 
parameters can in fl uence this. If a long stimulus 
train is used, however, both an intrastimulus con-
traction (A wave) and a poststimulus contraction 
(B wave) are frequently observed  [  39,   51,   62  ] . The 
intrastimulus contraction is usually peristaltic and 
is blocked by atropine, whereas the poststimulus 
contraction is blocked by a NO synthase inhibitor 
and is either simultaneous in onset or has a very 
rapid peristaltic velocity. Whether A waves, B 
waves, or both are induced by long train vagal 
efferent stimulation depends on the stimulus fre-
quency used. Low-frequency stimulation favors A 
waves, whereas high-frequency stimulation favors 

B waves. Interestingly, administration of atropine 
not only blocks A waves, but also unmasks or 
enhances B waves, whereas NO synthase inhibi-
tion does the opposite (Fig.  22.8 ). When both atro-
pine and a NO synthase inhibitor are applied 
together, both A and B waves are  abolished  [  51  ] . 
Similarly, both antagonists are required to com-
pletely abolish swallow-induced peristalsis in the 
opossum model  [  51  ] . These studies provide sup-
port for the concept that vagal efferent nerve  fi bers 
innervate both inhibitory (nitrergic) and excitatory 
(cholinergic) neurons. It thus appears that the nor-
mal peristaltic wave is a result of blended innerva-
tion that may vary along the esophagus. Cholinergic 
neurons activate contraction by directly depolar-
izing the muscle. On the other hand, nitrergic neu-
rons presumably cause contraction through a 
“rebound” depolarization following an initial 
hyperpolarization; that is, NO serves as both an 
inhibitory and excitatory neurotransmitter. The 
relative importance of direct cholinergic excita-
tion versus rebound excitation in evoking esopha-
geal contraction varies between species. In the 
opossum model, rebound excitation following 
NO-induced inhibition plays a large role, whereas 
in humans and especially cats, cholinergic excita-
tion is much more dominant  [  53,   57,   105  ] .  

 The physiological role of other neurotransmit-
ters found within the smooth muscle esophagus 
is unclear, as studies often fail to clearly differen-
tiate a pharmacological from a physiological 
effect. Tachykinins may contribute to part of the 
noncholinergic excitatory response in human 
esophageal circular smooth muscle  [  106  ] . 
Enkephalins also may modulate peristalsis by 
presynaptic inhibition or excitation of neurotrans-
mitters directly responsible for peristalsis  [  107, 
  108  ] , whereas catecholamines  [  109  ]  and CGRP 
 [  110  ]  inhibit esophageal contractions.  

   Role of Longitudinal Muscle and 
Muscularis Mucosa in Esophageal 
Peristalsis 

 To date, studies on the physiology of the longitu-
dinal muscle have focused entirely on the smooth 
muscle esophagus. As discussed above, the longi-
tudinal muscle also contracts in sequential fashion 
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during peristalsis to facilitate bolus transport 
 [  111  ] . However, it appears that unlike circular 
smooth muscle, the sequential nature of the esoph-
ageal longitudinal smooth muscle  contraction is 
entirely mediated centrally via vagal efferents. 
Similar to circular muscle, the duration of longi-
tudinal muscle contraction also appears to vary 
along the esophagus, with contraction lasting lon-
ger distally than proximally  [  111  ] . 

 In vivo studies in the opossum model have 
also shown that the primary neurotransmitter 
involved in longitudinal smooth muscle contrac-

tion is acetylcholine. The muscarinic antagonist 
atropine virtually abolishes longitudinal muscle 
contraction and esophageal shortening in 
response to swallowing and vagal stimulation 
 [  38,   39,   112  ] . However, infrequent noncholin-
ergic contractions can be evoked, but the physi-
ological signi fi cance of these is unclear  [  112  ] . In 
vitro studies have also shown that longitudinal 
muscle contraction is predominantly mediated 
by cholinergic neurons; however, with certain 
stimulus parameters a slowly developing and 
sustained longitudinal muscle contraction can be 
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  Fig. 22.8    Evidence for dual innervation in the control of 
esophageal peristalsis in the opossum model. ( a ) Vagal 
efferent nerve simulation using high stimulus frequency 
produced only a B-wave (i.e., contraction after the end of 
stimulation). Following administration of  N  w -nitro- l -
arginine methyl ester ( l -NAME), an inhibitor of NO syn-
thase, the B wave is abolished, and an A wave (i.e., 
intrastimulus contraction) is unmasked, which in turn is 
abolished by the administration of atropine. Subsequent 
administration of  l -arginine (a substrate of NO synthase 

that reverses the effect of  l -NAME), results in a return of 
the B-wave. ( b ) Following the administration of  l -NAME, 
the amplitude of the swallow-induced peristaltic wave is 
diminished and peristaltic velocity increases owing to a 
shortening of the onset of contraction in the distal esopha-
geal site (1 cm above the LES). Subsequent administration 
of atropine abolishes primary peristalsis in the opossum 
smooth muscle esophagus. From N. Anand and W.G. 
Paterson. AJP Gastrointest Liver Physiol 1994; modifi ed 
with permission from American  Physiological Society       
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evoked, which is abolished by substance P 
desensitization  [  113  ] . Recent studies suggest 
that this is mediated by substance P released 
from capsaicin-sensitive neurons and acting via 
neurokinin (NK)-2 receptors  [  114  ] . It is unlikely 
that this substance P-mediated contraction is 
involved in normal peristalsis. However, it may 
play a role in the re fl ex longitudinal muscle con-
traction that occurs with acid re fl ux into the 
esophagus  [  115  ] . There has been speculation 
that this substance P-mediated contraction may 
also be involved in certain esophageal pain syn-
dromes  [  115,   116  ] . 

 Although there is evidence that the longitudi-
nal smooth muscle may participate in deglutitive 
inhibition  [  117  ] , the phenomenon whereby peri-
staltic motor activity induced by a swallow is 
inhibited by a second swallow performed at a 
closely spaced interval, there is no evidence to 
date that this is related to direct inhibitory inner-
vation to the longitudinal smooth muscle. Elegant 
studies in which electrical activity was recorded 
from a  fl ap of isolated longitudinal smooth mus-
cle in vivo showed no evidence of an inhibitory 
junction potential occurring during primary peri-
stalsis  [  118  ] . Interestingly, NO has been reported 
to cause paradoxical contraction of esophageal 
longitudinal smooth muscle  [  71,   119,   120  ] , but it 
is unclear whether this neurotransmitter is 
involved in physiological contraction of this 
muscle layer  [  120  ] . 

 Little is known about the physiological role of 
the muscularis mucosa during peristalsis. It may 
contract primarily in response to luminal stimuli, 
thereby evoking movement of esophageal 
mucosa. It may also serve to hold the normally 
loosely attached overlying mucosa in place, 
thereby preventing excessive movement of the 
mucosa during bolus movement. Studies on the 
physiology and pharmacology of this muscle 
layer have been carried out  [  121–  125  ] . As with 
the longitudinal smooth muscle of the muscularis 
propria, contraction primarily involves cholin-
ergic neurons acting on muscarinic receptors. 
There also appears to be a more sustained or 
tonic contraction due to release of substance P 
 [  124,   126  ] .     

   Summary 

 Although the prime function of esophageal peri-
stalsis is relatively simple (i.e. to propel the 
ingested food bolus to the stomach), the physio-
logical control mechanisms underlying this func-
tion are complex and remain incompletely 
understood. The inner layer of circular muscle 
contracts sequentially above the bolus and relaxes 
distally, thereby pushing the ingested bolus abo-
rally, whereas contraction of the longitudinal 
muscle layer facilitates bolus transfer by shorten-
ing the esophagus and opening up the lumen. 
Central nervous system control via vagal efferent 
nerves is essential for initiating the peristaltic 
wave, and is directly responsible for the sequen-
tial activation of circular muscle in the striated 
muscle segment and longitudinal muscle in both 
the striated and smooth muscle segments. On the 
other hand, peripheral neuromuscular mecha-
nisms play a key role in generating the sequential 
contraction of circular muscle in the smooth 
muscle esophagus, via a complex interplay 
between cholinergic and nitrergic nerves, as well 
as the myogenic properties of the muscle. A bet-
ter understanding of the physiological control of 
esophageal peristalsis is essential if we are to 
optimally manage patients suffering from disor-
ders of esophageal motility.         
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  Abstract 

 Understanding of the sphincter mechanism at the esophago-gastric junc-
tion (EGJ) is crucial to the understanding of esophageal motor disorders 
and gastroesophageal re fl ux disease. Smooth muscles of the lower end of 
esophagus (LES) and skeletal muscles of crural diaphragm are the key 
components of sphincter mechanism at the EGJ. Basal LES tone/contrac-
tion is partly myogenic and party neurogenic. LES relaxation is mediated 
via the vagus nerve, which activates inhibitory motor neurons located in 
the esophageal wall. Longitudinal muscle contraction of the esophagus 
appears to play a critical role in the LES relaxation. LES and crural dia-
phragm relax together during transient LES relaxation (TLESR), which is 
the major mechanism of gastroesophageal re fl ux. TLESR is also impor-
tant during belching, vomiting, and rumination. A large number of phar-
macological agents decrease the TLESR frequency and could be potentially 
useful in the treatment of re fl ux disease. High-resolution and high-
de fi nition manometry has and will continue to improve our understanding 
of the complex functioning of EGJ.  

  Keywords 

 Sphincter mechanisms  •  Esophago-gastric junction  •  Lower esophageal 
sphincter  •  Extrinsic innervation  •  Parasympathetic  •  Sympathetic      
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   Introduction and Historical 
Perspective 

 A person can stand upside down after eating a 
large hearty meal, yet no food backs up into the 
esophagus and mouth. It is intuitively clear that 
there must be a valve or sphincter mechanism at 
the lower end of the esophagus. The lower esoph-
ageal sphincter or the sphincter mechanism at the 
esophago-gastric junction (EGJ) has inspired so 
many and has been an area of intense scrutiny for 
more than 50 years. One may question if this 
intense scrutiny of such a small part of the body is 
really warranted. If one considers that all primary 
motor disorders of the esophagus are “most 
likely” secondary to poor relaxation of the EGJ 
and the majority of gastroesophageal re fl ux dis-
ease is secondary to excessive relaxation of the 
lower esophageal sphincter (LES), the focus on 
the sphincter mechanism at the EGJ is quite 
appropriate and justi fi ed. Some call the sphincter 
mechanism at the lower end of esophagus the 
LES but it is clear now that it is more appropriate 
to refer to it as the sphincter mechanism at the 
EGJ because several anatomical structures con-
tribute to its physiological function. Some of 
these are intrinsic to the wall of the esophagus 
and stomach while others are located outside the 
esophageal wall. In a 1958 review article, 
Ingel fi nger  [  1  ]  stated that the pinchcock action of 
the diaphragm was important in the prevention of 
gastroesophageal re fl ux. Code et al.  [  2  ]  were the 
 fi rst to document the intra-luminal high-pressure 
zone between the esophagus and stomach and 
suggested that intrinsic muscles of the lower 
esophagus were entirely responsible for main-
taining LES pressure. De fi nitive evidence of a 
pinchcock contribution from the diaphragm, how-
ever, was not noted until 1985  [  2,   3  ] . Studies con-
ducted during the last 25 years con fi rm that there 
are as many as three lower esophageal sphincters. 
Some have considered clasp and sling  fi bers of 
the LES as two separate sphincters because each 
one has unique anatomical and functional charac-
teristics. The above two constitute the intrinsic or 
the smooth muscle lower esophageal sphincters. 
Skeletal muscle  fi bers of the crural diaphragm 

that form the esophageal hiatus constitute the 
extrinsic or the external lower esophageal sphinc-
ter. Therefore, current thinking is that the sphinc-
ter mechanism at the EGJ consists of three 
sphincters, “a triple security” mechanism against 
retrograde movement of gastric content.  

   Anatomy of the Lower Esophageal 
Sphincter 

 Anatomy of the smooth muscle LES has fasci-
nated many because contrary to expected, no 
consistent thickening of the muscles at the gas-
troesophageal junction is found on autopsy speci-
mens. Figure  23.1  displays a schematic of the 
region, based on radiological appearance of 
human autopsy specimens of the distal esopha-
gus and proximal stomach. Even though in human 
autopsy specimens no clear evidence of a thick 
LES muscles exits, in vivo intra-luminal ultra-
sound imaging in live humans clearly demarcates 
a region of thick circular and longitudinal muscle 
layers  [  4  ] . The muscle thickness in the middle of 
the LES is twice that of the adjacent esophagus 
(Fig.  23.2 ). Muscle thickness increases and 
decreases with an increase or decrease in LES 
pressure, which suggests that the absence of mus-
cle tone in the autopsy specimen accounts for the 
lack of muscle thickness. Liebermann-Meffert 
found an oblique gastroesophageal ring (GER) at 
the junction between the left side of the esopha-
gus and the greater curvature of the stomach, 
which was the site of greatest muscular thickness. 
It tapered toward the cephalic and caudal direc-
tion, for a length of approximately 31 mm 
(Fig.  23.3 )  [  5  ] . These muscle bundles split 10 mm 
above the GER and extend a length of 25 mm to 
form short transverse muscle clasps on the right 
(lesser curvature of the stomach) and oblique 
 fi bers on the left (greater curvature of stomach). 
Oblique  fi bers form a collar around the left lower 
end of the esophagus that extends caudally and 
toward the lesser curvature. The mechanism of 
how clasp and sling  fi bers form a circumferential 
squeeze is currently unclear. As discussed later in 
the chapter, clasp and sling  fi bers show marked 
differences in their functional properties and have 
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been referred to as two distinct lower esophageal 
sphincters  [  6  ] . Ultrastructural studies show that 
the LES muscle, unlike esophageal muscle, 
shows inward invaginations related to its state of 
tonic contraction  [  7  ] . The nerve varicosities in 
the LES are no different than that of the esopha-
gus. In addition to circular muscle, the LES also 

has a longitudinal muscle layer, the  fi bers of 
which are inserted in between the fascicles of cir-
cular muscles. Unlike circular muscles, which 
continue into the stomach, longitudinal muscle 
layers do not extend below the LES.    

 The crural diaphragm, which forms the hiatus 
for entry of the esophagus from the chest into 

  Fig. 23.1    Schematic of the lower esophageal sphincter (by Goyal R.K.)       

  Fig. 23.2     Asymmetry of the LES shape and LES pres-
sure . Images were obtained using a 12.5–MHz catheter-
based transducer. Circle in the center (T) represents 
the ultrasound transducer. Note  fi ve layers of tissue in 
the esophagus and LES:  MUC  mucosa,  CM  circular 
muscle (intermuscular septum is between circular and 

 longitudinal muscle),  LM  longitudinal muscle (outside 
LM is adventitia),  SP  spine,  A  anterior,  P  posterior, 
 L  left,  R  right. Images were obtained in resting state. 
Note the asymmetry of the LES and esophagus. From 
J. Liu et al. Am J Physiol 1997;272:G1509–17 with 
permission from American Physiological Society       
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abdomen is formed by the right crus of the dia-
phragm; its inner or medial  fi bers are oriented in 
the circumferential direction and lateral  fi bers are 
directed in an oblique cranio-caudal fashion  [  8  ] . 
Embryologically, the crural diaphragm develops 
in the dorsal mesentery of the esophagus while 
the costal diaphragm develops from myoblasts 
originating in the lateral body wall  [  9  ] . Also 
referred to as the pinch cock action of the dia-
phragm, the crural diaphragm provides a strong 
sphincter mechanism at the lower end of the 
esophagus that has been appropriately called the 
“external lower esophageal sphincter”  [  10  ] . The 
LES and crural diaphragm are anchored to each 
other by the phrenoesophageal ligament, a con-
densation of loose areolar tissue. It may form two 
leaves that extend from the under surface of the 
diaphragm and attach to the esophagus, approxi-
mately at the upper border of the LES (Fig.  23.4 ). 
Because of the  fi rm anchoring of the LES and cru-
ral diaphragm by the phrenoesophageal ligament, 
the two structures move together with inspiration 
and expiration but can separate during longitudi-
nal esophageal muscle contraction related to peri-
stalsis  [  11  ]  and transient LES relaxation  [  12  ] .   

   Extrinsic Innervation: 
Parasympathetic and Sympathetic 

 Dorsomotor nucleus of the vagus (DMV) and the 
nucleus ambiguus (NA) located in the medullary 
region of brain stem contain cell bodies of neu-
rons whose processes travel in the vagus nerve. 
The vagus nerve is the major motor nerve of the 
esophagus and LES. It contains approximately 
10,000–50,000 nerves  fi bers, 90% of which are 
afferents  [  13  ] . The efferent nerve  fi bers terminate 
on the myenteric neurons, rather than smooth 
muscles and therefore are referred to as pregan-
glionic efferents. Vagal branches that innervate 
the LES actually enter the wall of esophagus sev-
eral centimeters above the LES. In contrast to the 
vagus nerve, most  fi bers present in the splanchnic 
nerves are motor or efferents (80–90%)  [  13  ] . 
These nerve  fi bers travel along with the branches 
of the vagus nerve and blood vessels into the wall 
of esophagus and LES. The efferent  fi bers do not 
terminate on the end organs, i.e., muscle; rather 
they are involved in the modulation of myenteric 
neurons. Esophagus and LES are innervated by 
the vagal and spinal afferents. Vagal afferents 

  Fig. 23.3     Anatomy of lower esophageal sphincter . 
Note that the muscle  fi bers of the LES are not circular, 
rather they are organized as clasp and sling  fi bers. 

From D. Liebermann-Meffert et al. Gastroenterology 
1979;76:31–8 with permission       
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arise from the sensory neurons located in the 
nodose ganglia in the neck. On the other hand, 
sympathetic or spinal afferents from the esopha-
gus and LES project to the cell bodies in the cer-
vical and thoracic dorsal root ganglions (DRG) 
(from C1 to T9). Spinal afferent  fi bers innervat-
ing the cervical and thoracic esophagus and LES 
arise from a broad range of DRG but there is 
some cranio-caudal representation. DRG contain 
various types of neurons (large, medium, and 
small) that are mostly pseudo-unipolar  [  13  ] . The 
DRG neurons project to the spinal cord via dorsal 
nerve roots and travel via spinothalamic tracts 
and relay visceral afferent input to the CNS.  

   Intrinsic Innervations of the LES 
and Esophagus 

 The truncal portion of neural crest cells contrib-
ute to the formation of the enteric nervous system 
of the esophagus. The Mash-1 gene is essential in 
the migration of neural crest cells into the foregut 

(esophagus and cardiac stomach)  [  14,   15  ] . 
Knockout or mutation of Mash-1 genes cause 
aganglionosis in the esophagus and these mice 
die soon after birth with no milk in their stomach. 
The cells proliferate in the neural crest prior to 
reaching the gut in the presence of appropriate 
growth factor and transcription factors. 
Uncommitted progenitors that exit from vagal 
cells obligatorily express Sox10 and respond to 
Notch and ET-3/ETB signals (transcription fac-
tors). Because Sox10 and Phox2b expression are 
required by early precursors, the entire gut 
becomes aganglionic when these transcription 
factors are deleted. The activation of Ret by 
GDNF/GFRa, which is essential to the formation 
of ganglions distal to the cardiac stomach, is not 
required for the ganglia to form in the esophagus 
and adjacent stomach. In contrast to Ret, esopha-
geal gangliogenesis is Ascl1-dependent  [  15  ] . 

 The enteric nervous system of the esophagus is 
organized into myenteric (located in between the 
circular and longitudinal muscle) and Meissner’s 
plexus (submucosal), both of which are not as 

  Fig. 23.4     Anatomy of the esophago-gastric junction . 
The lower esophageal sphincter and the crural diaphragm 
constitute the intrinsic and extrinsic sphincters, respec-

tively. The two sphincters are anatomically superimposed 
and are anchored to each other by the phrenoesophageal 
ligament       
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developed in the esophagus as in the small and 
large intestine. Each plexus contain ganglia, col-
lections of neurons (nodes) that are connected 
with each other by internodal strands or fascicles. 
Ganglia are more numerous in the smooth muscle 
portion of the esophagus as compared to the skel-
etal muscle esophagus  [  16,   17  ] . Some of these 
ganglia lie outside the fascicular tracts (para fas-
cicular). The density of neurons decreases ten-
fold, from the cranial to the caudal end, reaching 
a nadir of 100–200 cells/cm  [  2  ]  at the most distal 
ends. However, others have argued that this 
decrease may be related to atypical location of the 
neurons rather than a true decrease  [  18  ] . Details, 
with regard to various types of cells in the myen-
teric plexus, are not as well known in the esopha-
gus and LES as is the case in the small and large 
intestine. In the myeneric plexus of smooth mus-
cle esophagus and LES, there are two major types 

of neurons, excitatory and inhibitory. Excitatory 
ones contain acetylcholine and substance P, and 
the inhibitory ones contain nitric oxide synthase 
and vasoactive intestinal peptide. Studies using 
retrograde axonal dye (DiI) and organ culture 
technique (Fig.  23.5 ) show different patterns of 
innervation of the clasp and sling  fi bers of the 
LES, both of which are innervated by cholinergic 
(excitatory) and nitric oxide (inhibitory) nerves 
but the dominant ones in the case of clasp  fi bers 
are inhibitory neurons with their cell bodies in the 
esophagus, 2–12 mm above the LES. On the other 
hand, the cholinergic or excitatory neurons located 
in the stomach provide dominant innervations to 
the sling  fi bers of the LES  [  19,   20  ] . This pattern 
or polarity of neural innervations is similar to the 
small and large intestine where inhibitory neurons 
always project in the aboral direction and excit-
atory neurons in the oral  [  21  ] . Inhibitory neurons 

  Fig. 23.5     Location of the inhibitory and excitatory nerves 
of the lower esophageal sphincter . ( a ) Computer recon-
struction of a preparation opened along the greater curva-
ture after three DiI-coated beads were applied to the right 
side of the LES (at the origin of the axis, hatched area 
mark the LES). After 3 days in organotypic culture, 273 
labeled motor neuron cell bodies were located in the 
esophagus and local to the sphincter, but few cells were 
labeled in the body of the stomach.  Filled dots  represent 
nerve cell body: −, the orientation of the bundle of smooth 
muscle  fi bers in the circular and oblique muscle layers. 

( b ) Distribution of 293 labeled motor neuron cell bodies 
with and without CHAT immunoreactivity. Each circle 
represents a single motor neuron to the LES of the guinea 
pig labeled with DiI after 3 days in organotypic culture. 
Many of the motor neurons close to the DiI application site 
on the LES muscle (at the origin of the axes, hatching 
denotes the region of LES) were immunoreactive for ChAT 
and, hence likely to be cholinergic excitatory motor neu-
rons, whereas few of the esophageal motor neurons were 
ChAT immunoreactive.  Filled circles , motor neurons posi-
tive for ChAT;  empty circles , nonimmunoreactive neurons       
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are generally larger in size than the excitatory 
ones. Varicosities along the axonal process con-
tain neurotransmitters and these neurotransmit-
ters are released with the passage of action 
potential in axons. Neurotransmitters diffuse in 
the spaces around the smooth muscles and act on 
the receptors present on the surface of smooth 
muscle cells. In the human esophagus and LES, 
large numbers of peptide neurotransmitters are 
present in the neurons and their processes, how-
ever, the function and physiological role of these 
neuropeptides is not clear  [  22–  24  ] .  

 Interestingly, myenetric neurons are present in 
the esophagus of animal species that have only 
skeletal muscle esophagus, as well as in the skel-
etal muscle portion of the human esophagus. 
These neurons contain nitric oxide, CGRP, and 
several other peptides. They are thought to exert 
inhibitory in fl uences on the skeletal muscle, how-
ever de fi nite evidence is lacking. It is possible 
that they may be left over from the embryonic 
days, prior to transdifferentiaton of smooth mus-
cle into the skeletal muscle. The other possibility 
is that they actually innervate the smooth muscles 
of the LES.  

   Interstitial Cells of Cajal 

 Interstitial cells of Cajal (ICCs) are present in the 
body of the esophagus as well as in the LES. 
They are dispersed in several different layers and 
are present in increasing numbers from the cra-
nial to the caudal end of esophagus  [  25–  27  ] . ICCs 
make close contact with the smooth muscle cells 
and neurons. Axonal varicosities (site of storage 
of neurotransmitters) make closer contact with 
the ICCs than with the smooth muscle cells. 
Furthermore, ICCs make gap junctions with the 
smooth muscles. Based on the above, a large 
amount of literature during the last 10 years sug-
gest that the ICC serves an intermediary role 
(between neurons and smooth muscles) in the 
neuromuscular transmission  [  28–  31  ] . In addition, 
ICC contains receptors and signaling pathways 
for various neurotransmitters. Most direct evi-
dence for the role of ICC in neurotransmission 
comes from observations that neurotransmission 

in the mutant animals lacking ICC (due to the 
c-Kit receptor de fi ciency) is impaired. Studies 
show that both cholinergic and nitrergic neu-
rotransmission in the c-Kit-de fi cient animals is 
de fi cient in the LES  [  32  ]  and stomach  [  33  ] . 
However, several recent studies suggest that the 
nitrergic neurotransmission in the LES is actually 
intact in the ICC-de fi cient mice  [  34–  36  ] . It may 
be that the impaired nitrergic neurotransmission 
is due to the smooth muscle defect associated 
with c-Kit receptor de fi ciency rather than the 
impaired neuromuscular transmission  [  37  ] .  

   Recording Techniques 

 Any investigator is only as good as his recording 
technique and fortunately, techniques to study the 
esophagus and LES have improved tremendously 
over the years. Original recordings of the esopha-
gus were obtained using balloon and smoke paper 
kymographs (turn of nineteenth century). These 
were replaced with water- fi lled catheters and 
strip-chart recorders that were in use until early 
1970s. Infusion manometry was  fi rst introduced 
and lasted till the beginning of twenty- fi rst cen-
tury. During the last 5 years, high-resolution 
manometry with computerized digital recordings 
has become the gold standard for the esophageal 
pressure monitoring. In the case of LES, record-
ing techniques have advanced from side-hole 
sensors (prior to 1980) to Dent sleeve sensor 
(from 1980s onwards), to electronic sleeve sen-
sor more recently. These improvements have 
made life simpler for the clinicians and research-
ers alike  [  38–  42  ] . Catheters equipped with 36 
solid-state transducers that are circumferentially 
sensitive and span the entire length of the esopha-
gus, EGJ and proximal stomach have replaced 
infusion manometry recording technique during 
last 5 years in the most motility laboratories 
across the country. Topographical visualization 
of pressure waves recorded by closely spaced 
sensors has come to age in the  fi rst decade of 
twenty- fi rst century. High-resolution manometry 
(HRM), seamless color pressure plots using com-
puter algorithms with linear interpolation of pres-
sure between closely spaced transducers, along 
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the entire region of the esophagus, represent 
signi fi cant advance. These plots beautifully show 
that during peristalsis, a segment rather than a 
focal point in the esophagus is contracted at any 
given time during peristalsis (Fig.  23.6 ). The 
 fi delity of these pressure sensors is signi fi cantly 
better than the infusion manometry and sleeve 
sensor used earlier. Electronic sleeve sensor of 
high-resolution manometry is a signi fi cant 
improvement because of its high  fi delity. It shows 
a clear picture of the relationship between swal-
low and LES relaxation. Closely spaced repeated 
swallows results in long periods of LES/EGJ 
relaxation and only one esophageal peristaltic 
contraction that follows the last swallow. Another 
advancement in the LES pressure measurement 
is high-de fi nition manometry technique, which 
makes it possible to record pressures from 96 
transducers at closely spaced intervals (12 rows 
of 8 circumferential sensors)  [  43  ] . The color plots 
from these recordings show precise axial and cir-
cumferential asymmetry of the pressure in the 
LES/EGJ region (Fig.  23.7 ).   

 Recording of longitudinal muscle contraction 
using catheter-based, intra-luminal ultrasound 
imaging technique represent another technologi-
cal advance  [  44–  46  ] . US imaging can be used 
with manometry to study anatomy as well as 
motor function of the LES and esophagus. US 
imaging can track longitudinal and circular mus-
cle contractions for long periods of time, without 
radiation hazard inherent to the tracking of 
implanted radio-opaque markers (another method 
to measure longitudinal muscle contraction). 
Under physiological condition, muscles contract 
either in an isometric or isotonic, or a mixed fash-
ion. Manometry is ideally suited to record isomet-
ric contraction of the circular muscle. Longitudinal 

muscle contraction occurs under isotonic condi-
tions and US imaging is ideally suited for such 
recording because it relies on measurement of 
changes in the muscle cross- sectional area/thick-
ness on tomographic US images. As the  esophagus 
shortens, related to longitudinal muscle contrac-
tion, there is a proportional increase in the mus-
cle cross-sectional area/thickness. Consequently, 
change in the muscle cross-sectional area or thick-
ness on the ultrasound images is a reliable marker 
of the longitudinal muscle contraction  [  47  ] . 
Tomographic ultrasound images can be displayed 
as  m-mode  images for the temporal display of 
changes in the muscle thickness along with the 
pressure recordings to display circular and longi-
tudinal muscle contraction simultaneously, and 
provide a complete picture of motor patterns of 
the esophagus and LES. As discussed later, US 
imaging has made it possible to understand the 
role of longitudinal muscles of the esophagus in 
LES relaxation.  

   Esophago-Gastric Junction Pressure 

 Intraluminal pressure at the EGJ, also referred to 
as the high-pressure zone (HPZ), is a measure of 
the strength of the sphincter mechanism. It is con-
tributed by the smooth muscles of LES, i.e., clasp 
and sling  fi bers along with the skeletal muscles of 
crural diaphragm. The entire length of HPZ in 
humans, under normal conditions, is approxi-
mately 3.5–4 cm, which is also the length of 
smooth muscle LES. Crural diaphragm, which 
forms the esophageal hiatus, is about 2 cm in 
length and encircles the proximal 2 cm of the HPZ 
 [  48  ] . Therefore, a portion of the LES is intra-
abdominal and a portion is located in the hiatus 

  Fig. 23.6    Swallow-induced LES relaxation by the HRM. Also shown is the effect of 2 swallows and multiple 
swallows spaced at close intervals on the duration of LES relaxation       
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itself. The intra-abdominal portion of the LES is 
frequently termed the submerged segment of the 
esophagus  [  49  ] . Animal studies show that end-
expiratory pressure at the EGJ is contributed by 
the smooth muscles of the LES and the increase 
with each inspiration is due to the contraction of 
skeletal muscles of crural diaphragm. Smooth 
muscles of LES and skeletal muscle of crural dia-
phragm have also been referred to as the internal 
and external lower esophageal sphincters  [  50,   51  ] . 
The LES is under the control of autonomic nerves, 
myenteric plexus and its own myogenic tone. On 
the other hand, crural diaphragm, like any other 
skeletal muscles, has no myogenic tone and it 

contracts through neural discharges from the 
somatic nerves (phrenic nerves). Antire fl ux bar-
rier function and transit ( fl ow) across the esophago-
gastric junction requires  fi ne coordination between 
LES and crural diaphragm, visceral and somatic 
sphincter respectively, as discussed later.  

   Asymmetry of Lower Esophageal 
Sphincter Pressure 

 The LES pressure pro fi le shows axial and cir-
cumferential asymmetry. Axial asymmetry 
implies that the peak LES pressure is located in 
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  Fig. 23.7     High-de fi nition manometry of the esophago-
gastric junction . High-de fi nition recordings of the EGJ 
in a normal individual ( a ) and in a patient with a 2 cm 
separation between the lower esophageal sphincter (LES) 
and the crural diaphragm (CD): Pressure is scaled both 

by color and de fl ection from the central axis with the 
deepest blue being −5 mmHg relative to atmospheric 
pressure. From P.J. Kahrilas et al. Gastroenterology 
2008;134:16–18 with permission       

 



328 R. Mittal

the middle of LES and decreases in the orad and 
aborad direction. On the other hand, circumfer-
ential asymmetry means that the side holes of the 
manometry catheter placed along the circumfer-
ence of a catheter at the same axial level records 
different pressures. LES pressures are greater 
toward the left side than the right side (Fig.  23.7 ). 
A number of investigators have provided differ-
ent explanations for the circumferential asymme-
try. Some felt that it is related to the extrinsic 
compression of the LES by the crus of the dia-
phragm  [  5  ] . In patients with hiatus hernia, LES 
pressure asymmetry disappears supporting the 
above hypothesis  [  52  ] . Others feel that a greater 
thickness of the LES muscle on the left compared 
to the right side is responsible for higher left-
wards pressure  [  5  ] . Different pharmacological 
properties of the clasp and sling  fi bers have also 
been considered to play an important role in cir-
cumferential pressure asymmetry  [  53  ] . Ultrasound 
images of the LES demonstrate that the LES is 
not circular and it may be that the asymmetry of 
the LES shape plays a role in the asymmetry of 
LES pressure  [  4  ] . A circular ultrasound probe sits 
in the LES closer to the left side as compared to 
the right side of the LES wall. Based on the 
Laplace law, pressure in a circular tube is inversely 
proportional to the tube radius. Based on the 
above, greater LES pressures would be expected 
on the left side as compared to the right side. The 
noncircular shape of the LES appears to be related 
to the basal LES tone. When LES pressure is 
high, as occurs soon after the swallow, LES shape 
changes to a perfectly circular shape and circum-
ferential pressure asymmetry disappears. During 
peristaltic contractions, esophageal shape is per-
fectly circular and pressures are perfectly sym-
metrical as well, supporting the hypothesis 
between shape and pressure asymmetry  [  4  ] .  

   Lower Esophageal Sphincter: Genesis 
of Tone and Neural Control 

 The LES is a unique muscle; it has its own myo-
genic tone that is modulated by neural, hormonal, 
and paracrine factors  [  54,   55  ] . Evidence for the 
myogenic tone comes from following in vitro and 

in vivo observations, (1) LES muscle strips, 
devoid of extrinsic innervations and studied 
in vitro (under no in fl uence of hormonal factors) 
show steeper length tension characteristics than 
the muscle strips from the esophagus  [  56  ] . 
Tetrodotoxin (TTX), which abolishes all intrinsic 
neural activity, does not abolish tone in the LES 
muscle strips. In the presence of TTX, nitric 
oxide and other agents that act directly on the 
muscle reduce LES tone  [  57  ] . (2) TTX does not 
abolish LES pressure in the in vivo studies  [  58  ] . 
Myogenic elements responsible for LES tone 
maintenance may be due to differences in the 
structural protein. The LES has proportionally 
more  a -actin and basic essential light chains 
LC17b, and less of a seven amino acid-inserted 
myosin isoform and caldesmon than the esopha-
geal body circular muscle  [  59  ] . LES muscle uti-
lizes more calcium from the intracellular than 
extracelluar source as compared to the esopha-
geal muscle  [  60  ] . There are also distinct intracel-
lular signaling pathways in the LES as compared 
to the esophageal body  [  61  ] . 

 From an electrophysiological point of view, the 
LES muscle is in a state of greater depolarization 
than the esophageal muscle, as evidenced by a 
higher resting membrane potential than the esoph-
agus  [  62  ] . The depolarized state of the sphincter 
muscle is suggested to be due to the resting chlo-
ride conductance  [  63  ] . Periodic spike bursts or 
increase in the depolarization result in an increase 
in the LES tonic activity. Tonic LES contraction is 
both spike-dependent and spike-independent  [  64  ] . 
Relative contribution of myogenic tone to the LES 
pressure differs in different species. In the opos-
sum, myogenic tone dominates under basal rest-
ing condition. On the other hand, in cats  [  65  ] , 
dogs  [  66  ] , and humans  [  67  ] , neural cholinergic 
drive contributes signi fi cantly to the basal LES 
tone. Atropine (15  m g/kg), which reduces excit-
atory neural cholinergic drive, reduces LES pres-
sure by 50%–70% in humans  [  68  ] . 

 Like stated earlier, LES muscles are made up 
of clasp and sling  fi bers  [  5  ] . Clasp  fi bers maintain 
stronger myogenic tone than the sling  fi bers  [  69  ]  
and sling  fi bers respond briskly to cholinergic 
agonist. Clasp  fi bers are predominantly inner-
vated by inhibitory neurons located in the body 
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of the esophagus and sling  fi bers by the  excitatory 
neurons located in the stomach  [  20,   70  ] . L-type 
calcium channels are predominantly seen in the 
clasp muscle  fi bers  [  71  ]  and there are other dif-
ferences as well in the mechanisms by which 
sling and clasp muscles contract and relax  [  72  ] . 
Differences in the properties of sling and clasp 
muscles  fi bers may be responsible for the greater 
pressure and greater cholinergic responsiveness 
of the LES pressure on the left side. Sling  fi bers 
are likely to be responsible for the maintenance 
of angle of HIS and  fl ap valve function both of 
which are considered to be important in the pre-
vention of re fl ux. 

 The myenteric plexus contains both excitatory 
and inhibitory neurons that have intrinsic activity 
and are also under the in fl uence of extrinsic vagus 
and spinal nerves. Excitatory neurons contain 
acetylcholine and substance P; inhibitory neu-
rons, on the other hand, contain vasoactive intes-
tinal peptide (VIP) and nitric oxide (NO). 
Electrical stimulation of the LES muscle strip 
that supposedly stimulates both excitatory and 
inhibitory neurons elicit relaxation suggesting 
that inhibitory in fl uence dominates over the excit-
atory one. Stimulation of the vagus and spinal 
nerve has opposite effects on the LES pressure. 
The vagus nerve, which contains  fi bers that are 
thought to innervate both excitatory and inhibi-
tory nerves, elicits only relaxation when electri-
cally stimulated  [  73  ] . The inhibitory effect is 
frequency (dose)-dependent and none of the stim-
ulus parameters induces LES contraction. The 
above does not mean that the vagus does not 
innervate excitatory neurons to the LES, it may 
be that when all, i.e., both inhibitory and excit-
atory vagus nerves  fi bers, are stimulated, inhibi-
tory in fl uence dominates, just like in vitro muscle 
strip studies  [  74  ] . Motor neurons that supply the 
LES show topographical localization in the DMV. 
Stimulation of the rostral neurons elicits LES 
contraction and caudal neurons cause LES relax-
ation; both of these effects are blocked by bilat-
eral vagotomy  [  75  ] . Above observation suggests 
that the vagus nerve contains  fi bers that impinge 
speci fi cally on either the excitatory or the inhibi-
tory neurons. Electrical stimulation of the sympa-
thetic nerves causes LES contraction that is 

mediated by  a -adrenergic receptors  [  76,   77  ] . It is 
likely that the sympathetic/spinal nerves inner-
vate myenteric neurons rather than the muscles 
directly.  b -Adrenergic stimulation, on the other 
hand, leads to LES relaxation, an effect that could 
be mediated through  b  

1
 ,  b  

2
 , or  b  

3
  receptors  [  78, 

  79  ] .  b  
3
 -receptor stimulation, unlike  b  

1
  and  b  

2
 , 

does not cause any cardiovascular side effects, 
which could be relevant for the treatment of 
esophageal motor disorders and LES hyperten-
sion. A large number of neuropeptides, hormones 
and paracrine substances that modulate LES tone, 
either increase or decrease LES pressure, as 
shown in Table  23.1 . Whether they play any 
physiological role, however, is uncertain. Studies 
in the past investigated the role of various differ-
ent types of foods including alcohol, smoking and 
caffeine on the basal LES pressure including their 
mechanism of action in the hope of understand-
ing how they may elicit gastroesophageal re fl ux.  

 Long-term recordings in the animals and 
humans show  fl uctuations or phasic pressure 
changes in the LES. Some of these are related and 
others unrelated to the gastric component of the 
migrating myoelectrical complex (MMC)  [  80–
  83  ] . Similar to small intestine, gastric MMC con-
sists of three phases: phase 1 with relatively no 
contraction in the stomach, phase 2 during which 
gastric contractions occur at irregular intervals, 
and phase 3 in which high-amplitude contraction 
occurs at the regular frequency of 3 cycles/min-
ute. During the  fi rst phase of gastric MMC, the 
LES pressure is relatively stable, but during late 
phase 2 and throughout phase 3, large-amplitude 
phasic LES contractions occur without major 
change in the basal LES pressure. LES pressure 
increases before the increase in the gastric pres-
sure and thus is important in the prevention of 
gastroesophageal re fl ux. These MMC-related 
contractions are abolished by atropine and anes-
thesia  [  82,   84  ] . Motilin, a neurohumoral agent 
released into circulation from the specialized 
cells in the wall of intestine, may be responsible 
for the MMC-related phasic LES contractions 
 [  81  ] . The LES also contracts in response to 
increases in intra-abdominal pressure related to 
abdominal compression or straight leg raise, most 
likely through a vago-vagal re fl ex  [  68,   85  ] .  
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   Swallow-Induced LES Relaxation 

 LES relaxation dysfunction is an important 
 fi nding in motor disorders of the esophagus. 
In fact, it has been suggested that the primary 
abnormality in all spastic motor disorders of the 
esophagus is actually impaired LES relaxation 
 [  45,   86,   87  ] . Therefore, understanding of how 
does a swallow induces LES relaxation is crucial. 
Swallow-induced LES relaxation is mediated via 
vagus nerve because bilateral cervical vagotomy 
and cooling of the cervical vagus nerve abolishes 
LES relaxation  [  86,   88,   89  ] . Electrical  stimulation 

of the vagus nerve causes LES relaxation in a 
dose-dependent or frequency-dependent fashion 
 [  90  ] . Since extrinsic nerves in fl uence LES mus-
cle through intrinsic or myenteric plexus, it is 
suggested that the vagus nerve  fi bers synapse 
with the inhibitory motor neurons. Acetylcholine 
is released at the presynaptic nerve endings and 
acts through the nicotinic (predominantly) and 
muscrinic (M1) receptors to activate inhibitory 
motor neurons  [  91  ] . What is released by the 
inhibitory motor neurons that causes LES relax-
ation was resolved in the 1990s to be nitric oxide. 
A series of studies in vitro and in vivo including 
some from humans strongly suggest that NO is 

   Table 23.1    Effects of some hormones and putative neu-
rotransmitters on the lower esophageal sphincter and the 
 possible sites of action: From the article Sphincter mecha-

nisms at the lower end of the esophagus. Ravinder K. 
Mittal and Raj K. Goyal; GI Motility online (2006) doi: 
10.1038/gimo14         

 Site of action 

 Agent  Effect  Circular 
smooth muscle 

 Inhibitory 
neurons 

 Excitatory 
neurons 

 Comments 

 Bombesin  Contraction  √  –  √  Releases norepinephrine from 
adrenergic neurons 

 Calcitonin gene-related 
peptide 

 Relaxation  √  √  – 

 Cholecystokinin  Biphasic  √  √  –  Inhibition overrides excitation, 
causes paradoxical excitation 
in achalasia patients 

 Dopamine  Relaxation (D 
2
 )

Contraction (D 
1
 ) 

 √  –  – 
 √  –  – 

 Galanin  Contraction  √  –  – 
 Gastric inhibitory 
polypeptide 

 Relaxation  ?  ?  ? 

 Gastrin  Contraction  √  –  – 
 Glucagon  Relaxation  √  –  –  Releases catecholamines from 

adrenal medulla 
 Histamine  Contraction  √(H 

1
 )  –  – 

 Motilin  Contraction  √  –  √ 
 Neurotensin  Contraction  √  –  – 
 Nitric oxide  Relaxation  √  –  – 
 Pancreatic polypeptide  Contraction  √  –   

 PGF 
2 a 

   Contraction  √  –  – 

 PGE 
1,2

   Relaxation  √  –  – 

 Progesterone  Relaxation  –  – 
 Secretin  Relaxation  √  –  – 
 Serotonin  Contraction  √  –  – 
 Somatostatin  Contraction  ?  ?  ? 
 Substance P  Contraction  √  –  √ 
 VIP  Relaxation  √  –  – 

   PGE  prostag   landin E,  PGF  prostaglandin F,  VIP  vasoactive intestinal peptide, √ yes, – no, ? not clear  

http://dx.doi.org/10.1038/gimo14
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the “noncholinergic, nonadrenergic” inhibitory 
neurotransmitter  [  92–  96  ]  of the LES. Other neu-
rotransmitters such as VIP, CO, and PCAP likely 
play a minor role in LES relaxation  [  97  ] . Nitric 
oxide, a gas that diffuses quickly, is not stored in 
the nerve terminals. It is synthesized quickly by 
nitric oxide synthase upon neural stimulation. In 
addition to acting on the smooth muscle, NO may 
act on the presynaptic nerve terminals to stimu-
late VIP release  [  98  ] . The role of VIP in LES 
relaxation is not clear because neurally induced 
LES relaxation is associated with an increase in 
the intracellular cyclic GMP  [  99  ]  and VIP-
induced stimulation with cyclic AMP  [  100  ] . 
Nitric oxide increases intracellular cyclic GMP 
and other intracellular messenger system to cause 
LES muscle relaxation. 

 All types of LES relaxations in vivo, i.e., 
swallow-induced, esophageal distension-induced, 
vagus nerve stimulation-induced, and spontane-
ous transient LES relaxations are associated with 
movement of the LES in the cranial direction  [  12, 
  101,   102  ] . Cranial movement with LES relax-
ation was a major issue in the 1970s because 
Dodds et al. recognized that it caused relative 
movement between the side-hole of a manometry 
catheter (recording pressure sensor) and the LES 
 [  11  ] . In order to prevent the above, animal studies 

used to pin the catheter and LES together  [  58  ] . 
For the same reasons, Dent devised the sleeve 
sensor for continuous LES pressure recording in 
humans  [  103  ] . Cranial movement of the LES is 
caused by longitudinal muscle contraction of the 
esophagus that is associated with peristalsis and 
transient LES relaxation, as discussed later. It 
turns out that a mechanical pull on the LES in the 
cranial direction, similar to what esophageal lon-
gitudinal muscle contraction does to the LES, 
activates LES relaxation through the activation of 
inhibitory motor neurons  [  104  ] . In mice, with a 
skeletal muscle esophagus and smooth muscle 
LES, vagus nerve-stimulated LES relaxation can 
be blocked by pancuronium (that abolishes 
esophageal longitudinal muscles contraction) 
 [  36  ] . It is proposed that the vagus nerve  fi bers, 
instead of forming synapse with the inhibitory 
motor neurons are actually destined toward the 
longitudinal muscles. It may be that the longitu-
dinal muscle contraction activates the stretch-
sensitive, inhibitory motor neurons of the LES 
(Fig.  23.8 ). In support of the above concept, 
Nissen fundoplication (used to treat re fl ux), 
which restricts cranial stretch on the LES pre-
vents LES relaxation  [  105  ] . It is very likely that 
the above mechanism is crucial in the antire fl ux 
action of Nissen fundoplication because it is well 

  Fig. 23.8     Vagus nerve-induced relaxation of the lower 
esophageal sphincter . Traditional view is that vagal effer-
ent  fi bers synapses with the inhibitory neuron of the LES, 
which in turn releases NO that causes LES relaxation 
( panel A ). However, based on the recent studies it may 

be that vagus nerve activates longitudinal muscles of 
the esophagus, contraction of which in turn activates 
stretch-sensitive motor inhibitory neuron of the LES. 
From Y. Jiang et al. Am J Physiol Gastrointest Liver 
Physiol 2009;297(2):G397–405 with permission       
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known that following Nissen fundoplication the 
LES does not relax completely.   

   Crural Diaphragm Contribution 
to Esophago-Gastric Junction 
and Neural Control 

 Crural and costal diaphragms, even though part 
of the same respiratory diaphragm, are actually 
two separate muscles  [  106,   107  ] . The costal dia-
phragm is primarily a ventilator muscle. On the 
other hand, crural diaphragm has two functions, 
ventilatory and “sphincter-like” action (external 
lower esophageal sphincter). Both costal and cru-
ral diaphragms are supplied by the branches of 
phrenic nerves, the motor neurons of which are 
located in the spinal cord, at the level of C5–7 
(phrenic nerve nucleus). No topographical local-
ization exists for the neurons of crural and cosal 
diaphragm in the spinal cord  [  108,   109  ] . The 
respiratory center located in the reticular forma-
tion of the medulla innervates the phrenic nerve 
nucleus in the spinal cord. Recent studies suggest 
that the vagus nerve also innervates (sensory and 
motor) the crural but not the costal diaphragm 
 [  110  ] . Retrograde tracer studies have revealed 
that a tracer injected into the crural diaphragm 
ends up in the intermediate region of the DMV. 
Stimulation of the intermediate DMV by    gluta-
mate causes relaxation of the LES and crural 
diaphragm which is mediated by the vagus nerve 
 [  111,   112  ] . 

 Measuring the contribution of the crural dia-
phragm to the EGJ pressure has been very chal-
lenging in humans, especially in the absence of 
hiatal hernia. LES and diaphragmatic sphincters 
are anatomically superimposed on each other, 
thus making differentiation dif fi cult. The crural 
diaphragm is a skeletal muscle and contracts very 
quickly. The recording  fi delity of manometric 
pressure sensors needs to be high in order to 
record the fast contractions of the crural dia-
phragm. In addition, the crural diaphragm and 
LES move with respiration and the recording 
sensor may not necessary move with it. 
Simultaneous pressure and electromyogram 
(EMG) recordings using reverse perfuse sleeve 

sensors equipped with electrodes greatly 
improved our understanding of LES biomechan-
ics  [  68,   113,   114  ] . Under resting conditions and 
at end-expiration, the EGJ pressure mostly comes 
from the smooth muscle contribution to the LES. 
The increase in EGJ pressure with each inspira-
tion is related to the crural diaphragm contraction 
(Fig.  23.9 ). Amplitude of EGJ pressure increase 
related to inspiration is directly related to the 
depth of inspiration. With maximal inspiration, 
the EGJ pressure increases from 20 mmHg to 
more than 100 mmHg. In addition, crural dia-
phragm provides tonic and sustained increased in 
the EGJ pressure during periods of abdominal 
compression, straight leg raise, and valsalva 
maneuver  [  68  ] . The best evidence for the tonic 
contraction of the diaphragmatic sphincter comes 
from a study in patients with a completely absent 
LES (latter resected due to cancer of the distal 
esophagus)  [  115  ] . In addition to the inspiratory 
pressure oscillation at the EGJ, a high-pressure 
zone also exists at end-expiration in these patients, 
which can only be related to the crural diaphragm 
contraction. Thus, the signi fi cance of the crural 
diaphragm to the antire fl ux barrier cannot be 
overstated. Contractions of the inspiratory mus-
cles of respiration produce negative intra-esopha-
geal pressure and positive intragastric pressure, 
thus increasing the pressure gradient between 
stomach and esophagus in favor of gastroesopha-
geal re fl ux. Contraction of the abdominal wall 
also increases the pressure gradient between the 
stomach and esophagus. Therefore, all involun-
tary/voluntary maneuvers that are associated with 
inspiratory and abdominal wall muscle contrac-
tions (thus an increase in the gastroesophageal 
pressure gradients) are accompanied by augmen-
tation of EGJ pressure by the crural diaphragm 
contraction, thus preventing gastroesophageal 
re fl ux  [  50  ] .  

 The crural diaphragm relaxes along with the 
LES during swallows  [  116  ]  and transient LES 
relaxation (TLESR)  [  117  ] , less completely with 
the former than latter. Fine coordination between 
the visceral (LES) and somatic (crural diaphragm) 
control mechanism is suggested to occur in the 
medullary region, like so many other cardiorespi-
ratory re fl exes. However, it was found that there 
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was no inhibition of the spontaneously active 
inspiratory motor neurons in the medullary region 
with esophageal distension, when clearly there 
was inhibition of the crural diaphragm muscle 
 [  118  ]  raising doubts if central coordination is 
the mechanism. A peripheral mechanism located 
at the level of the crural diaphragm and related to 
the stretch exerted by the esophageal longitudinal 
muscle contraction has been proposed, but the 
precise nature of such a mechanism is not under-
stood  [  119,   120  ] .  

   Transient Lower Esophageal 
Sphincter Relaxation and 
Pharmacological Inhibition 

 Motor events associated with the retrograde 
transport of stomach contents, i.e., belching, gas-
troesophageal re fl ux, regurgitation, rumination, 
and vomiting are distinct from primary and sec-
ondary peristalsis. These events begin with spon-
taneous relaxation of the LES and crural 

diaphragm (transient LES relaxation), described 
in exquisite detail in the context of gastroesopha-
geal re fl ux events. Although transient LES relax-
ation is the major mechanism of re fl ux in patients 
with re fl ux disease, both TLESR and re fl ux occur 
fairly frequently in normal healthy subjects. 
Transient LES relaxation is also the key motor 
event during rumination and vomiting (physio-
logical events). Transient LES relaxation is unre-
lated to swallow and is accompanied by 
simultaneous relaxation of the LES and crural 
diaphragm  [  117  ]  along with the inhibition of 
contraction in the body of the esophagus  [  121  ] . 
The hallmark of a TLESR is that the relaxation is 
signi fi cantly longer (>10 s) than swallow-induced 
LES relaxation (<10 s) (Fig.  23.10 )  [  122  ] . 
Although there may be minor contraction in the 
distal esophagus, the esophagus in general 
remains relatively quiescent during the TLESR 
 [  121  ] . Reverse peristalsis has been described in 
association with rumination and vomiting, events 
during which TLESR also occurs  [  123  ] . 
Contractions of the abdominal wall and costal 

  Fig. 23.9     Diaphragmatic contraction and esophago-
gastric junction pressure . Standardized diaphragmatic 
contractions of 1, 2, 4, and 6 s duration were performed. 
Note that each diaphragmatic contract results in a nega-

tive esophageal pressure, an increase in the EGJ pressure, 
and an increase in the integrated crural diaphragm EMG 
activity (DEMG). From B. Sivri et al. Gastroenterology 
1991;101:962–9 with permission       
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diaphragm, by reducing the size of the abdominal 
cavity, increase intra-gastric pressure, which pro-
vides propulsion force for the gastric contents to 
move into the esophagus and pharynx during 
vomiting and rumination. Generally, there is no 
increase in gastric pressure in association with 
gastroesophageal re fl ux.  

 Whether re fl uxed contents into the esophagus 
travel to the pharynx depends on the state of the 
upper esophageal sphincter, i.e., contraction or 
relaxation. It appears that the rapidity of esopha-
geal pressure increase caused by re fl ux is the 
major determinant for UES relaxation. Air re fl ux 
into the esophagus, especially in the upright posi-
tion that causes rapid increase in intra-esophageal 
pressure, is associated with UES relaxation  [  124  ] . 
On the other hand, liquid re fl ux, especially in the 
supine position, is associated with slower increase 
in the esophageal pressure and causes UES con-
traction  [  125  ] . 

 Retrograde transport of gastric contents and 
transient LES relaxation (TLESR) is associated 
with a unique and distinct pattern of contraction 
in the longitudinal muscle layers  [  12,   126  ] . The 
distal esophagus, i.e., just above the LES, shows 
longitudinal muscle contraction that starts right 
before the onset of LES relaxation. Longitudinal 
muscle contraction gets stronger and traverses in 
an anti-peristaltic fashion toward the proximal 
esophagus during the entire duration of transient 
LES relaxation. Circular muscles do not contract 
during the entire time of TLESR (Fig.  23.11 ). 
The LES and crural diaphragm remain relaxed 

during the entire period of longitudinal muscle 
contraction and with its cessation there is return 
of LES basal tone and crural diaphragm activity. 
During swallow-induced primary peristalsis or 
esophageal distension-induced secondary peri-
stalsis, circular and longitudinal muscle layers of 
the esophagus contract synchronously  [  127  ] . 
Therefore, it is clear that the two layers of the 
esophagus can contract together (during peristal-
sis) or longitudinal muscle may contract indepen-
dent of circular muscle (during transient LES 
relaxation)  [  126  ] . Since transient LES relaxation 
and swallow-mediated peristalsis are mediated 
via the vagus nerve and brain stem, it is likely 
that the central program generator (CPG) can ini-
tiate two distinct motor patterns in the esophagus: 
program one—responsible for aboral transport 
with swallowing, and program 2—responsible 
for the retrograde transport, of which transient 
LES relaxation is the key component. As dis-
cussed earlier, longitudinal muscle contraction of 
the distal esophagus is likely a key event that 
induces LES relaxation through the activation of 
stretch-sensitive motor neurons of the LES.  

 Spontaneous TLESRs occur only in the awake 
state  [  128,   129  ] . They are more common in the 
upright position and general anesthesia appears 
to suppress them  [  130–  132  ] . In the experimental 
setting, gastric distension is the major stimulus to 
induce transient LES relaxation  [  133–  135  ] . 
Distension-activated stretch on the gastric wall 
 [  136  ]  activates afferents in the vagus nerve that 
elicit TLESR through the central pattern 

  Fig. 23.10     Swallow-induced and transient relaxation of 
the LES . Swallow-induced LES relaxation is brief (6–8 s) 
and follows swallow-induced pharyngeal contraction. On 

the other hand, transient LES relaxation is not preceded 
by a swallow and lasts for longer duration than swallow 
(>10 s—can last up to 45 s or more)       
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 generator, DMV, and efferent vagus nerve (vago-
vagal re fl ex)  [  137  ] . Therefore, TLESR is blocked 
by cooling of the cervical vagus nerve  [  138  ] . 
TLESR frequency actually increases in the pres-
ence of a catheter in the pharynx, raising the pos-
sibility that pharyngeal receptors may be involved 
 [  139  ] . A subthreshold mechanical pharyngeal 
stimulus and low-frequency electrical stimula-
tion of the superior laryngeal nerve can elicit iso-
lated LES relaxation (without esophageal 
contractions) even though its phenotypic appear-
ance is different than that of the TLESR  [  140  ] . In 
humans, a subthreshold pharyngeal stimulus pro-
vided by injections of small amounts of water 
induces LES relaxation without crural diaphragm 
relaxation, a phenotype that also does not resem-
ble TLESR  [  141,   142  ] . Furthermore, unlike 
TLESRs, re fl ux rarely occurs during pharyngeal 
stimulated induced LES relaxations. Large num-
bers of neurotransmitters are involved in the sen-
sory or afferent limb of the vagus nerve, in the 
motor pattern generator in the brain stem, and in 
the efferent motor limb of the vagus nerve that 

mediates TLESR re fl ex  [  143  ] . Therefore, it is 
possible to interrupt TLESR by many pharmaco-
logical agents. GABA(b) agonists have been con-
sistently shown to inhibit TLESR frequency in 
animal  [  144,   145  ]  and human studies  [  146  ] . Other 
pharmacological agents that inhibit TLESR are 
atropine  [  147,   148  ] , CCK-A receptor antagonists 
 [  149  ] , morphine (mu receptor agonist)  [  150  ] , 
nitric oxide antagonists, metabotropic glutamate 
receptor subtype 5 (mGluR5) antagonists  [  151  ] , 
and cannabinoid receptor (CBR1) agonists  [  152  ] . 
All of these agents reduce the frequency of 
TLESR but do not completely abolish them. They 
also reduce the frequency of spontaneous swal-
lows. None of the above agents completely block 
swallow re fl ex and TLESR. Therefore, it is likely 
that these compounds increase the threshold of 
activation of the central program generator for 
swallow and TLESR. The site of action of these 
agents is shown in Fig.  23.12   [  153  ] . The poor 
side effect pro fi le of these medications, however, 
precludes their use in the routine treatment of 
re fl ux disease.   

  Fig. 23.11     Patterns of longitudinal muscle contraction 
during peristalsis and transient LES relaxation . Peristaltic 
contraction is associated with an aborally traversing 
simultaneous contraction of the circular and longitudinal 
muscle of the esophagus. On the other hand, transient 

lower esophageal sphincter relaxation (TLESR) is associ-
ated with contraction of the longitudinal muscle of the 
distal esophagus, in the absence of circular muscle con-
traction. From A. Babaei et al. Gastroenterology 
2008;134:1322–31 with permission       
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   Compliance of Esophago-Gastric 
Junction 

 The EGJ and LES have distinct relaxation and 
opening functions. X ray studies with  fl uoroscopy 
reveal that the bolus arrives at the LES soon 
after a swallow but it does not  fl ow across it in 
spite of the fully relaxed LES. A small increase 
in esophageal pressure (3–10 mmHg) as the per-
istaltic wave pushes the bolus into the distal 
esophagus forces open the relaxed LES to the 
diameter of the distal esophagus. Factors that 
determine EGJ and LES opening function are 
likely to be different than relaxation because the 
latter is an active and nerve-mediated process 
and the former is a passive or visco-elastic-
related property of the tissues. Opening function 
of the LES/EGJ can be measured by studying its 
 compliance. Later is studied by distending a bal-
loon at the EGJ under  fl uoroscopy to determine 

the pressure–cross-sectional area relationship. 
Barostat  [  154  ] , ultrasound imaging of the EGJ 
 [  155  ] , and more recently functional luminal 
imaging probe (FLIP) have also been used  [  156, 
  157  ]  to study EGJ compliance. These studies 
suggest that in normal subjects the hiatus (crural 
diaphragm) and not the LES is the region of 
least compliance at the EGJ. Patients with re fl ux 
disease have a more compliant EGJ than normal 
subjects  [  158,   159  ] . Some patients with achala-
sia have normal relaxation  [  160  ]  but poor com-
pliance of the LES  [  161  ] . Dysphagia following 
surgical fundoplication is also related to the 
poor EGJ compliance  [  162,   163  ] .      
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   Introduction 

 The esophagus and its sphincters perform the 
important function of transport of swallowed 
food from the pharynx to the stomach. 
Additionally, these structures are responsible for 
the prevention of re fl ux of gastric contents into 
the esophagus and airways, and for clearing the 

esophagus of gastroesophageal re fl uxate. The 
esophageal phase of deglutition is composed of a 
series of highly coordinated events that propa-
gates food or  fl uid bolus from the pharynx into 
the stomach. Under normal circumstances, this is 
the result of integration of numerous control 
mechanisms arising from the central nervous sys-
tem (CNS), enteric nervous system (ENS), and 
the musculature of the esophageal body. These 
control mechanisms also serve as a coordinating 
mechanism, tying esophageal body motor func-
tion to motor phenomena in the oropharynx, 
lower esophageal sphincter (LES) and the rest of 
the gut, as well as to the pulmonary and cardio-
vascular systems  [  1  ] . 

 An understanding of normal physiology of the 
esophageal phase of deglutition is important for 
the practicing deglutologist, as most disorders of 
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esophageal body motility can be explained by 
disruption of physiologic mechanisms at various 
levels. Esophageal motor disorders in turn have 
helped further our understanding of normal 
esophageal physiology, especially in the era of 
high-resolution manometry (HRM)  [  2,   3  ] . 
Clinical assessment of esophageal motor physiol-
ogy, therefore, gives the clinician insight into the 
function of these neuromuscular processes, and 
in some cases allows the diagnosis of speci fi c 
abnormalities of esophageal motor function. 

 This chapter will describe normal motility and 
pressure phenomena in the esophageal body and 
lay the groundwork for understanding disorders 
of the esophageal phase of deglutition. Although 
the oropharynx, upper esophageal sphincter 
(UES), and LES are structurally and functionally 
intertwined with esophageal body motility, these 
are discussed in detail elsewhere in this textbook. 
Further, cortical, brain stem and local control 
mechanisms are also discussed elsewhere, but 
will be mentioned where relevant.  

   Functional Anatomy and Physiology 

 The esophagus is a muscular tube composed of 
three distinct functional regions: the UES, the 
esophageal body (tubular esophagus), and the 
LES  [  4,   5  ] . The physiologic properties of each 
region can be evaluated by manometry. 

 The UES consists of a 2–4 cm zone of elevated 
pressure located at the junction of the pharynx 
and esophagus, formed of two striated muscles, 
the cricopharyngeus and a portion of the inferior 
pharyngeal constrictor muscle  [  6  ] . The cricopha-
ryngeus attaches to the lateral aspects of the cri-
coid cartilage, resulting in a  fl at anterior aspect 
that is resistant to deformation  [  7,   8  ] . Therefore, 
at its resting contracted state, the UES has a cres-
centic, slit-like appearance  [  6  ] . 

 The esophageal body consists of a 20–22 cm 
muscular tube, originating at the caudal extent of 
the cricopharyngeus muscle and extending to the 
proximal margin of the LES. The top 5% of the 
esophagus—roughly to the level of the aortic 
arch—consists of striated muscle. The middle 
35–40% contains both striated and smooth  muscle, 

with smooth muscle progressively replacing stri-
ated muscle—this part of the esophageal body is 
sometimes termed the “transition zone.” The dis-
tal 50–60% of the esophageal body is entirely 
smooth muscle  [  9  ] . The esophageal body is com-
posed of inner circular and outer longitudinal 
muscle layers, with a neural network called the 
myenteric plexus sandwiched between the mus-
cular layers  [  10  ] . The myenteric plexus receives 
neural input from the CNS and provides terminal 
motor innervation to the smooth muscle of the 
esophagus  [  11  ] . 

 The LES consists mainly of a 2–4 cm segment 
of asymmetrically thickened circular muscle 
 fi bers that remain tonically contracted at rest  [  12  ] . 
This resting tone is under neurogenic control 
through cholinergic innervation mediated by ace-
tylcholine, as well as myogenic tone related to 
intracellular calcium in fl ux  [  6,   12  ] . The LES 
relaxes with the act of swallowing, and with 
 distension of the esophageal body or the gastric 
fundus. Relaxation is largely mediated by 
 nonadrenergic noncholinergic (NANC) inhibitory 
neurons from the vagus nerve and the myenteric 
plexus, where the main postsynaptic neurotrans-
mitter is nitric oxide  [  13,   14  ] . 

 Advances in neuroimaging have shed light 
into the role of the cerebral cortex in the control 
of swallowing  [  15–  18  ] . The internal capsule con-
tains  fi bers of the corticobulbar tracts responsible 
for transmitting information from the cortex to 
the brain stem—emphasizing the importance of 
cortical input in regulating the brain stem swal-
lowing center  [  19  ] . Additional cortical centers 
participate in the control of swallowing. The 
efferent motor neurons controlling the oral and 
pharyngeal phases of deglutition originate in the 
trigeminal, hypoglossal, and facial nuclei  [  11  ] . 
The “swallowing center,” which serves as the 
central control site for esophageal motor function 
is located in the brain stem at the junction of the 
medulla and pons  [  11,   20  ] . It is within this center 
that afferent sensory neurons, efferent motor neu-
rons, and cortical internuclear neurons interact 
and coordinate all phases of deglutition  [  11  ] . 

 The innervation of the striated muscle part of 
the esophagus is somatic; neurons arising in the 
nucleus ambiguous travel within the vagus to 
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synapse directly on striated muscle  fi bers as 
motor endplates  [  21  ] . Peristalsis in the striated 
muscle esophagus results from a patterned, 
sequential activation of these neurons to produce 
successive activation of striated circular esopha-
geal muscles  [  21  ] . The ENS plays an integral role 
in the control and coordination of esophageal 
body peristalsis. The extrinsic innervation of the 
smooth muscle esophagus is derived from the 
dorsal motor nucleus of the vagus  [  22  ] . These 
parasympathetic preganglionic  fi bers travel 
within the vagus to synapse on neurons within 
the myenteric plexus  [  23  ] . Myenteric neurons 
supply the terminal motor innervation of the 
smooth muscle esophagus. The programming of 
peristalsis in the smooth muscle esophagus 
depends upon a precise interplay among the CNS, 
myenteric plexus, and smooth muscle of the 
esophagus. The CNS behaves as a switch that 

 initiates a peripheral program in the myenteric 
plexus and smooth muscle to produce peristalsis 
 [  9  ] . The neuromuscular mechanisms controlling 
esophageal motor function are reviewed else-
where  [  4,   24  ] .  

   Esophageal Manometry 

 Esophageal manometry consists of measurement 
of pressure phenomena at multiple sites in the 
esophagus, interpretation of which provides 
assessment of esophageal sphincters, esophageal 
muscle function, and esophageal peristalsis. 
Conventional esophageal manometry consists of 
esophageal pressure tracings obtained from sen-
sors on a motility catheter placed through the 
nostril (Fig.  24.1 ). Typically, conventional cathe-
ters have either pressure sensing side holes for 

  Fig. 24.1    Normal esophageal peristalsis on conventional 
manometry, displayed as line tracings. Pressure is depicted 
in mmHg along the  y  axis, and time in seconds along the 
 x  axis. The  closed arrow  indicates the timing of the swal-
low, in this instance a 5 mL water bolus. Notations to the 
 right  indicate the anatomic location of each sensor ( UES  

upper esophageal sphincter,  LES  lower esophageal sphinc-
ter), and the distances to the  left  indicate distance from the 
nares   . A sleeve was used to obtain LES pressures. 
Intrabolus pressure preceding peristaltic contraction is 
depicted by the  open arrow        
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use with water-perfused systems, or solid-state 
sensors capable of electronically detecting pres-
sure changes in the esophageal lumen  [  25  ] . The 
sensors are spaced at 3–5 cm intervals depending 
on the number of sensors incorporated into the 
catheter, most catheters having eight sensors 3 cm 
apart  [  26  ] . Since single-point sensors have been 
determined to be inaccurate in assessing sphinc-
ter function, a 6 cm sleeve sensor (Dent sleeve) is 
typically used to interrogate the LES  [  27  ] .  

 In the 1990s, a new form of esophageal 
manometry was introduced by Clouse et al. uti-
lizing pressure tracings from 21 pressure sensors 
1 cm apart on a water-perfused motility catheter 
system  [  28  ] . A dedicated prototypic computer 
program extrapolated “best- fi t” pressure data in 

between the 1 cm data intervals, generating 
 three-dimensional topographic contour plots of 
esophageal motor function similar to geographic 
topographic maps  [  28–  30  ] . This technique, 
termed HRM, now utilizes as many as 36 high-
 fi delity circumferential solid-state sensors incor-
porated into a  fl exible motility catheter, and 
provides colorful and easily recognizable topo-
graphic contour plots (Clouse plots, Fig.  24.2 ) of 
esophageal peristaltic events  [  31,   32  ] . Compared 
to conventional manometry, HRM procedures are 
considerably shorter in duration, mainly from 
elimination of the “stationary pull-through” 
maneuver with the modern solid-state HRM sys-
tems  [  33  ] . Further, visual recognition of motor 
patterns on Clouse plots is an important aspect of 

  Fig. 24.2    High-resolution manometry (HRM) Clouse 
plot of normal esophageal peristalsis. Pressure is depicted 
as colors,  brighter colors  indicating higher amplitudes as 
described on the scale to the  left . Distance along the 
esophagus is depicted along the  y  axis, and time in sec-
onds along the  x  axis. The Clouse plots therefore describe 
spatio-temporal relationships of pressure events to time 
and distance along the esophagus. The sphincters ( UES  
upper esophageal sphincter,  LES  lower esophageal sphinc-
ter) anchor the proximal and distal extents of the 

 esophagus. The peristaltic sequence in the esophageal 
body consists of three sequentially contracting segments: 
the striated muscle segment (S1), the proximal smooth 
muscle segment (S2), and the distal smooth muscle seg-
ment (S3). These segments are separated from each other 
by pressure troughs, and each segment has a peak pres-
sure. Intrabolus pressure exerted by the swallowed bolus 
is sometimes seen in normal peristalsis as a low-amplitude 
pressure event preceding smooth muscle contraction; this 
is accentuated when LES relaxation is incomplete       
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interpretation  [  34  ] . Advances to HRM consist of 
the addition of electrode pairs to the motility 
catheter for concurrent impedance measurements 
to allow assessment of bolus transit termed high 
resolution impedance manometry (HRIM   ), and 
the incorporation of tactile sensor technology to 
short segments of the HRM catheter for detailed 
three-dimensional assessment of sphincter anat-
omy and function (termed high-de fi nition 
manometry)  [  35,   36  ] . These techniques have been 
used in research studies, and the clinical utility of 
these advances continues to be assessed.  

 High-resolution methods offer two basic 
advances over conventional manometry;  fi rst, the 
increased number of data points obtained with 
HRM has provided for detailed inspection of 
pressure phenomena  [  28,   37,   38  ] . This advance 
has allowed detection of subtle pressure changes, 
and de fi ned peaks and troughs previously unrec-
ognized in esophageal peristaltic function. 
Esophageal body peristalsis is now understood to 
be composed of three contracting segments 
(Fig.  24.2 ), separated by distinct troughs from 
adjacent segments and the LES  [  28  ] . Further, 
these contracting segments appear to be under 
differential control, and may manifest motor dis-
turbances localized to speci fi c segments or 
troughs  [  37,   39  ] . The second advance is the 
understanding of temporal and spatial relation-
ships between pressure data, made possible by 
data interpolation and three-dimensional plotting. 
In particular, detection of abnormal LES relax-
ation has been enhanced by three-dimensional 
plotting, which has escalated the accuracy of 
achalasia diagnosis  [  3  ] . Further, HRM has facili-
tated detailed interrogation of pressure phenom-
ena in the esophageal body and across sphincters, 
and in conjunction with multichannel esophageal 
impedance measurements, has improved our 
understanding of esophageal physiology and 
pathophysiology.  

   Esophageal Peristalsis 

 Esophageal peristalsis is initiated by swallowing, 
and primary esophageal peristalsis starts when the 
peristaltic contraction passes from the pharynx 

into the upper esophagus. Therefore, esophageal 
peristalsis consists of a wave of circular muscle 
contraction that proceeds into the proximal esoph-
agus as a continuation of the forceful pharyngeal 
contraction that initiates relaxation of the UES. 
Ring-like contraction of the striated muscle in the 
proximal esophagus propagates seamlessly 
through the transition zone and down the esopha-
geal body to the level of the LES. While most 
swallowed food boluses move by gravity, esopha-
geal peristalsis strips the lumen of residual bolus 
along the esophagus to the stomach  [  40  ] . 

 At rest, the musculature of the normal esopha-
geal body generates no rhythmic contractions 
and little tone. Therefore, most intra-luminal 
pressure changes recorded in the quiescent 
esophagus are passive, arising from intra-thoracic 
pressure changes associated with respiration or 
with transmitted pressure waves from nearby car-
diovascular structures like the heart or aorta. In 
contrast, both the UES and LES are tonically 
contracted at rest, generating a baseline pressure 
pro fi le that is easily recognized on HRM. 

 Esophageal peristalsis is recorded manometri-
cally as a pressure wave that moves along the 
length of the esophagus (Fig.  24.1 ). Motor activ-
ity in the esophageal body is described by assess-
ment of pressure waves generated by esophageal 
contractions. Peristaltic function of the esopha-
gus is a composite of the proportion of wet swal-
lows that produce peristaltic pressure waves, the 
velocity of propagation of the pressure waves, 
and the characteristics of the pressure waves 
themselves  [  26  ] . A typical manometric trace is 
generated by a wet swallow (5 mL water bolus). 
Under normal circumstances, this generates pha-
ryngeal contraction and UES relaxation which 
can be identi fi ed on the pressure tracing. 
Esophageal body contraction can be seen as a 
progressive pressure wave that travels down the 
esophageal body (Fig.  24.1 ). The sensor or sleeve 
sensor at the LES demonstrates relaxation close 
to the gastric baseline, followed by LES after 
contraction before pressure settles down to the 
LES baseline pressure. 

 The amplitude of the peristaltic wave is de fi ned 
as the difference between the baseline resting 
pressure and the pressure at the peak of the 
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 pressure wave  [  26  ] . To be classi fi ed as a pressure 
wave produced by a contraction, the amplitude of 
the pressure wave should be at least 20 mmHg. 
Contractions with amplitudes <30 mmHg are 
considered by most investigators to be feeble or 
hypotensive  [  41–  43  ] . During normal peristalsis, 
the contractile wave amplitude is typically 
between 30 and 180 mmHg and rarely exceeds 
200 mmHg. Amplitudes >180 mmHg are termed 
hypertensive  [  41  ] . The amplitudes of peristaltic 
pressure waves vary along the esophagus, with 
the amplitude being greater in the proximal and 
distal esophagus than in the mid-esophagus  [  44  ] . 
This diminution in peristaltic pressure appears to 
occur over the zone of transition from striated to 
smooth muscle. The amplitudes of peristaltic 
pressure waves can normally vary from swallow 
to swallow. 

 Failure of peristalsis occurs when a wet swal-
low does not produce an esophageal contraction, 
when the peristaltic contraction dies out as it pro-
gresses down the esophagus, or when an initial 
peristaltic sequence travels part way down the 
esophagus and ends as a simultaneous contrac-
tion of the remainder of the esophageal body 
 [  42  ] . In each of these instances, bolus transit is 
abnormal  [  45  ] . Repetitive contraction is said to 
occur when the pressure wave has multiple ( ³ 2) 
peaks at least 1 s apart, with at least 10 mmHg 
drop in pressure between peaks  [  46  ] . 

 The pressure waves produced by peristaltic 
contractions traverse the length of the esophageal 
body in 5–6 s. The velocity of the pressure wave 
is determined by identifying and following the 
beginning of the upstroke of the pressure wave 
through the esophageal body, as the initial 
upstroke coincides with closure of the esophageal 
lumen by the peristaltic contraction  [  45  ] . Pressure 
waves progress at about 3 cm/s in the upper 
esophageal body, 5 cm/s along the middle of the 
esophageal body, and 2.5 cm/s just above the 
LES  [  47  ] . Most investigators consider propaga-
tion rates of greater than 6 cm/s as abnormal, as 
contractions with faster propagation rates do not 
propel the bolus effectively  [  48  ] . The duration of 
the peristaltic contraction is de fi ned as the time 
from the beginning of the upstroke of the pres-
sure wave to the time when the pressure returns 

to baseline  [  26  ] . Durations of each pressure wave 
are in the range of 2–4 s, and they tend to be of 
longer duration in the distal esophagus  [  44  ] . 

 The peristaltic pressure wave is sometimes 
preceded by a transitory fall in intra-esophageal 
pressure that lasts up to 0.5 s, which may be con-
stantly seen—the mechanism of this pressure 
drop is unclear. A transient and small increase in 
intra-luminal pressure may also precede the peri-
staltic pressure wave, occurring approximately 
1.0 s after the swallow initiates. This is thought to 
represent intrabolus pressure within the swal-
lowed bolus, as the bolus is pushed ahead of the 
peristaltic wave (Fig.  24.1 ). The amplitude of this 
intrabolus pressure is variable, and can be ele-
vated in situations where motor obstruction 
occurs, such as abnormal LES relaxation  [  49  ] . 

 Swallow-induced peristalsis is accompanied 
by longitudinal muscle contraction that shortens 
the esophagus by 2–2.5 cm  [  50–  52  ] . Longitudinal 
muscle contraction, like peristalsis, begins in the 
proximal esophagus and progresses in a cranio-
caudal sequence, but it precedes the peristaltic 
circular muscle contraction  [  44  ] . The process of 
esophageal shortening is not distinguishable as 
an intra-luminal pressure change.  

   Esophageal Contraction Segments 

 Despite marked regional differences in its neuro-
muscular makeup and control mechanisms, the 
esophagus behaves, at least super fi cially, in a 
seamless fashion as a single functional unit. 
However, on detailed evaluation of the peristaltic 
wave on HRM, esophageal peristalsis consists of 
a chain of contracting segments (Fig.  24.2 ), 
anchored at the top and bottom by relaxing 
sphincters, the UES and the LES  [  28  ] . Peristalsis 
in the esophagus therefore is segmental in nature, 
and consequently the amplitude of contractile 
waves varies along the esophageal body. 
Identi fi cation of contraction segments depends 
on locating amplitude peaks and troughs within 
and in-between contraction segments respec-
tively  [  28,   39,   53  ] . Much of this variation in con-
tractile amplitudes can be missed when peristalsis 
is evaluated with conventional esophageal 
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manometry, with a few pressure sensors which 
are distant from each other. However, this varia-
tion in amplitudes can be fully appreciated with 
HRM (Fig.  24.2 ). Following initiation of the peri-
staltic wave at the UES, a high pressure zone can 
be observed as peristalsis is propagated over the 
skeletal muscle segment of the esophageal body. 
This is followed by a conspicuous low pressure 
zone 4–6 cm below the UES, corresponding to 
the transition from skeletal to smooth muscle and 
change in innervations from the recurrent laryn-
geal nerve to the vagus nerve in the smooth mus-
cle esophagus  [  54  ] . When esophageal peristalsis 
is evaluated using HRM a second, less conspicu-
ous low pressure zone can be seen and divides the 
smooth muscle esophagus into two roughly equal 
segments  [  28  ] . 

   Upper Esophageal Sphincter 

 The UES opens during deglutition to allow pas-
sage of the swallowed bolus into the esophagus. 
Closure of the sphincter coincides with arrival of 
a powerful pharyngeal peristaltic contraction, 
seen manometrically as a rapid drop in resting 
UES pressure lasting approximately 0.5 s fol-
lowed by a rise in pressure that may exceed twice 
the resting UES pressure. This pressure wave 
may last for a second or so before returning to 
resting levels  [  6  ] .  

   Striated Muscle Esophagus 

 Contraction of the striated muscle esophagus is 
initiated following relaxation of the UES and is 
directed by sequential activation of vagal  fi bers 
via the recurrent laryngeal nerve. The striated 
muscle corresponds to the  fi rst peristaltic seg-
ment seen on HRM (S-1) (Fig.  24.2 ) and is 
approximately 5–6 cm long, measured from the 
lower margin of the UES to the  fi rst low pres-
sure zone separating the striated and smooth 
muscle of the esophageal body  [  53  ] . The stri-
ated muscle segment accounts for approximately 
a quarter of the length of the esophagus, and is 
the more consistent peristaltic segment across 

multiple swallows with only minor variation 
between swallows  [  55  ] . Peristaltic failure at this 
level does not usually occur in the absence of a 
skeletal muscle myopathy (dermatomyositis) or 
bulbar neurologic dysfunction (amyotrophic lat-
eral sclerosis, myasthenia gravis, cerebrovascu-
lar accident, etc.).  

   Transition Zone 

 The existence of a pressure trough in the mid-
esophagus has long been recognized and corre-
sponds to a transition from skeletal muscle to 
vagally controlled smooth muscle in the esopha-
geal body. This pressure trough, also termed 
intersegmental trough (IST, Fig.  24.3 ), is thought 
to represent the spatiotemporal handoff of the 
contraction sequence from the skeletal to the 
smooth muscle esophagus. The  fi rst full descrip-
tion of the transition zone was only possible fol-
lowing the introduction of HRM  [  56  ] . The 
transition zone can be easily identi fi ed as the 
nadir pressure area immediately distal to the  fi rst 
contraction segment on a HRM Clouse plot. The 
nadir pressure may dip below the 30 mmHg iso-
baric contour in 60% of swallows in normal sub-
jects  [  57  ] . The length of the transition zone is 
normally 1–2 cm and the peristaltic wave typi-
cally traverses this area in less than 1 s. While 
this pressure trough in the mid-esophagus is 
physiologic, an abnormally prolonged IST can 
potentially be associated with abnormal bolus 
transit or even dysphagia in some individuals, 
speci fi cally when the pressure trough is tempo-
rally prolonged (>1 s) or elongated (>2 cm) on 
HRM  [  54,   58  ] .   

   Smooth Muscle Esophagus 

 Analysis of peristalsis in the smooth muscle 
esophagus with HRM has demonstrated that it is 
separated into two approximately equal segments 
(S-2 and S-3),  fi rst reported by Clouse et al. in 
1991  [  28  ] . These smooth muscle contraction seg-
ments can be identi fi ed as separate, distinct enti-
ties in approximately 60% of swallows (Fig.  24.2 ). 
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Intersubject variability is much more signi fi cant 
that interswallow variability, indicating that the 
overall peristaltic pattern holds true for any given 
individual despite variation in the location of 
peak and trough pressure amplitudes within the 
smooth muscle esophagus  [  55  ] . The two smooth 
muscle segments (S-2 and S-3) measured 8–9 and 
6–7 cm in a small series of 14 normal subjects, 
accounting for 41% and 31% of esophageal 
length respectively  [  53  ] . The  fi rst of the smooth 
muscle segments is separated from the skeletal 
muscle segment by the transition zone, which can 
be detected as a dip in pressure or an actual pres-
sure trough. The two smooth muscle segments 
are separated by a second pressure trough. When 
compared to the transition zone, the second 
trough has higher amplitude, is shorter and has a 
greater variability in location along the esopha-
geal body. Additionally, this second trough is 
absent in up to 10% of normal subjects. 

 There does not appear to be a clear anatomic 
explanation for the separation of the smooth 
 muscle esophagus into two segments; however the 
existence of this trough does  fi t in with the under-

standing of esophageal neurophysiology  [  1,   59  ] . 
As described earlier in this chapter, animal studies 
have demonstrated that both excitatory cholin-
ergic and inhibitory NANC neurons are present in 
the smooth muscle esophagus  [  59  ] . The density of 
these neurons and their in fl uence on peristalsis is 
graded throughout the smooth muscle, with cho-
linergic neurons having a greater in fl uence in the 
proximal smooth muscle and NANC neurons pre-
dominating in the distal smooth muscle and in the 
LES  [  39,   59  ] . Human studies have also demon-
strated this gradient; when a cholinergic agonist, 
cisapride, is administered to normal subjects the 
contractile amplitude is greatly enhanced in the 
proximal smooth muscle segment and partially 
obliterates the pressure trough in the smooth mus-
cle esophagus     [  39  ] . Further neurophysiologic 
studies have suggested that this motor phenome-
non may be the result of central separation of 
esophageal motor control into three neuromuscu-
lar units: (1) the UES and upper striated muscle 
esophagus, (2) proximal smooth muscle of the 
esophageal body, and (3) distal smooth muscle of 
the esophageal body and LES  [  11  ] .  

  Fig. 24.3    New analysis parameters introduced by high-
resolution manometry (HRM). The intersegmental trough 
(IST, also termed the transition zone) represents a pres-
sure nadir between the skeletal and smooth muscle con-
traction segments. Normally around 1 cm in length, it can 
be extensive and can sometime correlate with dysphagia 
symptoms. Contractile front velocity (CFV) is measured 
from the proximal extent of smooth muscle contraction 
(determined by using the 30 mmHg isobaric contour) to 

the distal most portion adjacent to the lower esophageal 
sphincter (LES). There are two components to the con-
tractile front, a proximal fast component (CFV  fast ) 
responsible for bolus propagation, and a distal slow com-
ponent (CFV  slow ) responsible for esophageal emptying 
through the LES. The  point  at which CFV slows is termed 
contractile deceleration point (CDP). Time elapsed from 
UES relaxation to the CDP (distal contraction latency) 
may offer an alternate measure of peristaltic progression       
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   New Insights from HRM 

 The application of HRM has resulted in new 
insights into esophageal pressure measurements, 
and new terms are now being applied to pressure 
phenomena. At the outset, architecture and integ-
rity of the esophageal body contraction segments 
can be visually and analytically assessed. A nor-
mal pattern of three contracting segments sepa-
rated by troughs can be quickly identi fi ed by 
simple visual assessment (Fig.  24.2 ). The onscreen 
isobaric contour tool can be set at 30 mmHg to 
assess integrity of the peristaltic sequence. 
Contracting segments may be fragmented, weak 
or absent in hypomotility states  [  29,   60  ] . In con-
trast, the segments may be exaggerated, prolonged, 
and repetitive in hypermotility states  [  2,   61  ] . 

 Since the image-based paradigm of HRM dis-
plays esophageal smooth muscle peristalsis as a 
continuous contraction front, the propagation 
velocity of this contraction front can be calcu-
lated (contraction front velocity (CFV), Fig.  24.3 ) 
as the slope of the line connecting the start of 
smooth muscle contraction (proximal smooth 
muscle contraction segment or S2), and the end 
of smooth muscle contraction (distal smooth 
muscle contraction segment or S3)  [  62  ] . The 
30-mmHg isobaric contour has been used as the 
pressure threshold for predicting bolus clearance, 
and consequently, this value is used in determin-
ing the proximal and distal extents of the contrac-
tile front  [  45,   62  ] . Studies in normal volunteers 
have suggested that the upper limit of mean CFV 
(95th percentile) is 4.5 cm/s  [  62  ] . However, CFV 
is not uniform throughout the smooth muscle 
esophagus; wide variations have been docu-
mented in normal volunteers, ranging from 0.6 to 
12.4 cm/s in one report  [  63  ] . Velocity is rapid in 
the proximal aspect of the contractile front (mean 
5.1 cm/s), and slows down as the front approaches 
the LES (mean 1.7 cm/s) (Fig.  24.3 )  [  64  ] . Similar 
variations in propagation velocity were reported 
using conventional manometry, so this concept is 
not new  [  40  ] . The precise point at which the 
velocity slows down can be identi fi ed in the distal 
esophagus, and this point is termed the contrac-
tile deceleration point (CDP, Fig.  24.3 ). The CDP 
occurs at a    mean of 6 s after UES relaxation in 

normal individuals  [  63,   64  ] . Using a combination 
of HRM and  fl uoroscopy, the roles of both the 
fast and slow CFV segments have been clari fi ed. 
The fast proximal smooth muscle segment is 
instrumental in propagating the bolus through the 
smooth muscle esophagus, while the slow distal 
segment allows formation of the phrenic ampulla 
and assists emptying through the open LES  [  64  ] . 
The CDP therefore demarcates the transition 
from peristaltic conduction to ampullary empty-
ing of the swallowed bolus  [  64  ] . 

 Since CFV is not uniform throughout the 
esophagus, alternate measures may have better 
reliability in predicting peristaltic propagation. 
For instance, distal contraction latency, the time 
from UES relaxation to the CDP, may allow bet-
ter characterization of esophageal motor phe-
nomena using physiologic principles  [  63  ] . This 
measure may represent a function of esophageal 
inhibition, shorter latencies indicating abnormal 
inhibitory nerve function. If validated, this could 
serve as a surrogate measure for designation of 
esophageal motor function as peristaltic and 
simultaneous. 

 Vigor of esophageal contraction can be 
assessed by integrating amplitude and duration of 
contraction over a length of esophagus, expressed 
as pressure volume in mmHg/cm/s  [  55  ] . This 
measure assesses cumulative pressure over a 
de fi ned esophageal length for a speci fi ed time 
duration, using a pressure plane of 10 or 20 mmHg 
as the bottom of the measurement area  [  2,   55  ] . 
Using onscreen software tools, either or both 
smooth muscle contraction segments can be ana-
lyzed using this tool. When both smooth muscle 
contraction segments are interrogated simultane-
ously over a 20 mmHg baseline, this parameter is 
termed distal contractile integral (DCI). Values 
higher than 5,000 mmHg/cm/s are considered 
abnormal, and help in distinguishing hyperten-
sive from normal peristalsis  [  2  ] . When each 
smooth muscle contraction segment is separately 
interrogated, alterations in individual contraction 
segments in disease states or with pharmacologic 
manipulations can be assessed  [  39,   53  ] . For 
instance, cholinomimetic agents such as cisap-
ride have been demonstrated to preferentially 
augment pressure volume in the proximal smooth 
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muscle contraction segment  [  39  ] . Fixed mechani-
cal obstruction in the distal esophagus results in 
similar augmentation of the proximal smooth 
muscle segment, which may be a manifestation 
of a rallying effect in attempting to overcome the 
obstruction  [  53  ] . In contrast, the distal smooth 
muscle contraction segment shows augmentation 
of pressure volume in functional LES obstruction 
from an incompletely relaxing LES  [  53  ] . 

 The pressure exerted by the bolus within the 
lumen of the esophageal body can be visualized 
on HRM plots as vertical isobaric pressure com-
partmentalization between the leading edge of the 
smooth muscle contraction segments and the LES 
 [  65  ] . This pressure is termed “intrabolus pres-
sure,” and is best visualized in situations associ-
ated with abnormal LES relaxation or other 
obstructive phenomena at the gastroesophageal 
junction. With normal LES relaxation, pressure 
generated by the bolus is rapidly dissipated as the 
bolus moves past the LES into the stomach. 
Intrabolus pressure is therefore dependent on the 
post-deglutitive LES residual pressure, and can be 
measured when higher than the residual pressure. 
Consequently, with normal LES relaxation, intra-
bolus pressures are low, and maximal values are 
reported in the 11–15 mmHg range  [  66  ] . In con-
trast, when LES relaxation is abnormal or when 
 fi xed mechanical obstruction is present at the gas-
troesophageal junction, the bolus gets compart-
mentalized between the contracting smooth 
muscle and the gastroesophageal junction; intra-
bolus pressures are generally higher than 
15 mmHg, and usually greater than 25–30 mmHg 
 [  66  ] . Pan esophageal compartmentalization of 
intrabolus pressure can be seen in achalasia, 
where esophageal body peristalsis is absent and 
the LES does not relax adequately  [  3  ] . 

 The combination of high- fi delity pressure sen-
sors and impedance conductors in the same motil-
ity catheter has proved invaluable in assessing 
minimum contraction amplitudes needed for bolus 
transit. This technique, termed high resolution 
impedance manometry (HRIM), has demonstrated 
that an intact 20 mmHg isobaric contour plot in 
the esophageal body results in complete bolus 
transit  [  35,   63  ] . Breaks in the 20 mmHg isobaric 
contour plot were associated with incomplete 

bolus transit, and were seen more frequently when 
dysphagia symptoms were reported. Both small 
(2–5 cm) and large (>5 cm) breaks in the 20 mmHg 
isobaric contour plot are reported in normal vol-
unteers, with frequencies as high as 30% of wet 
swallows  [  63  ] . Such breaks can lead to fragmenta-
tion or failure of the peristaltic sequence, which 
can be seen as part of hypomotile end of the motor 
disorder spectrum  [  60  ] . Further research with the 
use of HRIM is ongoing in further characteriza-
tion of hypomotility disorders and weak 
peristalsis.   

   Conclusion 

 Esophageal peristalsis consists of a chain of 
sphincters and contracting segments, seamlessly 
coordinated by contractile and inhibitory 
in fl uences modulated through cortical, brain 
stem, and peripheral control mechanisms. In 
recent years, HRM has unveiled more of the intri-
cate mechanisms of peristalsis by providing a 
novel image-based data acquisition and display 
system that has simpli fi ed assessment of esopha-
geal peristalsis. Newer technologies, including a 
combination of HRM and impedance measure-
ments, show promise in further de fi nition of peri-
staltic function, and in better characterization of 
normal and abnormal esophageal motility.      
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  Abstract 

 Dysphagia is a symptom and not a disease. The symptom can range from 
the feeling of a simple lump in the throat with no objective physiologic 
 fi ndings of a swallowing impairment to profound dysfunction necessitat-
ing complete reliance on non-oral nutrition via tube feeding. Etiology may 
offer some indication of the expected level of dysfunction but even in 
patients suffering the same underlying disease or disorder, symptoms do 
not always correlate with the level of impairment. Clinicians need to be 
able to quantify the severity of dysphagia and estimate the effect on qual-
ity of life that this symptom causes. Patient reported outcome measures 
(PROMs) offer a reproducible, safe, and cost-effective method of estimat-
ing dysphagia severity, monitoring change over time, and assessing 
response to treatment. In order to improve the treatment of dysphagia, we 
must  fi rst be able to measure the severity of the symptom. This purpose of 
this chapter is to review some of the currently available PROMs in the 
assessment and management of dysphagia and re fl ux disease.  
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   Introduction    

 Oropharyngeal dysph   agia is the most common 
symptom following stroke and has a prevalence 
of almost 50% in people over the age of 65 years 
 [  1,   2  ] . It is estimated to be present in 16.5 million 
Americans in 2010 and is correlated with 
 mortality in rest home residents and people in 
long-term care  [  3  ] . The ubiquitous nature of this 
symptom speaks of the wide variability in 
 expression, i.e., dysphagia may be mild or severe, 
temporary or permanent, improve or progress 
over time and may be to solids, liquids, or pills 
alone or in any combination. Dysphagia may be 
associated with aspiration, pneumonia, weight 
loss, malnutrition, pulmonary abscess, and even 
death  [  4,   5  ] . The identi fi cation, appreciation, and 
quanti fi cation of dysphagia are crucial in 
 ameliorating this symptom and its potentially 
catastrophic consequences. 

 Gastroesophageal re fl ux disease (GERD) is 
one of the most prevalent disorders of the twenti-
eth century. Its prevalence has dramatically 
increased, outstripping even the obesity epidemic, 
with which it is closely correlated  [  6,   7  ] . 
Population studies report that more than 6% of 
the population of the Western world suffers daily 
heartburn or regurgitation, with 14% having 
weekly symptoms  [  8,   9  ] . Prevalence estimates in 
China range from 3.1 to 5.2% using the symp-
tom-based Montreal de fi nition of GERD  [  7,   10  ] . 
Although 20% of the population in Western soci-
eties are said to suffer from GERD, in most cases 
it is an intermittent phenomenon, which waxes 
and wanes in a seemingly random fashion  [  9,   11  ] . 
The relationship between GERD and dysphagia 
is well established. Over 35% of the patients with 
esophagitis report dysphagia, the presence of 
swallowing impairment has been associated with 
the severity of esophageal erosion, and dysphagia 
resolves in over 80% of the patients with erosive 
esophagitis who are treated with 4 weeks of pro-
ton pump inhibitor  [  12  ] . Because of the high 
prevalence of GERD and its close relationship 
with dysphagia, an understanding of the utility of 
Patient reported outcome measures (PROMs) in 
the treatment of re fl ux is also necessary. 

 PROMs are classi fi ed as either symptom 
scores or quality of life (QOL) measures. In addi-
tion, they may be part of global self-assessment 
tools or serve as stand-alone disease-speci fi c 
instruments. The use of PROMs enhances our 
diagnostic precision, and provides the ability to 
document disease severity and monitor treatment 
ef fi cacy over time. PROMs can assist patients in 
communicating their experience to clinicians, 
and may con fi rm symptoms that a patient may 
not have volunteered or realized was relevant 
 [  13  ] . This chapter will summarize common 
instruments currently used in clinical practice, 
highlighting the advantages and disadvantages 
inherent in each.  

   The Ideal Patient Reported Outcome 
Measure 

 The ideal outcome measure should be reliable 
(will consistently reproduce accurate data) and 
valid (measures what it is intended to measure) 
 [  11,   14  ] . The language used should be clear, con-
cise, and easily understood by patients. Items for 
inclusion in the instrument are typically proposed 
by clinician expert input and patient feedback 
based on item face validity and literature review. 
The initial comprehensive questionnaire should 
be piloted in a small number of patients who then 
provide feedback on the appropriateness of word-
ing and completion time of the survey. Item 
reduction and revision are achieved after admin-
istering the instrument to larger numbers of sub-
jects. After the elimination of redundant and 
poorly reproducible items, psychometric evalua-
tion is performed on the  fi nal iteration of the 
instrument. The important aspects that will be 
examined during the psychometric validation 
include test–retest reliability, responsiveness to 
change, discriminant validity (the ability to detect 
the condition in question from other broadly sim-
ilar diseases), and convergent validity (the instru-
ments’ ability in detection or quanti fi cation of the 
disease in question relative to other question-
naires measuring similar constructs)  [  11,   14–  16  ] . 
Instruments may be unidimensional, measuring 
one aspect of disease such as symptoms, or 
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 multidimensional measuring multiple aspects, 
e.g., symptoms and QOL. They may be general 
or disease speci fi c. Focus on symptoms can gen-
erate diagnostic information and severity-scaling 
information, while QOL measures can assess 
impact of the disease on one aspect of function or 
on function as a whole.  

   Symptom Scores Versus Quality-
of-Life Scores 

 Symptom scores inquire about what the patient is 
experiencing on a daily, weekly, or monthly basis. 
The timeframe is called the recall period, and 
should be tailored to capture enough instances of 
the symptom in question, while limiting recall 
bias of very long timeframes. Important informa-
tion about each symptom that may be used to 
quantify the symptom impact includes the fre-
quency with which the patient suffers the symp-
tom and at what intensity this occurs. It can be 
dif fi cult to evenly match and weigh these compo-
nents, not least due to the fact that the rating is 
subjective. For instance, does a symptom experi-
enced on a daily basis, at a low intensity create 
the same impact as a symptom experienced only 
monthly, but at high intensity? Development of 
scores should take into account these variables, 
whilst also bearing in mind that clinicians need a 
simple tool, with logical overall utility, and are 
unlikely to remember or use an instrument that 
needs complex mathematical workings to calcu-
late a score. QOL instruments estimate the over-
all and/or disease-speci fi c QOL at a single point 
in time (the survey completion date). Global 
QOL surveys usually cover several domains that 
explore the facets of daily living such as physical 
functioning and emotional well-being, and inter-
action with others such as communication, eat-
ing, and sexual relationships. Disease-speci fi c 
QOL instruments explore the impact of one path-
ological process or state, e.g., head and neck can-
cer, on the biological areas most likely to be 
affected by it. There is considerable overlap in 
how the disease can affect life experience, and in 
what people consider being signi fi cant changes. 
With numerous treatment options available for 

the same condition (often with similar cure rates), 
in many cases the impact of symptoms or QOL is 
the key factor to consider when choosing between 
treatment alternatives.  

   Patient Reported Outcome Measures 
in Dysphagia 

   Symptom Instruments for Dysphagia 

 Numerous symptom scoring instruments have 
been described for dysphagia (Table  25.1 , 
Appendix  A ). This section will discuss the 
bene fi ts and limitations of four validated surveys. 
Other PROMs not discussed here include the 
Vanderbilt Head and Neck Symptom Survey, 
EORTC-C35, EORTC-OES18, and University of 
Washington Head and Neck questionnaire.  

   Eating Assessment Tool-10 
 The Eating Assessment Tool-10 (EAT-10) is a 
ten-item, validated symptom assessment instru-
ment that asks the patients to estimate how prob-
lematic swallowing has been for them  [  17  ] . Items 
are rated on a 5-point Likert scale (0 = no prob-
lems, 4 = severe problem), and the sum total is 
calculated for an estimation of severity. Validation 
studies in both dysphagic subjects and normal 
adults identi fi ed a score greater than three as lying 
more than two standard deviations outside the 
normal range. The survey takes less than 5 min to 
complete and is currently being validated in 
Japanese, Spainish, Portugese, and Chinese 
[unpublished data]. Development of the survey 
involved multidisciplinary expert input to item 
generation and initial item reduction, followed by 
administration of a 20-item pilot questionnaire to 
a cohort of 100 normal adults, and 235 adults 
with either voice or swallowing disorders  [  17  ] . 
The ten most redundant items with poor reliabil-
ity and weak inter-item correlation were then 
removed. Internal consistency, by Cronbach’s 
alpha, was 0.96 (highly consistent) and test–retest 
reliability was excellent (0.72–0.91). The 10-item 
scale (EAT-10) was then administered to a further 
normal subject group to establish normative data 
[mean score ± SD (95% CI), 0.4 ± 1.01]. Finally, 
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the EAT-10 was administered to patients with 
 swallowing dysfunction prior to treatment, then 
following treatment, and results compared and 
assessed for responsiveness. The EAT-10 was 
elevated in all the patients with dysphagic com-
plaints or with re fl ux compared to controls. 
Comparing patients with oropharyngeal dys-
phagia, head and neck cancer, or esophageal dys-
phagia to those with re fl ux disease or voice 
disorders demonstrated signi fi cantly higher EAT-
10 scores in the  fi rst group. EAT-10 scores 
improved in all the patients after treatment, but 
showed greatest improvement in patients under-
going diverticulotomy or balloon disruption of 
strictures compared to those with re fl ux disease. 
This attests to the criterion-based validity of the 
scale, and to its ability to discriminate patient 
groups, and document response to treatment. One 
of the most important aspects of this scale is the 
ease of completion, with the average time taken 

to complete the questionnaire being less than 
5 min. The lack of subscales in this instrument 
allows simple summation of each item score to 
produce the total score, making it easier for the 
clinician to interpret the results. Advantages of 
the EAT-10 include its ability to be used in 
patients with dysphagia from various etiologies, 
its ease of administration and its simplicity in 
scoring. The primary limitation of this instrument 
is the lack of speci fi c QOL domain assessment 
and the quanti fi cation of symptom frequency.  

   MD Anderson Dysphagia Inventory 
 The MD Anderson Dysphagia Inventory 
(MDADI) is a 20-item survey divided into 3 
domains and a single global question that was 
designed to measure the impact of head and neck 
cancer and its treatment on swallowing  [  18  ] . 
Initial item development was undertaken by phy-
sician faculty experts and speech pathologists, 

   Table 25.1    Summary of selected patient reported outcome measures for dysphagia   

 Scale name 
 Number 
of items 

 Symptom 
vs. QOL  Advantages  Disadvantages 

 EAT-10 (Eating Assessment 
Tool-10) Belafsky et al.  [  17  ]  

 10  Symptom  Brevity 
 High clinical utility 
 Useful in dysphagia of any 
etiology 
 Widespread use 

 Uni-dimensional 
 Does not address symptom 
frequency 

 MDADI (MD Anderson 
Dysphagia Inventory) Chen 
et al.  [  18  ]  

 20  QOL and 
Symptom 

 Multidimensional 
 Brevity 
 High utility validity for head 
and neck cancer 
 Widespread use 

 Complex scoring system 
 Limited criterion validation 
 Only validated in head and 
neck cancer 

 SSQ (Sydney Swallowing 
Questionnaire) Wallace 
et al.  [  19  ]  

 17  Symptom  High face validity 
 Useful in dysphagia of 
various etiologies 
 Relative brevity 

 Visual analog scale 
 10 min completion time 

 MDQ (Mayo Dysphagia 
Questionnaire) Grudell 
et al.  [  20  ]  

 27  Symptom  Evaluates diverse food 
textures 
 Quanti fi es symptom 
duration, frequency, and 
severity 
 Quanti fi es heartburn, 
dysphagia, and regurgitation 

 Relatively complex scoring 
 10 min completion time 
 Validity limited to 
esophageal phase dysphagia 

 SWAL-QOL McHorney 
et al. 2000   ,  [  21  ]  

 44  QOL  Widespread use 
 Thorough research tool 
 Cross cultural application 

 Lack of symptom 
quanti fi cation 
 Long completion burdeon 
 Limited to oropharyngeal 
dysphagia 



36125 Symptom Indices for Dysphagia Assessment and Management

followed by several patient focus groups to ensure 
the face validity and apprehension of the line 
items. Item reduction was not reported. The 
instrument was administered to 100 patients 
diagnosed with head and neck cancer, and test–
retest reliability assessed by re-administration of 
the survey to 29 patients, 2 weeks after initial 
assessments. The enrolled subjects also com-
pleted the Medical Outcomes Study Short Form 
Healthy Survey (SF-36) as a comparator for dis-
criminant validity. Validity of content was estab-
lished by the initial focus group input. Criterion 
validity was reported by comparison of the 
MDADI score to a clinician-rated Performance 
Status Scale (PSS) completed by the speech 
pathologist. The concern with this comparison is 
that the MDADI is a patient-rated scale, and the 
PSS in not. Literature suggests that clinician and 
patient ratings of the same symptoms are not well 
correlated  [  11,   16,   22,   23  ] . Scoring of the MDADI 
is complex. Eighteen of the 20 items are scored 
 fi ve points for strongly agree and one point for 
strongly disagree. Two items are scored in reverse. 
The global score is scored separately. The indi-
vidual domain’s (functional, emotional, physical) 
questions’ are summed, averaged, and then the 
mean is multiplied by 20. Four separate scores 
are reported. In the validation paper, a total score 
is not reported, rather each domain score is 
reported separately. Internal consistency is 
con fi rmed by a Cronbach alpha score of 0.96 for 
the overall scale. Subscale analysis showed lower 
but acceptable values (range 0.69–0.88). Criterion 
validity of the subscales compared to the PSS 
ranges from 0.47 to 0.61 on the Spearman corre-
lation coef fi cient. These are reported as accept-
able; however, the previous notation regarding 
comparing a patient-reported scale to a clinician-
measured scale calls this into question. Correlation 
of subscales of MDADI to the SF-36 was modest. 
Perhaps more clinically relevant was the ability 
of the MDADI to differentiate patients by the site 
of tumour and the time elapsed since treatment 
completion.    The MDADI has been validated in 
Italian  [  24  ] , used as an outcome measure in 
assessing patients’ symptoms post-glossectomy 
 [  25  ] , used to compare the effects of chemoradia-
tion to surgery plus radiation for upper aerodiges-

tive tract cancer  [  26  ] , and used to assess elderly 
rest home residents for dysphagic complaints 
 [  27  ] . The advantage of the MDADI is its utility 
and evaluation in a speci fi c dysphagic population 
(head and neck cancer), its multidimensional 
QOL assessment, and its relative ease of admin-
istration. The primary disadvantages of the instru-
ment include the lack of utility outside of head 
and neck cancer and the complexity of the scor-
ing system.  

   Sydney Swallowing Questionnaire 
 Developed and reported by Wallace et al. in 
2000, the Sydney Swallowing Questionnaire 
contains 17 questions regarding physiologic 
swallowing functions  [  19  ] . It was designed to 
report mechanical swallow ability and severity 
of dysfunction in oropharyngeal dysphagia, and 
to assist clinicians in assessing response to treat-
ment. The items were generated then assessed 
for face validity by 25 experts in dysphagia. 
Initially it was tested in 45 patients with neuro-
myogenic dysphagia. This con fi rmed internal 
consistency and test–retest reliability. Factor 
analysis supported construct validity and associ-
ation of the individual items to dysphagia as a 
whole. Scoring is by visual analog scale, with 
each item scored out of 100 and a cumulative 
total calculated by summation. A higher score 
indicates worse swallow function. Discriminant 
validity was established by pre- and post-opera-
tive administration in 11 patients undergoing 
surgery for Zenker diverticulum  [  19  ] . The SSQ 
has recently been further validated by Dwivedi 
and colleagues in a cohort of 54 patients treated 
for oral and oropharyngeal cancer  [  28  ] . In 
Dwivedi’s validation study, test–retest reliability 
was high (Spearman’s rank correlation: 0.83), 
internal consistency was excellent (Cronbach’s 
alpha: 0.95), and convergent validity compared 
to the MDADI was moderately high for both 
total score and general subscale scores, 
con fi rming its utility in head and neck cancer 
patients as well as neuromyogenic dysphagic 
subjects  [  28  ] . Average completion time is 
approximately 10 min. Responsiveness of the 
survey to treatment in the head and neck popula-
tion is yet to be reported. The primary  advantages 
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of this survey are its ability to provide accurate 
disease specific information regarding oropha-
ryngeal dysphagia, ease of completion for 
patients, and simple scoring for the clinician. 
The limitations of the survey are the use of visual 
analog scales to score each component except 
one, and the lack of further validation in other 
dysphagic patient populations.  

   The Mayo Dysphagia Questionnaire 
 Developed and reported by Grudell et al. in 2007, 
the Mayo Dysphagia Questionnaire (MDQ) is a 
27-item disease-speci fi c symptom survey for 
esophageal dysphagia  [  20  ] . Many of the items 
were taken from other previously validated ques-
tionnaires  [  21,   29,   30  ] . The initial instrument 
used a 1 year to lifetime recall period. Subsequent 
iterations have used a 2 weeks and 30 days recall 
period (MDQ-2; MQD-30). The instrument uses 
a combination of dichotomous, Likert, and non-
hierarchical questions divided into three symp-
tom domains of heartburn, dysphagia, and 
regurgitation. Symptom duration, frequency, and 
severity are quanti fi ed. Concurrent validity, time 
of survey completion, and test–retest reproduc-
ibility were evaluated. Kappa values evaluating 
concurrent validity between physician patient 
interview and survey results ranged from 0.42 to 
0.97 with a mean of 0.63. Test–retest analysis 
revealed a median kappa value of 0.76 indicating 
substantial agreement. The reliability and valid-
ity of the MDQ-30 were recently evaluated by 
McElhiney et al.  [  31  ] . The authors reported good 
agreement between physician interview and 
patient survey results and good test–retest repro-
ducibility. The instrument took 10 min to com-
plete on average. The advantages of the MDQ 
include the inclusion of speci fi c domains, its rela-
tive ease of administration, the evaluation of vari-
ous food consistencies, and the incorporation of 
previously validated items. The inclusion of non-
hierarchal and multiple hierarchal items makes 
scoring slightly complex. The other disadvan-
tages include its 10-min time of completion, the 
lack of normative data, its limitation to esopha-
geal phase dysphagia, and the lack of a thorough 
construct, content, and criterion-based validity 
analysis.   

   Quality of Life Instruments 
for Dysphagia 

 General QOL Instruments utilized most com-
monly in dysphagia studies have been the Medical 
Outcomes Study Short Form-36, and the Work 
Productivity and Activity Impairment-GERD 
 [  32  ] . Although general QOL instruments have 
been widely validated in a variety of disease 
states, in most cases they contain only one or two 
questions that might capture information about 
the impact of dysphagia or re fl ux on an individu-
al’s QOL. Disease-speci fi c surveys have been 
preferred due to a better ability to examine mul-
tiple facets of dysphagia impact  [  16  ]  (Table  25.2 , 
Appendix  A ).  

   Swallowing Quality of Life 
 The SWAL-QOL (Swallowing Quality of Life) is a 
44-item self-assessment, outcomes tool speci fi cally 
designed to measure the impact of oropharyngeal 
dysphagia on daily QOL  [  21,   40–  42  ] . It was devel-
oped via a three-phase process utilizing psycho-
metric tests and patient input. A multicenter study 
recruited outpatients with oropharyngeal dys-
phagia (of any cause) that were considered stable 
by speech pathologist evaluation. Initial patient 
focus groups were conducted, some of which also 
involved caregivers, to help the study developers’ 
produce items with patient-friendly wording and 
ensure coverage of those areas the patients felt 
were most affected. Nineteen domains were 
identi fi ed and 185 items generated for initial test-
ing. This preliminary questionnaire was adminis-
tered to 106 subjects who were predominantly 
elderly white males (average age 68 years; 75% 
male; 90% Caucasian). Average test completion 
time was 56 min. Examination of items for conver-
gent validity and  fl oor and ceiling effects led to 
exclusion of 92 questions, leaving a total of 93 
items in the Phase 3 survey. During Phase 3 of sur-
vey development, the original 93 items were sepa-
rated into two distinct surveys—the SWAL-QOL 
(44-items; 10 domains) and the SWAL-CARE (15 
items; 3 domains). Although the SWAL-QOL is 
widely inclusive and informative, there is a need to 
balance the burden of  completing the survey with 
its information. Investigators felt that reducing the 
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size of the instrument would improve the utility of 
the survey overall. The shortened version was 
administered to 386 dysphagic subjects and 40 
normal swallowing subjects. Extensive psycho-

metric testing supported test–retest reliability, dis-
criminant and convergent validity, and internal 
consistency of the  fi nal instruments. Additionally 
all items were weighted with equal signi fi cance to 

   Table 25.2    Summary of selected patient reported outcome measures for re fl ux   

 Scale name 
 Number 
of items 

 Symptom 
vs. QOL  Advantages  Disadvantages 

 RDQ (Re fl ux Disease 
Questionnaire), Shaw 
et al.  [  33  ]  

 12  Symptom  Potential diagnostic utility 
 Widespread use, cross-cultural 
application 
 Heartburn, regurgitation, 
dyspepsia subscales 

 Variable scoring system 
 Questionable diagnostic 
utility over physician 
assessment 

 GIS (GERD Impact 
Scale) Jones et al.  [  13  ]  

 9  Symptom  Brevity 
 Multidimensional 
 High clinical utility 

 Questionable diagnostic 
precision 

 GERD-Q 
(Gastroesophageal 
Re fl ux Disease 
Questionnaire), Jones 
et al.  [  34  ]  

 6  Symptom  Brevity 
 Use of questions from other 
validated scales 
 High clinical utility 
 Easy scoring system 

 Limited sensitivity and 
speci fi city in diagnosis of 
GERD 
 Uni-dimensional assessment 

 Chinese GerdQ, Wong 
et al.  [  35  ]  

 7  Symptom  Brevity 
 Multidimensional frequency 
and severity evaluation 
 Easy scoring system 
 High diagnostic sensitivity/
speci fi city 

 Variable recall period 
 Lack of widespread use and 
cross-cultural validation 

 GSRS (Gastrointestinal 
Symptom Rating Scale), 
Revicki et al. 1998 

 15 
 Five 
sub-scales 

 Symptom  Multiple GI disorders—re fl ux, 
abdominal pain, constipation, 
diarrhea, indigestion 
 Widespread use, cross-cultural 
application 

 Inclusion of domains 
unrelated to re fl ux 
 Long completion time 
 Limited diagnostic utility 

 Carlsson/Dent 
questionnaire, 
QUEST, Carlsson 
et al.  [  36  ]  

 7  Symptom  Brevity 
 Widespread use 

 Relatively complex scoring 
system 
 Limited diagnostic utility 
 Lack of improvement with 
re fl ux treatment 

 QOL-RAD (Quality 
Of Life in Re fl ux And 
Ayspepsia) Wiklund 
et al. 1998 

 25 
 Five 
sub-scales 

 QOL  Multidimensional 
 Extensive validation 
 Widespread use 
 Cross-cultural application 

 Relatively long instrument 
 Includes dyspepsia 

 GERD-QOL, Chan 
et al.  [  37  ]  

 16  QOL  Brevity 
 Multidimensional 

 Complex scoring system 

 GIQLI 
(Gastrointestinal 
Quality of Life Index), 
Eypasch et al.  [  38  ]  

 36 
 Five 
sub-scales 

 QOL  Multidimensional 
 Broad GI disturbance 
assessment 
 Cross-cultural application 

 Relatively long instrument 
 Non-speci fi c for GERD 

 GERD-HRQL, 
Velanovich et al.  [  39  ]  

 11  Symptom  Brevity 
 Simple scoring system 
 Cross-cultural application 

 Limited QOL assessment 
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allow simple summation of each subscale and total 
scores. The scales displayed signi fi cantly different 
scores in subjects that were dysphagic compared to 
those without this symptom, and also differenti-
ated between oral eaters and those reliant on tube 
feeds. Despite this extensive and thorough devel-
opment process, the SWAL-QOL was not able to 
support tests of responsiveness as it was not admin-
istered pre- and post-treatments. In a subsequent 
study, McHorney and colleagues compared SWAL-
QOL scores to video fl uoroscopic swallowing study 
measures  [  22  ] . Only modest correlation was seen 
relating to oral and total transit times. This diver-
gence of results reinforces that signi fi cant physio-
logic changes are not always associated with 
self-reported QOL. How one functions on a day-
to-day basis may be more clinically relevant than 
actual physiologic variance from normal values. 
The SWAL-QOL has now been validated and 
translated into French, Dutch, and Chinese  [  43–
  45  ] , and has been utilized in patients with both 
neurogenic dysphagia, and head and neck cancer 
 [  42,   46–  49  ] . The primary advantage of this survey 
is the very thorough symptom-speci fi c documenta-
tion of an individual’s dysphagia that is gathered 
by the questionnaire due to the inclusive and com-
plete coverage of symptoms. Additionally, the sur-
vey has had extensive psychometric testing and is 
valid across cultures. It remains the only survey 
expressly developed to assess QOL in oropharyn-
geal dysphagia. The primary limitations of this 
survey are the long completion time which limits 
application in daily practice, the initial validation 
in a selective patient group (although cross-cultural 
studies support generalizability of the survey), and 
the lack of reported responsiveness to treatment.    

   Assessment, Outcome, and Quality 
of Life Tools for Re fl ux 

 The need for self-reported assessment tools in 
Gastroesophageal and Extra-esophageal re fl ux is 
illustrated by the very number of instruments 
reported and by several large multicenter, multina-
tional trials that attest to the impact that these 
chronic conditions have on patients’ well-being 

 [  8,   16,   50–  54  ] . There are a multitude of different 
survey instruments relating to GERD and extra-
esophageal re fl ux. We have selected several of the 
most frequently utilized scales (Table  25.2 ), but 
recognize that there are many that are not dis-
cussed here (GSAS, GERDyzer, ReQuest, 
ReQuest in Practice, Quality of Life after 
 Anti-re fl ux surgery (QOLARS), Heartburn QOL, 
Re fl ux-Qual (RQS), Re fl ux Questionnaire, 
EORTC-QLQ-C30, EORTC-OES18, PAGI-
QOL). 

   Symptom Assessment Tools for Re fl ux 

 Symptom inquiry tools have been developed to 
gauge the frequency and severity of symptoms 
experienced by patients. In addition to these 
PROMs, various “diagnostic” instruments have 
been developed to predict esophageal  fi ndings at 
endoscopy and pH testing. Re fl ux symptom scor-
ing systems were published as early as 1983  [  55  ] . 
A clinical assessment questionnaire for esopha-
geal symptoms was reported by Greatorex and 
Thorpe in  British Journal of Clinical Practice  as 
a guide for general practitioners regarding which 
patients may have signi fi cant esophageal pathol-
ogy. The instrument inquired about six symptoms 
(heartburn, regurgitation, dysphagia, bleeding, 
dyspepsia/indigestion, and vomiting) each rated 
on a 0–3 scale of no symptoms to worst symp-
toms. Scores greater than 4 correlated with the 
 fi ndings at ambulatory pH testing and manometry 
 [  55  ] . The scale was not diagnostic or prognostic, 
but was utilized as a guide to direct further inves-
tigation. The recognition of extra-esophageal 
manifestations of re fl ux, often termed laryngo-
pharyngeal re fl ux (LPR), has complicated the 
picture further and leads to additional diagnostic 
dilemmas  [  7,   52  ] . Classic GERD symptoms are 
often lacking in the extra-esophageal symptom 
complex, with chest pain, cough, throat clearing, 
laryngeal disorders, and asthma being listed as 
the most common re fl ux complaints  [  7,   52,   53  ] . 
The remainder of this chapter will focus on 
PROMs and diagnostic surveys for GERD 
(Table  25.2 ).  
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   Re fl ux Disease Questionnaire 

 Designed to act as a diagnostic tool for GERD, the 
12-item re fl ux disease questionnaire (RDQ) has 
now been used as both an outcome measure and as 
a diagnostic tool  [  33,   56–  58  ] . Developed by Shaw 
et al., items were generated after a literature search 
and re fi ned by expert opinion and cognitive inter-
views with patients. The initial survey contained 
22 items and was administered to 200 consecutive 
patients in primary care settings on two occasions. 
All questions were scored by Likert scale (either 
0–5 or 0–7), and the recall period was 4 weeks. At 
the second interview, an overall treatment effect 
(OTE) question was also included. Patients also 
completed the digestive health status instrument 
(DHSI) as a comparator. Factor analysis, intra-
class correlations for internal consistency, and 
convergent and discriminant item validities were 
calculated and resulted in the removal of 10 items 
from the survey. The remaining 12 items were 
grouped into three subscales—heartburn, regurgi-
tation, and dyspepsia. Convergent validity was 
assessed compared to the DHSI with moderate 
correlation (0.52). Responsiveness was estab-
lished using the OTE as a guide. Those patients 
reporting no change in symptoms (as per the OTE 
rating) at second visit ( n  = 58) were used to esti-
mate test–retest reliability, and those reporting at 
least moderate change ( n  = 59) acted as subjects 
for calculation of responsiveness. All three sub-
scales demonstrated signi fi cant alterations in 
keeping with the reported OTE change ( p  < 0.0029). 
The RDQ has subsequently been translated and 
validated in Swedish and Norwegian  [  56  ] . It has 
been used as a symptom survey to monitor symp-
tom severity over time in patients enrolled in the 
ProGERD study in Europe, showing useful stabil-
ity and reproducibility  [  57  ]  and in the Diamond 
study comparing diagnostic tools in re fl ux disease 
 [  58  ] . One interesting aspect of this survey instru-
ment is the lack of use of the word “heartburn.” 
Initial development suggested that this term was 
poorly understood by most patients, and that a 
“word picture” was better in conveying the symp-
tom, i.e., burning feeling rising up from the stom-
ach behind the breastbone  [  33  ] . The primary 
advantages of this survey are its conciseness, short 

completion time, adapted patient wording 
 describing symptoms clearly, and cross-cultural 
validation. The primary limitations are inclusion 
of more than one disease pro fi le (i.e., GERD and 
dyspepsia), long recall period, uncontrolled treat-
ment in the patient validation population, diag-
nostic accuracy equal to that of physician 
assessment, and variable scoring system. 

   GERD Impact Scale 
 Jones and colleagues proposed the Gastroeso-
phageal Re fl ux Disease Impact Scale (GIS) as a 
management tool for primary care physicians 
 [  13  ] . The survey aims to assist patients in con-
veying GERD severity and impact, and to prompt 
clinicians to inquire about re fl ux-related symp-
toms  [  13  ] . Patient and clinician (primary care 
physicians and gastroenterologists) inputs were 
used to review three draft questionnaires. GIS 
comprises nine questions with a 1-week recall 
period that may be completed in a matter of min-
utes, primarily focused on measuring frequency 
of symptom occurrence on a 4-point Likert scale 
(1 = daily, 2 = often, 3 = sometimes, 4 = never) for 
several items thought to be related to GERD 
(acid-related symptoms, chest pain, extra-esoph-
ageal symptoms, use of additional medication, 
the impact of symptoms on sleep, work, meals, 
and social occasions). Primary content validity 
was tested in 13 volunteers with GERD. The sur-
vey was then administered to 205 GERD patients 
(new diagnoses and chronic stable disease). 
Convergent and discriminant validity were 
assessed by comparison to the RDQ and 
QOLRAD (quality of life in re fl ux and dyspep-
sia) questionnaires, and responsiveness assessed 
by repetition of the survey after 2 weeks of medi-
cal treatment. Internal consistency was satisfac-
tory (Cronbach’s alpha = 0.68–0.82), and 
responsiveness was con fi rmed by inter-visit 
changes (effect size −0.32 to −1.49). Primary 
care physicians using the scale found it helped 
direct treatment decisions and assess treatment 
effectiveness. It has been utilized and reported by 
Gisbert et al. as part of the multi-national 
European RANGE (Retrospective Analysis of 
GERD) study  [  50  ] . In the 2,678 patients complet-
ing the survey, the average GIS score ranged from 
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3.30 to 3.15 (lower score equals greater impact of 
symptoms). Louis et al. reported the GIS corre-
lated well with physician-assessed GERD sever-
ity, and was sensitive to treatment changes over 
time  [  59  ] . The primary advantages of this survey 
are the multidimensionality of the survey (symp-
toms and impact of GERD) and the brevity of the 
survey. The primary limitations of this survey are 
the tendency for results to cluster around the mid-
dle of the scale that does not allow separation of 
severity and lack of diagnostic precision (GER 
vs. dyspepsia vs. functional heartburn).  

   Gastroesophageal Re fl ux Disease 
Questionnaire 
 Planned as a diagnostic and management tool for 
primary care physicians, the gastroesophageal 
re fl ux disease questionnaire (GERD-Q) is a dis-
tillation of three previously validated scales—the 
RDQ, Gastrointestinal Symptom Rating Scale 
(GSRS), and GIS (see below), wherein six items 
were selected from these scales as being the most 
speci fi c and sensitive for the diagnosis of GERD 
in the primary practice population  [  34  ] . Receiver 
operator analysis indicated a sensitivity of 65% 
and speci fi city of 71% for the diagnosis of GERD 
compared to pH-metry and symptom association 
probability (SAP), endoscopy, and trial of proton 
pump inhibitor. Development of the instrument 
occurred during the DIAMOND study—a multi-
national study of patients in primary care settings 
presenting with upper abdominal symptoms  [  34, 
  58  ] . The scale assesses the frequency of symp-
toms alone, graded by patients on a 4-point scale 
(no symptoms, 1 day, 2–3 days, and 4–7 days) 
over a 1-week recall period. Four items document 
re fl ux symptoms (heartburn, regurgitation, sleep 
disturbance due to the symptoms, and use of 
over-the-counter medications) scored positively 
from 0 to 3 (higher score demonstrates worse 
symptoms) and two items thought to be negative 
predictors of GERD (nausea and epigastric pain) 
scored negatively from 3 to 0 (with 3 = none, 
0 = worst symptoms). The total score is obtained 
by summation (range 0–18). When administered 
to 308 patients with upper abdominal symptoms, 
a cut-off score of 8 predicted high likelihood of 
GERD with 71% speci fi city and 65% sensitivity. 
There was also good correlation between heart-

burn severity at baseline and the GerdQ score.    
Responsiveness was estimated from distribution-
based analysis not a trial of treatment  [  34  ] . The 
primary advantages of this survey are the brevity 
of the instrument and the use of previously vali-
dated items. The primary limitations of this sur-
vey include moderate sensitivity and speci fi city 
in diagnosis (equal to clinical judgment in con-
trolled trials), uni-dimensional assessment, and 
lack of published reports of responsiveness in 
clinical treatment trials.  

   Chinese GERDQ 
 Reported in 1993, this 7-item questionnaire was 
written and developed in Chinese, then back-
translated to English  [  35  ] . It has no relationship 
to the GERD-Q (above) reported by Jones et al. 
The aim of the survey was to establish the diag-
nosis of GERD. Items were selected by a litera-
ture review, expert opinion, and patient focus 
group interviews. Scoring was on a 5-point Likert 
scale of symptom severity where 1 = none (no 
symptoms) and 5 = incapacitating (incapacitating 
symptoms with inability to perform daily activi-
ties or requiring a day off work     ≥≥    once daily). 
Each symptom severity rating used a different 
time period: 1 = no symptoms in the past year, 
2 = symptoms less than once a month, 3 = symp-
toms greater than once a month, 4 = symptoms 
greater than weekly, and 5 = incapacitation (daily 
symptoms). This may introduce recall bias. 
Validation was undertaken in 201 subjects (100 
patients with pH-positive or endoscopically 
proven GER) and 101 controls. The initial 20 
items were reduced to 7 items through factor and 
principal component analysis (frequency and 
severity of heartburn, frequency and severity of 
feeling of acidity in the stomach, frequency and 
severity of acid regurgitation, and frequency of 
use of “antacids”). Receiver operator characteris-
tics identi fi ed a score of 12 (sum of 7 items) as 
having 82% sensitivity and 84% speci fi city for 
identi fi cation of GERD subjects. Internal consis-
tency (Cronbach’s alpha = 0.90), test–retest reli-
ability, responsiveness, and discriminant validity 
were reported as acceptable. The survey was 
quick to complete and was suggested as a method 
to monitor frequency and severity of GERD 
symptoms, or for estimating treatment ef fi cacy. 
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The primary advantages of this survey are dual 
frequency and severity information obtained in a 
simple, easily administered scale, the higher sen-
sitivity and speci fi city of the tool for diagnostic 
use, use of pH or endoscopically proven GERD 
as the gold standard, and the easy scoring system 
for clinicians. The primary limitations are the 
variable recall period, lack of widespread use in 
the literature, and lack of cross validation of the 
survey among other groups.  

   Gastrointestinal Symptom Rating Scale 
 This disease-speci fi c symptom scale contains 15 
items that are grouped into  fi ve subscales—re fl ux, 
abdominal pain, constipation, diarrhea, and indi-
gestion. The recall period is 1 week and patients 
are asked to rate how bothersome each symptom 
has been over that time period. Scoring is by 
7-point Likert scale (0 = no discomfort, 7 = very 
severe discomfort) with higher scores indicating 
worse symptom severity  [  60  ] . The GSRS has 
been validated in German and Italian, Afrikaans, 
Hungarian, Polish, and Spanish  [  61–  64  ] . Attwood 
and colleagues utilized the GSRS (and QOL-
RAD) survey to assess treatment effects of medi-
cal therapy for GERD vs. laparoscopic 
fundoplication  [  51  ] . Interestingly, pH studies 
showed a marked difference between these two 
treatments although the patient-reported symp-
tom scales did not differ signi fi cantly between 
treatment groups  [  51  ] . The GSRS has also been 
used as a comparator for the development of other 
surveys such as the QOL-RAD  [  61  ] , and as a 
measure of impact of GERD in many studies  [  54, 
  61,   65  ] . The primary advantage of this survey is 
the widespread use allowing comparison of 
scores. The primary limitations are the inclusion 
of domains unrelated to re fl ux, the broad scoring 
scale (0–7) where a differentiation between severe 
and very severe and mild and very mild may not 
be clinically relevant or detectable, and possibly 
low sensitivity to change in re fl ux severity sug-
gested by lack of correlation to pH studies.  

   Carlsson–Dent Questionnaire 
 Reported in 1998, prior to many other scales, the 
Carlsson–Dent questionnaire (QUEST) was 
devised to assist diagnosis of GERD in primary 

practice  [  36  ] . Expert consensus was used in item 
generation. The 7-item scale begins with an ori-
entating question (really the diagnostic item) then 
enquires about exacerbating factors, relieving 
factors, effect of medications, and timing of the 
symptom. Scoring is different from question to 
question (see Appendix  A ), but summation is 
used to achieve a total score (range −7 to +18). 
Validation and accuracy studies were conducted 
in two studies recruiting subjects (439 and 538 
patients) in Sweden and the United Kingdom. 
Although scores were higher in patients with 
endoscopically proven esophagitis, the difference 
was not statistically signi fi cant. Sensitivity in 
identifying esophagitis by a cutoff score of 4 or 
greater was 70% but speci fi city was only 46%. 
A description of heartburn as a burning feeling 
rising from the stomach or lower chest up towards 
the neck’ was more readily identi fi ed by patients 
rather than “heartburn” and this symptom alone 
had a sensitivity of 73% and speci fi city of 43% 
for re fl ux disease diagnosis. Response to omepra-
zole in a double-blind study failed to correlate 
with questionnaire scores  [  36  ] . Test–retest reli-
ability, internal consistency, and discriminant 
validity were not reported  [  36  ] . Numans and De 
Wit performed another study that demonstrated 
poor diagnostic performance of the QUEST  [  66  ] . 
Danjo and colleagues in Japan compared the 
QUEST to a Japanese questionnaire [frequency 
scale for symptoms of gastroesophageal re fl ux 
disease (FSSG)] and found equal sensitivity, 
speci fi city, and accuracy between the scales  [  67  ] . 
The primary advantage of this survey is its wide-
spread usage allowing comparison of scores. The 
primary limitations of this survey are the poor 
diagnostic performance, the weak psychometric 
properties, lack of correlation with proton pump 
inhibitor treatment, and complex scoring system.   

   Quality of Life Tools: Re fl ux 

 GERD and LPR have been demonstrated to sub-
stantially reduce health-related quality of life 
(HRQL)  [  16,   23,   68,   69  ] . As there is no gold stan-
dard for diagnosis of GER or LPR, and as endo-
scopic damage is relatively rare in patients with 
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re fl ux in general, amelioration of symptoms and 
improvement in QOL may be the best measure of 
treatment success. To date, QOL ratings by 
patients do not seem to be associated with endo-
scopic mucosal injury  [  8,   11,   16,   23,   52  ] . 
Ronkainen and colleagues report that in more 
than one-third of patients with endoscopic 
esophagitis, there was no reported heartburn or 
regurgitation in the 3 months prior to endoscopy 
 [  8  ] . Impaired QOL now forms part of a de fi nition 
of gastroesophageal disease  [  10  ]  and it seems 
that clinicians and patients’ estimation of the 
effect of GERD are not equivalent, with most cli-
nicians underestimating the QOL detriment  [  8, 
  10,   11,   16,   23,   70  ] . Studies suggest that a clini-
cally meaningful impairment in QOL can be 
detected in patients suffering re fl ux symptoms on 
a weekly basis  [  8,   65  ] . 

   General Quality of Life Instruments for 
GERD 
 General QOL Instruments utilized most com-
monly in GERD studies have been the Medical 
Outcomes Study Short Form-36, Work 
Productivity and Activity Impairment-GERD, 
and the Psychological General Well-Being Index 
(PGWBI)  [  8,   23,   32,   54,   71–  73  ] . Although gen-
eral QOL instruments have been widely validated 
in a variety of disease states, in most cases they 
contain only one or two questions that might cap-
ture information about the impact of re fl ux on a 
subject’s QOL. Disease-speci fi c surveys have 
been developed for re fl ux and are preferred due 
to a better ability to discriminate the effect of 
GERD on QOL  [  11,   16,   23  ] , (Table  25.2 , 
Appendix  A ).   

   Disease-Speci fi c Quality of Life 
Instruments for GERD 

   Quality of Life in Re fl ux and dyspepsia 
 The QOLRAD or Quality of Life in Re fl ux and 
Dyspepsia survey is a multidimensional disease-
speci fi c 25-item, validated questionnaire devel-
oped by Wiklund et al.  [  61  ] . It has a 1-week recall 
period and divides the 25 items into  fi ve dimen-
sions—emotional distress, sleep disturbance, 

vitality, food/drink problems, and physical/social 
functioning. Scoring is on a 7-point Likert scale 
with lower values demonstrating more severe 
impact of disease on daily life. In validation stud-
ies, high internal consistency (Cronbach’s 
alpha = 0.88–0.97), good test–retest reliability 
( r  = 0.93), and convergent and discriminant valid-
ity have been demonstrated  [  11,   61,   74  ] . A change 
of 0.5 points has previously been reported to be 
clinically meaningful and of 1.0 point to be clini-
cally important  [  11,   62–  64,   74  ] . The QOLRAD 
has been validated in German and Italian, 
Afrikaans, Hungarian, Polish, and Spanish 
patients  [  61–  64  ] . The survey shows signi fi cant 
correlation with SF-36 domains in multiple lan-
guages supporting its construct validity. 
QOLRAD has been used as an outcome tool to 
assess the ef fi cacy of medical vs. surgical treat-
ment for GERD and Barrett’s esophagus  [  51  ] , as 
a symptom severity index for dyspepsia, and to 
assess proton pump inhibitor effect on QOL in 
GERD patients  [  75  ] . The primary advantages of 
this survey are the robust psychometric valida-
tion in multiple languages, the consistent clinical 
meaningful change value, easy scoring system, 
multidimensionality, and low completion burden. 
The primary limitations of this survey include 
encompassing dyspepsia in the survey although 
this does not seem to diminish the responsiveness 
or accuracy of the instrument in GERD patients.  

   GERD-QOL 
 This 16-item, 4-domain instrument with a 7-day 
recall period was developed initially in the 
Chinese language then translated to English, 
and is designed to speci fi cally measure HRQOL 
in patients with non-erosive and erosive GERD 
 [  37  ] . Item generation was through expert con-
sensus combined with patient feedback, and 
then factor analysis was used to remove redun-
dant or poor items. The GERD-QOL was then 
administered to 316 patients with re fl ux, of 
whom 11 repeated the questionnaire 2 weeks 
later (test–retest reliability) and 17 repeated the 
questionnaire after esomeprazole treatment 
(responsiveness). Items were presented as state-
ments and patients were asked to choose a 
response from 0 to 4 that indicated their level of 
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agreement with the statement (0 = strongly 
agree, 1 = somewhat agree, 2 = neutral, 3 = some-
what disagree, 4 = strongly disagree). Low total 
scores represent worse GERD impact. Subjects 
in the validation study also completed the SF-36, 
and a VAS scale for each item statement in the 
GERD-QOL. Finally, subjects were asked to 
rate how bad their acid regurgitation and heart-
burn had been in the last 7 days on a 4-point 
scale (0 = asymptomatic, 1 = mild, 2 = moderate, 
3 = severe). Internal consistency (Cronbach’s 
alpha = 0.64–0.88; intraclass correlation 
coef fi cient = 0.73–0.94), construct validity 
(Pearson’s correlation  r  = 0.23–0.49), and 
responsiveness ( t -test  p  < 0.001) were reported 
and adequate. Although endoscopy was per-
formed in all cases, no correlation was reported 
between endoscopy results and scale scores. 
Scoring requires addition of items in each 
domain (daily activity, treatment effect, diet, 
psychological well-being) multiplied by 100 
and divided by 4 ×  n  (items) (   for example, there 
are eight items in the daily activity scale; so the 
subscale score is determined by DA = (Q2 + Q4 
+ Q5 + Q8 + Q10 + Q11 + Q12 + Q13) × 100/32. 
The total GERD-QOL score is then achieved by 
summing the domain scores. The primary advan-
tage of this survey is the multidimensional QOL 
assessment with one total survey score. The pri-
mary limitation is the complex scoring system.  

   Gastrointestinal Quality of Life Index 
 The Gastrointestinal Quality of Life Index 
(GIQLI) assesses  fi ve dimensions (core symp-
toms, social integration, physical function, emo-
tions, and gastrointestinal symptoms) through 36 
questions, asking subjects to rate how frequently 
(on a 5-point Likert scale) a symptom has inter-
fered with their life in the past 2 weeks. Subscale 
and total scores are calculated by summation. 
Due to its breadth, it may discriminate between 
healthy subjects and those affected by GI dis-
eases, but not between GI diseases. Internal con-
sistency, test–rest reliability, and content validity 
were demonstrated, and the GIQLI has been vali-
dated in French, German, Chinese, and Spanish 
 [  11,   38,   76–  78  ] . Utilization of the GIQLI in 
patients undergoing Nissen fundoplication dem-

onstrated low pre-operative GIQLI scores when 
compared to normal subjects, with signi fi cant 
improvements in all dimensions following sur-
gery for up to 72 months  [  79  ] . Despite marked 
improvements, GIQLI scores for post-operative 
subjects remained below normal values, even 
more than 5 years after surgery  [  79  ] . The primary 
advantage of this survey is the multidimensional 
nature of symptom assessment. The primary lim-
itations include inclusion of non-GERD symp-
toms, inability to discriminate between different 
GI disorders, and the length of the survey (com-
pletion burden).  

   GERD-Health Related Quality of Life 
 Initially proposed in 1996 by Velanovich, the 
GERD-HRQL was designed to quantify typical 
GERD symptoms, and to allow assessment of 
change over time (with treatment or without) 
 [  39  ] . It has undergone minor adjustment to 
become an 11-item scale, where 10 items are 
scored by the patients from 0 to 5 (0 = no symp-
toms, to 5 = incapacitating) and a single global 
satisfaction item regarding overall disease status 
is rated as satis fi ed, neutral, or dissatis fi ed (and 
not included in the total score)  [  39,   80  ] . Total 
score can range from 0 to 50. Convergent and dis-
criminant validities were evaluated against the 
QOLARS and SF-36 surveys. Test–retest reli-
ability was con fi rmed and responsiveness tested 
with both medical and surgical therapies for 
GERD with good response. The survey has been 
translated into several languages, and is short, 
resulting in low patient completion burden. The 
primary advantages of this survey are the ease of 
completion and scoring system. The primary lim-
itations are the limited multidimensional data 
regarding QOL and lack of questions about atypi-
cal GERD symptoms.    

   Summary 

 Dysphagia is a symptom. In order to adequately 
care for persons with disorders of deglutition, 
the clinician must be able to quantify the symp-
tom of dysphagia and its effect on the patient’s 
daily life. PROMs can not only assist with the 
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diagnosis but also can help determine disease 
severity, document the effect on QOL, and evalu-
ate treatment ef fi cacy. Well-constructed, vali-
dated PROMs are inexpensive, ef fi cacious, and 
reproducible and offer insights on which to base 
management decisions. The diversity and capa-
cious number of dysphagia and re fl ux-speci fi c 
PROMs attest to their utility in the diagnosis and 
management of these disorders. We have out-
lined some of the PROMs commonly used in 
assessment, diagnosis, quanti fi cation, and man-
agement of dysphagia and re fl ux. There is no 
single  fl awless tool, rather several complemen-
tary instruments that may, in combination, give a 
complete picture of burden of disease, progres-
sion or resolution of symptoms, and treatment 
effect.       

   Appendix: Dysphagia and GER Indices 

   Eating Assessment Tool-10 
(Belafsky et al.  [  17  ] ) 

 Patient scores each statement “To what extent are 
these scenarios problematic for you?” 

 0 = no problem, 4 = severe problem
    1.    My swallowing problem has caused me to 

lose weight.  
    2.    My swallowing problem interferes with my 

ability to go out for meals.  
    3.    Swallowing liquids takes extra effort.  
    4.    Swallowing solids takes extra effort.  
    5.    Swallowing pills takes extra effort.  
    6.    Swallowing is painful.  
    7.    The pleasure of eating is affected by my 

swallowing.  
    8.    When I swallow food sticks in my throat.  
    9.    I cough when I eat.  
    10.    Swallowing is stressful.      

   MD Anderson Dysphagia Inventory 
(Chen et al.  [  18  ] ) 

 The following statements have been made by 
people who have problems with their swallow-
ing. Some of the statement may apply to you. 
Please read each statement and circle the response 

which best re fl ects your experience in the past 
week. 

 (Response options are strongly agree, agree, 
no opinion, disagree, or strongly disagree). 
 My swallowing ability limits my day-to-day 
activities.
   E2. I am embarrassed by my eating habits.  
  F1. People have dif fi culty cooking for me.  
  P2. Swallowing is more dif fi cult at the end of the 
day.  
  E7. I do not feel self-conscious when I eat.  
  E4. I am upset by my swallowing problem.  
  P6. Swallowing takes great effort.  
  E5. I do not go out because of my swallowing 
problem.  
  F5. My swallowing dif fi culty has caused me to 
lose income.  
  P7. It takes me longer to eat because of my swal-
lowing problem.  
  P3. People ask me “Why can’t you eat that?”  
  E3. Other people are irritated by my eating 
problem.  
  P8. I cough when I try to drink liquids.  
  F3. My swallowing problems limit my social and 
personal life.  
  F2. I feel free to go out to eat with my friends, 
neighbours, and relatives.  
  P5. I limit my food intake because of my swal-
lowing dif fi culty.  
  P1. I cannot maintain my weight because of my 
swallowing problem.  
  E6. I have low self-esteem because of my swal-
lowing problem.  
  P4. I feel that I am swallowing a huge amount of 
food.  
  F4. I feel excluded because of my eating habits.    

 First question scored alone. E = emotional, 
F = functional, P = physical. Items added together 
for each domain and then mean score of each 
scale multiplied by 20 to give range 0–100 for 
each scale (higher scores show better QOL).  

   Sydney Swallowing Questionnaire 
(Wallace et al.  [  19  ] ) 

 Patient scores each statement on a 100 mm VAS 
scale with left end = no dif fi culty at all and right 
end = unable to swallow at all.
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    1.    How much dif fi culty do you have swallow-
ing at present?  

    2.    How much dif fi culty do you have swallow-
ing thin liquids? (e.g., tea, soft drink, beer, 
coffee)  

    3.    How much dif fi culty do you have swallow-
ing thick liquids? (e.g., milkshakes, soups, 
custard)  

    4.    How much dif fi culty do you have swallow-
ing soft foods? (e.g., mornays, scrambled 
egg, mashed potato)  

    5.    How much dif fi culty do you have swallow-
ing hard foods? (e.g., steak, raw fruit, raw 
vegetables)  

    6.    How much dif fi culty do you have swallow-
ing dry foods? (e.g., bread, biscuits, nuts)  

    7.    Do you have any dif fi culty swallowing your 
saliva?  

    8.    Do you have any dif fi culty starting a swal-
low? (never—occurs every time I swallow)  

    9.    Do you ever have a feeling of food getting 
stuck in your throat when you swallow? 
(never—occurs every time I swallow)  

    10.    Do you ever cough or choke when swallow-
ing solid foods? (never—occurs every time I 
swallow)  

    11.    Do you ever cough or choke when swallow-
ing liquids? (never—occurs every time I 
drink)  

    12.    How long does it take you to eat an average 
meal? Less than 15 min/15–30 min/30–
45 min/45–60 min/>60 min/unable to 
swallow  

    13.    When you swallow does food or liquid go up 
behind your nose or come out of your nose? 
(never—occurs every time I swallow)  

    14.    Do you ever need to swallow more than once 
for your food to go down? (never—occurs 
every time)  

    15.    Do you ever cough up or spit out food or liq-
uids during a meal? (never—occurs every 
time)  

    16.    How do you rate the severity of your swal-
lowing problem today? (no problem—
extremely severe problem)  

    17.    How much does your swallowing problem 
interfere with your enjoyment or quality of 
life? (no interference—extreme interference)      

   Mayo Dysphagia Questionnaire- 
30 Days/2 Weeks (MDQ-30; MDQ-2) 
(McElhiney et al.  [  31  ] ; Grudell et al.  [  20  ] ) 

 Multiple different scoring systems for groups of 
items (Likert scale, dichotomous scales, hierar-
chical scales). Some questions are stem-leaf 
arrangements where patient only answers further 
questions if the stem question is positive. Subject 
may answer anywhere from 14 to 55 queries.
   Onset of dysphagia  
  Dysphagia  
  Change in dysphagia  
  Change—to what degree  
  Severity of dysphagia (categorical)  
  Severity of dysphagia (linear analog scale)  
  Degree of dysphagia today  
  Frequency of dysphagia  
  Dysphagia for liquids  
  Cold liquids, warm liquids  
  Solid food dysphagia  
  Liquid dysphagia following solid bolus 
impaction  
  Avoids oatmeal  
  Avoids banana  
  Avoids apple  
  Avoids ground meat  
  Avoids bread  
  Avoids steak/chicken  
  Dysphagia w/oatmeal  
  Dysphagia w/banana  
  Dysphagia w/apple  
  Dysphagia w/ground meat  
  Dysphagia w/bread  
  Dysphagia w/dry  fi brous solid  
  Food modi fi cations  
  Modi fi es oatmeal  
  Modi fi es banana  
  Modi fi es apple  
  Modi fi es ground meat  
  Modi fi es bread  
  Modi fi es steak/chicken  
  Pace compared to others  
  Minutes to complete a meal  
  Dysphagia for pills  
  Impaction  
  Impaction >5 min  
  Odynophagia  
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  Odynophagia following solid bolus impaction  
  Lack of odynophagia  
  Heartburn composite  
  Acid regurgitation composite  
  GERD composite  
  Seasonal allergies  
  Food allergies  
  Childhood asthma  
  Adult asthma  
  Antacids  
  H2 blockers  
  PPIs  
  Fundoplication  
  Fundoplication in the last 30 days  
  Esophagectomy  
  Esophagectomy in the last 30 days  
  Dilation  
  Dilation in the last 30 days     

   Swallowing Quality of Life (McHorney 
et al.  [  21  ] ) 

 Ten domains and symptom frequency (SP = swal-
lowing problem)
  Burden 

  Dealing with my SP is very dif fi cult.  
  SP is a major distraction in my life.   

  Eating duration 
  It takes me longer to eat than other people.  
  It takes me forever to eat a meal.   

  Eating desire 
  Most days, I don’t care if I eat or not.  
  I don’t enjoy eating anymore.  
  I’m rarely hungry anymore.   

  Food selection 
  Figuring out what I can eat is a problem for 
me.  
  It is dif fi cult to  fi nd food I both like and can 
eat.   

  Communication 
  People have a hard time understanding me.  
  It’s been dif fi cult for me to speak clearly.   

  Fear 
  I fear I may start choking when I eat food.  
  I worry about getting pneumonia.  
  I am afraid of choking when I drink liquids.  
  I never know when I am going to choke.   

  Mental health 
  My SP depresses me.  
  I get impatient dealing with my SP.  
  Being so careful when I eat or drink annoys 
me.  
  My SP frustrates me.  
  I’ve been discouraged by my SP.   

  Social 
  I do not go out to eat because of my SP.  
  My SP makes it hard to have a social life.  
  My usual activities have changed because of 
my SP.  
  Social gatherings are not enjoyable because of 
my SP.  
  My role with family/friends has changed 
because of my SP.   

  Fatigue 
  Feel exhausted  
  Feel weak  
  Feel tired   

  Sleep 
  Have trouble falling asleep.  
  Have trouble staying asleep.   

  Symptom frequency 
  Coughing  
  Choking when you eat food  
  Choking when you take liquids  
  Having thick saliva or phlegm  
  Gagging  
  Having excess salvia or phlegm  
  Drooling  
  Problems chewing  
  Food sticking in your throat  
  Food sticking in your mouth  
  Food/liquid dribbling out your mouth  
  Food/liquid coming out your nose  
  Coughing food/liquid out your mouth     

   Re fl ux Disease Questionnaire 
(Shaw et al.  [  33  ] ) 

   Three domains (heartburn, regurgitation, 
dyspepsia) 

  Acid taste frequency  
  Acid taste severity  
  Movement of materials severity  
  Movement of materials frequency  
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  Frequency of pain behind the breastbone  
  Frequency of burning behind the breastbone  
  Severity of burning behind the breastbone  
  Severity of pain behind the breastbone  
  Upper stomach burning severity  
  Upper stomach burning frequency  
  Upper stomach pain frequency  
  Upper stomach pain severity     

   GERD Impact Scale (Jones et al.  [  13  ] ) 

 Subjects make one of four responses—daily, 
often, sometimes or never
    1.    How often have you had the following 

symptoms:
   Pain in your chest or behind the 
breastbone?  
  Burning sensation in your chest or behind 
the breastbone?  
  Regurgitation or acid taste in your mouth?  
  Pain or burning in your upper stomach?  
  Sore throat or hoarseness that is related to 
your heartburn or acid re fl ux?     

    2.    How often have you had dif fi culty getting a 
good night’s sleep because of your 
symptoms?  

    3.    How often have your symptoms prevented you 
from eating or drinking any of the foods you 
like?  

    4.    How frequently have your symptoms kept you 
from being fully productive in your job or 
daily activities?  

    5.    How often do you take additional medication 
other than what the physician told you to take 
(such as Tums, Rolaids, Maalox)?      

   GerdQ (Jones et al.  [  34  ] ) 

     1.    How often did you have a burning feeling 
behind your breastbone (heartburn)?  

    2.    How often did you have stomach contents 
(liquid or food) moving upwards to your throat 
or mouth (regurgitation)?  

    3.    How often did you have a pain in the centre of 
the upper stomach?  

    4.    How often did you have nausea?  

    5.    How often did you have dif fi culty getting a 
good night’s sleep because of your heartburn 
and/or regurgitation?  

    6.    How often did you take additional medication 
for your heartburn and/or regurgitation, other 
than what the physician told you to take? (such 
as Tums, Rolaids, Maalox?)     

 Scored—0 = 0 day, 1 = 1 day, 2 = 2–3 days, 
3 =4–7 days  

   Chinese GERDQ (Wong et al.  [  35  ] ) 

 Subjects grade each item on 5-point Likert scale 
(1 = none/no symptoms past year, 2 = mild: symp-
toms can be easily ignored/less than once per 
month, 3 = moderate: awareness of symptoms but 
easily tolerated/ ³  once per month, 4 = severe: 
symptoms suf fi cient to cause an interference with 
normal activities/ ³  once daily)
    1.    Frequency of heartburn  
    2.    Severity of heartburn  
    3.    Frequency of feeling of acidity in stomach  
    4.    Severity of feeling of acidity in stomach  
    5.    Frequency of acid regurgitation  
    6.    Severity of acid regurgitation  
    7.    Frequency of “use of antacids”      

   GSRS (Gastrointestinal Symptom Rating 
Scale)    Revicki et al.  [  60  ]  

   Response scale for patients 
   1.    No discomfort at all  
    2.    Slight discomfort  
    3.    Mild discomfort  
    4.    Moderate discomfort  
    5.    Moderately severe discomfort  
    6.    Severe discomfort  
    7.    Very severe discomfort.     
   GSRS items 
   1.    Have you been bothered by stomach ache or 

pain during the past week? (Stomach ache 
refers to all kinds of aches or pains in your 
stomach or belly.)  

    2.    Have you been bothered by heartburn during 
the past week? (By heartburn we mean a burn-
ing pain or discomfort behind the breastbone 
in your chest.)  
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    3.    Have you been bothered by acid re fl ux dur-
ing the past week? (By acid re fl ux we mean 
regurgitation or  fl ow of sour or bitter  fl uid 
into your mouth.)  

    4.    Have you been bothered by hunger pains in 
the stomach or belly during the past week? 
(This hollow feeling in the stomach is asso-
ciated with the need to eat between meals.)  

    5.    Have you been bothered by nausea during 
the past week? (By nausea we mean a feel-
ing of wanting to be sick.)  

    6.    Have you been bothered by rumbling in your 
stomach or belly during the past week? 
(Rumbling refers to vibrations or noise in the 
stomach.)  

    7.    Has your stomach felt bloated during the 
past week? (Feeling bloated refers to swell-
ing in the stomach or belly.)  

    8.    Have you been bothered by burping during 
the past week? (Burping refers to bringing 
up air or gas through the mouth.)  

    9.    Have you been bothered by passing gas or 
 fl atus during the past week? (Passing gas or 
 fl atus refers to the release of air or gas from 
the bowel.)  

    10.    Have you been bothered by constipation dur-
ing the past week? (Constipation refers to a 
reduced ability to empty the bowels.)  

    11.    Have you been bothered by diarrhoea during 
the past week? (Diarrhoea refers to frequent 
loose or watery stools.)  

    12.    Have you ever been bothered by loose stools 
during the past week? (If your stools have 
been alternately hard and loose, this question 
only refers to the extent you have been both-
ered by the stools being loose.)  

    13.    Have you been bothered by hard stools dur-
ing the past week? (If your stools have been 
alternately hard and loose, this question only 
refers to the extent you have been bothered 
by the stools being hard.)  

    14.    Have you been bothered by an urgent need to 
have a bowel movement during the past 
week? (This urgent need to open your bow-
els makes you rush to the toilet.)  

    15.    When going to the toilet during the past 
week, have you had the feeling of not com-
pletely emptying your bowels? (The feeling 

that after  fi nishing a bowel movement, there 
is still more stool that needs to be passed.)      

   Carlsson–Dent Questionnaire/QUEST 
(Carlsson et al.  [  36  ] ) [Item Scoring in 
Parentheses] 

     1.    Which one of these four statements best 
describes the main discomfort you get in your 
stomach or chest? (A burning feeling rising 
from your stomach or lower chest up towards 
your neck [5], feelings of sickness or nausea 
[0], pain in the middle of your chest when you 
swallow [2], none of the above [0])  

    2.    Having chosen one of the above, please now 
choose which one of the next three statements 
best describes the timing of your main discom-
fort? (any time [−2], most often within 2 h of 
taking food [3], always at a particular time of day 
or night without any relationship to food [0])  

    3.    How do the following affect your main 
discomfort?

   Larger than usual meals (worsens [1], 
improves [−1], no effect [0])  
  Food rich in fat (worsens [1], improves 
[−1], no effect [0])  
  Strongly  fl avoured or spicy food (worsens 
[1], improves [−1], no effect [0])     

    4.    Which one of the following best describes the 
effect of indigestion medicines on your main 
discomfort? (no bene fi t [0], de fi nite relief 
within 15 min [3], de fi nite relief after 15 min 
[0], not applicable [I don’t take indigestion 
medicines] [0])  

    5.    Which of the following best describes the 
effect of lying  fl at, stooping, or bending on 
your main discomfort? (no effect [0], brings it 
on or makes it worse [1], gives relief [−1], 
don’t know [0])  

    6.    Which of the following best describes the 
effect of lifting or straining (or any other activ-
ity that makes you breathe heavily) on your 
main discomfort? (no effect [0], brings it on or 
makes it worse [1], gives relief [−1], don’t 
know [0])  

    7.    If food or acid-tasting liquid returns to your 
throat or mouth what effect does it have on 
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your main discomfort? (no effect [0], brings it 
on or makes it worse [1], gives relief [−1], 
don’t know [0])      

   Quality of Life in Re fl ux and Dyspepsia 
(Wiklund et al.  [  61  ]    ) 

 Subscales (5)
   Emotional distress  
  Sleep disturbance  
  Food/drink problems  
  Physical/social functioning  
  Vitality    

 Total score  

   GERD-QOL (Chan et al.  [  37  ] ) 

 Patients indicate rating from 0 to 4 for each item. 
(0 = strongly agree, 1 = somewhat agree, 2 = neu-
tral, 3 = somewhat disagree, 4 = strongly disagree).
    1.    Afraid to eat  
    2.    Unable to sleep  
    3.    Inconvenient to take medication regularly  
    4.    Discomfort when exercise  
    5.    Reduced social activity  
    6.    Afraid to eat or drink too much  
    7.    Disturbed by side effect of medication  
    8.    Avoided bending over  
    9.    Afraid to have favourite food and drinks  
    10.    Needed to be careful of sleeping posture  
    11.    Could not concentrate on work  
    12.    Affected sexual life  
    13.    Disturbed postprandial activities  
    14.    Frustrated to take medications regularly  
    15.    Worry that the disease will turn into a serious 

disease  
    16.    Feel anxious and distressed      

   Gastrointestinal Quality of Life Index 
(Eypasch et al.  [  38  ] ) 

 Five domains and total score, 36 items
   Symptoms  
  Emotion  
  Physical function  

  Social function  
  Medical treatment  
  Total Score     

   GERD-HRQL (Velanovich et al.  [  39  ] ) 

 Subjects rate the  fi rst 10 items (0 = no symptoms, 
1 = symptoms noticeable but not bothersome, 
2 = symptoms noticeable and bothersome, but not 
every day, 3 = symptoms bothersome every day, 
4 = symptoms affect daily activities, 5 = symp-
toms incapacitating, unable to do daily activities) 
and  fi nal item as satis fi ed/neutral/dissatis fi ed.
    1.    How bad is your heartburn?  
    2.    Heartburn when lying down?  
    3.    Heartburn when standing up?  
    4.    Heartburn after meals?  
    5.    Does heartburn change your diet?  
    6.    Does heartburn wake you from sleep?  
    7.    Do you have dif fi culty swallowing?  
    8.    Do you have pain with swallowing?  
    9.    Do you have bloating or gassy feelings?  
    10.    If you take medication, does this affect your 

daily life?  
    11.    How satis fi ed are you with your present 

condition?        
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   De fi nition 

 De fi ning dysphagia is controversial, and there is 
limited agreement as to what measure(s) one 
should use to identify it. Swallowing is generally 
measured in terms of speed of bolus movement 
through the oropharynx and structural movement 
(onset, extent, duration)  [  1–  3  ] . These measures, 
in turn, impact safety and ef fi ciency. Whatever 
measure is used, it is important to balance over-
identi fi cation with under-identi fi cation. Under-
standing performance related to healthy aging is 
critical to prevent overidenti fi cation. This is 

supported by recent research demonstrating that 
the onset of the pharyngeal swallow can occur 
caudal to the anterior faucial arch and, indeed, 
can occur inferior to the angle of the mandible in 
healthy adults, particularly as age increases, with 
increased incidence of airway invasion  [  4–  6  ] . 
These studies suggest that a speci fi c swallowing 
impairment (e.g., delayed pharyngeal swallow, 
decreased hyolaryngeal elevation), which does 
not impact safety (airway invasion) or ef fi ciency 
(postswallow residual), may not represent a clini-
cally signi fi cant impairment. Recent research has 
suggested that determining dysphagia based on a 
single swallow does not distinguish between 
healthy adults and individuals following stroke 
with and without dysphagia  [  7,   8  ] . Abnormality 
across multiple swallows appears to be a more 
robust method of de fi ning dysphagia. An excep-
tion to this rule would be an individual whose 
swallowing on a single trial is deemed so severe 
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that the patient’s safety is compromised with 
continued administration of that volume or 
consistency.  

   Prevalence/Incidence 

 Stroke is a major medical problem in the United 
States affecting approximately 700,000 individ-
uals annually and is the third leading cause of 
death  [  9  ] . The incidence of stroke is increased 
with advancing age and in particular racial groups 
such as African Americans. African Americans 
are also are more likely to have stroke at a younger 
age than Caucasians  [  10  ] . The reported incidence 
of dysphagia in stroke is variable due, in part, 
to patient selection methods (i.e., consecutive 
patients, case series) and evaluation methods 
(i.e., questionnaire, clinical swallowing evalu-
ation (CSE), instrumental methods), and as 
noted previously, how one de fi nes dysphagia. 
Determination of dysphagia based on patient 

complaint or the CSE generally underestimates 
the incidence. Dysphagia, as identi fi ed on a 
video fl uoroscopic swallow study (VFSS), occurs 
in approximately 50% of acute stroke patients 
 [  11–  13  ]  with the incidence of aspiration occur-
ring in about half of those with dysphagia  [  12,   14  ] . 
Of acute stroke patients who aspirate, 40–70% do 
so silently  [  11,   15  ] . That is, there is no overt sign 
of aspiration such as cough or voice change when 
material contacts the true vocal folds or enters the 
trachea.  

   Pathophysiology 

 The central pattern generator for swallowing is 
located in the medulla, and damage to this region 
can result in profound dysphagia. Acute and 
chronic dysphagia, however, can occur following 
a single unilateral stroke to either hemisphere. 
Similar regions important in swallowing have 
been identi fi ed with functional imaging studies in 

  Fig. 26.1    Proposed neuroanatomical model of swallow-
ing. From S.K. Daniels and M.L. Huckabee. Dysphagia 
following stroke. San Diego, CA: Plural Publishing; 2008 

with permission.  CN  cranial nerve,  NTS  nucleus tractus 
solitarius,  NA  nucleus ambiguus,  RAS  reticular activating 
system       
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healthy adults and lesion studies in stroke 
patients. These regions include the primary 
motor, supplementary motor, and primary soma-
tosensory cortices, insula, anterior cingulated, 
basal ganglia, internal capsule, as well as white 
matter pathways that connect these regions (for 
review  [  16  ] ). See Fig.  26.1  for a proposed neuro-
anatomical model of swallowing.  

 It was previously thought that dysphagia char-
acteristics were dependent on the hemisphere 
lesioned. That is, individuals with right hemi-
spheric stroke would demonstrate pharyngeal 
stage dysfunction and a greater occurrence of 
aspiration, whereas individuals with left hemi-
spheric stroke would demonstrate oral stage 
dysfunction and infrequent aspiration  [  18  ] . Recent 
research, however, contradicts this notion as 
similar patterns of swallowing are evident fol-
lowing left and right hemispheric stroke  [  19,   20  ] . 
Differences in functional swallowing, however, 
may appear worse in individuals with right hemi-
spheric damage due to cognitive de fi cits and 
reduced awareness of swallowing problems.  

   Diagnosis 

   Dysphagia Screening 

 Early detection of dysphagia in acute stroke is 
critical as it allows for immediate intervention, 
thereby reducing mortality, morbidity, length of 
hospitalization, and healthcare costs  [  21–  23  ] . 
These  fi ndings have led to the recommendation 
to screen swallowing ability in all acute stroke 
patients, regardless of stroke severity  [  21  ] . Rapid 
administration of aspirin following stroke onset 
is associated with reduced mortality and has 
resulted in the American Heart Association/
American Stroke Association (AHA/ASA) to 
recommend the administration of aspirin within 
24–48 h of stroke onset  [  24  ] . Timing of aspirin 
administration, however, is dependent upon 
screening of swallowing as AHA/ASA recom-
mends that dysphagia screening must be com-
pleted prior to the administration of food, liquid, 
or any medication, including aspirin. Completion 
of dysphagia screening prior to administration of 

oral intake was a Joint Commission guideline 
until 2010. It was removed due, in part, to a lack 
of systematically de fi ned standards as to what 
constitutes a valid dysphagia screening tool  [  25  ] . 

 While many screening dysphagia tools are 
available, few have been validated. Five recent 
dysphagia screening tools have been developed, 
validated at some level, and undergone peer 
review; four of which focus on stroke  [  26–  30  ] . 
Each screening tool has strengths and weak-
nesses. When evaluating a screening test for 
implementation, important factors to consider 
are (1) comparison of the screening against a 
gold standard (VFSS, videoendoscopic evalua-
tion of swallowing), (2) a balance between 
sensitivity and speci fi city in order not to under-
identify patients with dysphagia but also not to 
overidentify patients, (3) blinding, that is, the 
person who administers the screening should not 
be the same person who interprets the gold-
standard instrumental examination, (4) risk of 
dysphagia, not aspiration, is the outcome mea-
sured, and (5) feasibility in implementation and 
administration. Refer to volume II, chapter 2    for 
a review of speci fi c swallowing screening tools.   

   Clinical Swallowing Examination 

 Once a screening has been completed and a 
patient is identi fi ed to be at risk of dysphagia, 
speech pathologists are consulted and typically 
conduct a CSE. The purposes of the CSE are to 
(1) determine which patient warrants an instru-
mental evaluation, (2) determine if a diet should 
be initiated, maintained, or discontinued depend-
ing on the patient’s oral intake status and need 
for an instrumental swallowing evaluation, and 
(3) develop a hypotheses concerning the under-
lying swallowing impairment and potential 
management strategies.  

   Chart Review 

 Prior to completing the CSE, it is essential to 
conduct a thorough chart review. This will 
provide a clear picture of the patient and aid in 
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formulating an evaluation plan. Key pieces of 
information to glean from the chart review 
include:

   Admitting primary and co-occurring diagnosis  • 
  Medical history• 

   Particularly previous strokes      –
  Previous and/or current history of dysphagia • 
or aspiration pneumonia  
  Prior swallowing evaluations and/or treatment  • 
  Current stroke lesion site  • 
  Nutritional status  • 
  Status of ambulation and activities of daily • 
living  
  Respiratory status/recent chest X-rays  • 
  Medications, paying particular attention to • 
medications that can affect swallowing and or 
arousal/mental status     

   Communication/Cognitive Screening 

 Evaluation of cognitive, speech, voice, language, 
and praxis status is important in stroke patients 
as function in these areas may have signi fi cant 
impact on the evaluation and treatment of swal-

lowing disorders. The depth of the evaluation is 
dependent upon the cognitive-communication 
functioning of the patient. At minimum, a screen-
ing of cognition and communication should be 
completed during the initial evaluation of all 
acute stroke inpatients. Important areas to screen/
test are:

   Level of consciousness  • 
  Attention• 

   Focus/concentration   –
  Neglect      –

  Memory  • 
  Auditory comprehension  • 
  Verbal expression  • 
  Motor speech  • 
  Voice  • 
  Buccofacial apraxia  • 
  Limb apraxia    • 
 Speci fi c cognitive/communication patterns are 

evident dependent on lesion location (Table  26.1 ). 
It should be noted that this is by no means a 
comprehensive list, and a patient’s cognitive/
communication pattern resemblance to these 
patterns will vary depending on lesion location 
(i.e., Brodmann’s area) and lesion size.   

   Table 26.1    Lesion location and asso   ciated cognitive/communication de fi cits and effects on swallowing   

 Lesion 
location 

 Cognitive  Expressive 
language 

 Receptive 
language 

 Nonlanguage 
impairments 

 Effects on swallowing 

 Left 
hemisphere 

 Not typical  Impaired verbal 
output 
 Jargon/Logorrhea 
 Phonemic 
or semantic 
paraphasias 

 Impaired auditory 
comprehension 

 Apraxia of 
speech 
 Dysarthria 
 Limb apraxia 

 Unable to follow 
directions in evaluation or 
during treatment 
 Dif fi culty with using 
utensils to eat 

 Right 
hemisphere 

 Reduced attention 
 Impaired executive 
function 
 Impulsivity 
 Anosognosia/
Prosopagnosia 
 Memory impairment 
 Left neglect 

 Impaired 
recognition/
interpretation of 
paralinguistic 
features 

 Dysarthria  Unaware of coughing/
choking during meals 
 Limited monitoring of 
volume or pace of oral 
intake 
 Unable to implement 
compensatory strategies 
due to poor memory 
 Not eating food on the 
left side of the tray 

 Brainstem  Reduced arousal 
Impaired initiation 

 Dysarthria  No oral intake if unable 
to maintain alertness 

 Dysarthria  Weak cough 
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   Cranial Nerve Examination 

 Prior to completing a cranial nerve examination, 
an assessment of the integrity of oral structures 
should be made. One should note any missing 
structures or surgical repairs. The mucosa of the 
oral cavity should be inspected in terms of color 
and salivation. Dentition should be inspected 
for the number and appearance of teeth as well as 
for evidence of dental prostheses. 

 Next the clinician should evaluate the patient 
as he/she performs various motor and sensory 
tasks to determine cranial nerve function. 
Performance provides inferred insights into unob-
servable pharyngeal functioning  [  17  ] . Table  26.2  
provides details in completing the cranial nerve 
examination and potential associated oropharyn-
geal abnormalities.   

   Oral Intake 

 A thorough CSE will assess the patient’s ability to 
swallow liquids, semisolids, and solids. For safety, 
particularly for acute stroke patients, starting the 
clinical evaluation of oral intake with small liquid 
volumes is advisable to prevent complications. 
The safety of stroke patients initially self-regulat-
ing large volumes should be monitored as many 
individuals, particularly those with a right hemi-
spheric stroke, may be unaware of their dysphagia 
and continue to swallow even though coughing/
choking may be present  [  31  ] . For consistency 
across and within patients, using calibrated vol-
umes is advised; however, the patient’s self-regu-
lation of large volumes should be evaluated if 
swallowing of smaller volumes appears safe. 
Depending on results and the patient’s medical 
status, multiple trials of each consistency should 
be administered. Ideally, the examination of oral 
intake should begin with 5 ml of water/liquid, fol-
lowed by 10 ml, and self-regulated single cup 
sips. If signs/symptoms of aspiration are present 
with these discrete swallows, the clinician may 
then also wish to evaluate sequential swallowing 
of thin liquids. The clinician should also evaluate 
ingestion of semisolid, solids, and any particular 
food in which a patient/family reports to be prob-
lematic. The clinician should palpate submental 

musculature and the thyroid cartilage with each 
swallow. Although submental and thyroid palpa-
tion may assist in identifying onset of the pharyn-
geal swallow, even the most skilled clinician is 
unable to determine the location of the bolus 
within the oropharynx in relation to onset of the 
pharyngeal swallow. Palpation of the thyroid car-
tilage can also provide information on the number 
of swallows required to clear the bolus. In addi-
tion, the clinician should monitor vocal quality 
for any changes after each swallow and should 
identify throat clear, coughing, or choking which 
may be signs of aspiration. Last, with each swal-
low, the clinician should monitor labial seal, post-
swallow oral residual, and any complaints the 
patient may have. 

 Individual or a cluster of features from the 
CSE have been identi fi ed to be associated with 
dysphagia and/or aspiration. Dysphonia, dysar-
thria, weak volitional cough, abnormal gag re fl ex, 
cough, or throat clear after trial water swallows, 
and voice change after trial water swallows were 
each identi fi ed to be predictive of risk of aspira-
tion (penetration with laryngeal residual) in acute 
stroke patients  [  11  ] . However, speci fi city for each 
item was reduced, indicating that each of these 
clinical features had the potential to overidentify 
risk of aspiration. Continued research revealed 
that identi fi cation of any two of these six clinical 
features identi fi ed earlier provided the best yield 
of sensitivity (e.g., not under-identifying patients 
with actual risk of aspiration) and speci fi city 
 [  14  ] . Further research in this area has revealed 
other features such as response to a 3-oz water 
swallow test (i.e., cough, wet voice), dysphonia, 
and jaw weakness to be the best predictors of 
aspiration in stroke patients  [  32  ] .  

   Instrumental Evaluation 

 If dysphagia is suspected, an instrumental evalu-
ation is warranted and should be completed 
before any management recommendations are 
made, including implementation of compensatory 
strategies. Swallowing treatment should always 
be based on the results of the instrumental exami-
nation. The purpose of the instrumental evalua-
tion is to evaluate biomechanic and physiologic 
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   Table 26.2    Cranial nerve assessment   

 Cranial nerve  Tested by  Motor innervation  Potential implications 

 V Trigeminal  Motor 
 Jaw open to resistance 
 Jaw lateralization, bite 

 Sensory 
 Sensory to face, hard palate 
anterior tongue 

 Temporalis 
 Masseters 
 Medial and lateral 
pterygoids 
 Anterior belly of digastric 
 Mylohyoid 
 Tensor veli palatini 

 Bolus breakdown and preparation 
of solids 
 Reduced anterior hyoid movement 
with consequent 

 Decreased epiglottic de fl ection with 
intra-swallow aspiration 2° impaired 
supraglottic closure 
 Decreased opening of the upper 
esophageal sphincter with pyriform 
sinus residual and postswallow 
aspiration 

 Decreased bolus recognition/
awareness 

 VII Facial  Motor 
 Close eyes, wrinkle brow 
 Smile, kiss, whistle 
 Flatten cheeks, Lateralize 
lips 

 Sensory 
 Taste to anterior 2/3 tongue 
 Sensory to soft palate and 
 Adjacent pharyngeal wall 

 Posterior belly of digastric 
 Stylohyoid 
 Submandibular and 
sublingual glands 
 Muscles of face and lips 
(orbicularis oris) 

 Reduced elevation of hyoid 
 Decreased pharyngeal shortening 
and supraglottic compression with 
risk of intra-swallow aspiration 

 Reduced superior, posterior displace-
ment of tongue, hyoid, larynx 

 May have 2° implications for 
oral containment of the bolus with  
 premature spillage and preswallow 
pooling 
 Base of tongue to posterior 
pharyngeal wall approximation with  
 postswallow vallecular residual 

 Decreased salivation 
 IX Glosso-
pharyngeal 

 Motor 
 Gag re fl ex a  

 Sensory 
 Gag re fl ex a  
 Estimation of onset of 
swallow b  

 Stylopharyngeus 
 Taste and sensation to 
posterior 
 1/3 tongue and oral cavity, 
faucial arches 

 Reduced pharyngeal motility and 
reduced pharyngeal shortening 

 Postswallow diffuse residual 
 2° Reduced supraglottic compression

Risk of intra-swallow aspiration 
 Decreased base of tongue to posterior 
pharyngeal wall approximation 

 Postswallow vallecular residual 
 Decreased bolus recognition/
awareness 

 X Vagus  Motor 
 Vocal quality 
 Volitional cough, glottal 
coup 

 Sensory 
 Re fl exive cough 
 Inhalation cough challenge 

 Cricothyroid 
 Intrinsic/extrinsic laryngeal 
muscles (interarytenoid, 
lateral cricoarytenoid) 
 Sensory input to lower 
pharynx, larynx 
 Cricopharyngeus 

 Diminished capacity for laryngeal 
adduction 

 Intra-swallow aspiration 
 Decreased effectiveness of cough on 
aspiration (motor) 
 Silent aspiration (sensory) 
 Impairment opening of the upper 
esophageal sphincter 

 Postswallow pyriform residual 
 Postswallow aspiration 

 IX & X 
Pharyngeal 
plexus 

 See IX, X  Superior, middle and 
inferior pharyngeal 
constrictor 
 Palatoglossus 
 Palatopharyngeus 
 Salpingopharyngeus 
 Levator veli palatini 

 Poor preswallow bolus containment 
 Premature spillage and preswallow 
pooling 
 Preswallow aspiration 

 Decreased pharyngeal shortening and 
supraglottic compression

Risk of intra-swallow aspiration 

(continued)
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 Cranial nerve  Tested by  Motor innervation  Potential implications 

 XII Hypo-
glossal 

 Motor only 
 Lingual movement-superior, 
lateral 
 Protrusion, retraction 

 Intrinsic/extrinsic muscles 
of tongue 
 Genioglossus, styloglossus 
 Hyoglossus 
 Strap muscles, thyrohyoid, 
and geniohyoid when 
paired   with C1–2 (ansa 
cervicalis) 

 Poor bolus manipulation, preparation, 
and transfer 

 Lack of cohesive bolus 
 Postswallow oral residual (buccal 
and sublingual) 

 Decreased base of tongue to posterior 
pharyngeal wall approximation 

 Postswallow vallecular residual 

  From  [  17  ] , used with permission 
  a High risk of false positive 
  b Very dif fi cult to assess clinically  

Table 26.2 (continued)

function and dysfunction, determine swallowing 
safety and ef fi ciency, identify effects of compen-
satory strategies on swallowing, and determine 
the appropriate diet consistency. VFSS and videoen-
doscopic evaluation of swallowing are the two 
typical instrumental evaluations performed by 
speech pathologists to evaluate oropharyngeal 
dysphagia. Pharyngeal manometry may be 
employed to evaluate pharyngeal pressure. See 
Table  26.3  for advantages and disadvantages of 
each evaluation, particularly as they pertain to 
individuals with stroke.   

   Video fl uoroscopic Swallowing Study 

 During the VFSS, clinicians should observe 
timing, direction, and clearance of the bolus as 
well as the integrity of structural movement. 
Any anatomical abnormalities should also be 
noted. To minimize the patient’s radiation expo-
sure, swallowing tasks should be limited to 
three consistencies (liquid, solid, semisolid) 
unless additional consistencies are needed for 
testing speci fi c swallowing complaints or for use 
as compensatory strategies. The evaluation 
should begin with the patient in the lateral view. 
An anterior–posterior view can be obtained to 
distinguish between unilateral and bilateral pyri-
form sinus residual. Whenever possible, the 
patient should self-administer the trials as this is 
the most natural condition and will provide the 
best representation of typical feeding behaviors. 

If the patient is capable of self-administration, 
then the clinician should premeasure bolus 
volumes and present them to the patient to ensure 
safe and consistent trials. This is of particular 
concern when evaluating individuals with frontal 
lobe or right hemisphere lesions as they can 
exhibit reduced inhibition, judgment, and impulse 
control. Two to three trials of each volume and 
consistency should be presented  [  33  ] . Bolus 
administration should begin with 5 ml of thin 
liquid barium. As a verbal cue to swallow can 
affect timing of oral and pharyngeal transfer  [  34  ] , 
this should be omitted if at all possible. If 
signi fi cant aspiration or postswallow residual is 
not identi fi ed with the 5 ml volume, continue 
with 10 ml of thin liquid, followed by self-regulated 
cup sip (or straw sip if this is how the patient 
normally ingests liquid). Next, proceed to 5 ml of 
a puree/semisolid texture. Finally, present the 
solid texture consisting of half of a cookie or 
cracker topped with barium. Depending on the 
result of the liquid trials and if signi fi cant aspira-
tion is not evident, the patient should sequentially 
swallow a large volume (e.g., 100 ml) of thin 
liquid barium as the biomechanics of sequential 
swallowing has been proven to be different than 
discrete swallows  [  4,   35  ] . If the patient demon-
strates consistent airway invasion or postswallow 
residual, then evaluate the effects of applied 
compensatory strategies. Figure  26.2  provides an 
example of a VFSS protocol. Progression through 
the  fl owchart is, of course, dependent upon each 
patient’s speci fi c characteristics.   
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   Videoendoscopic Evaluation 
of Swallowing 

 As noted in Table  26.3 , VFSS allows the clinician 
to evaluate the oral, pharyngeal, and esophageal 
stages of swallowing. The oral stage of swallow-
ing, in particularly can be affected by stroke and 
negatively impact pharyngeal functioning. Hence, 
an instrumental evaluation that allows for exami-
nation of all swallowing stages may be preferred 
by some clinicians. Videoendoscopy, however, 
has very speci fi c advantages and may be the 
preferred evaluation method. Patients that are 
too medically fragile to transport to radiology or 
who are ventilator dependent may be eligible for 
videoendoscopy, as it is portable and can be 
administered at bedside. Moreover, there is no 
time limitation, real food can be administered, 
and secretion management can be evaluated. 

 Patients should be positioned sitting as upright 
as possible, but unlike VFSS, exact positioning 
is much more  fl exible. Once inserted, the scope 

itself may need to be repositioned to obtain the 
ideal view of laryngeal and pharyngeal structures. 
Prior to administering actual food and/or liquid, 
it is important to observe the appearance and 
symmetry of all structures and the location, 
quantity, and consistency of secretions. Integrity 
of structures should be assessed as well, includ-
ing velopharyngeal competence/suf fi ciency, true 
vocal fold adduction, ability and duration of 
breath holding, and sensation (response to aspi-
ration, pooling, or residual material in the phar-
ynx). The same bolus presentation guidelines for 
VFSS should be followed for the videoendo-
scopic evaluation of swallowing.  

   Management 

 Treatment can be thought of in terms of compen-
sation and rehabilitation. There is, however, not 
always a clear distinction between the two types 
of treatments (Table  26.4 ). Depending on how 

   Table 26.3    Advantages and disadvantages of various instrumental assessments   

 Instrumentation  Strengths  Weaknesses  When to use 

 Video fl uoroscopic 
swallowing study 

 Direct assessment of 
oral, pharyngeal, and 
esophageal stages 
 Evaluate bolus  fl ow, 
temporal and spatial 
structural movement 
 Determine the effects of 
compensatory strategies 

 Radiation exposure that 
limits the length of the 
examination 
 Patient positioning, 
especially those with 
cognitive problems, 
hemiplegia or contractures 
 Nonnatural environment may 
exacerbate cognitive 
problems 
 Use of barium as opposed to 
real food 

 Need assessment of all three stages 
of swallowing 
 Wish to distinguish between a delayed 
pharyngeal swallow and reduced oral 
control 
 Evaluate what happens during the 
swallow 

 Videoendoscopic 
evaluation of 
swallowing 

 Completed at bedside 
 Use of real food 
 No time constraints 
 No radiation exposure 
 Direct visualization of 
the larynx 

 No ability to assess oral or 
esophageal functioning 
 No visualization of the actual 
swallow due to “white out” 
 Unable to analyze the timing 
or extent of structural 
movement 

 Physical or cognitive limitations 
would signi fi cantly restrict VFSS 
 fi ndings 
 Evaluation of secretion management 
 Patient is ventilator dependent or in 
the intensive care unit 
 Follow-up assessments to restrict 
radiation exposure 

 Pharyngeal 
manometry 

 Quanti fi cation of 
observed pharyngeal 
biomechanics 
 No time constraints 
 No radiation exposure 
 Not subjective 

 Does not visualize the timing 
or extent of structural 
movement or evaluate 
swallowing safety 
 Scope of evaluation limited 
to pharyngeal pressure 

 Differential diagnosis of pharyngeal 
motility disorders following comple-
tion of primary instrumental tests 

  Modi fi ed from  [  17  ] , used with permission  
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  Fig. 26.2    Flowchart of an idealized video fl uoroscopic swallow study protocol.  PAS  penetration–aspiration scale  [  36  ]        

speci fi c management techniques are imple-
mented, some treatments may be considered as 
both compensatory and rehabilitative. For exam-
ple, the Mendelsohn maneuver may be consid-
ered compensatory if a patient implements this 
strategy during mealtime to facilitate bolus 
clearance through the UES and prevent post-
swallow aspiration. Repeated practice of this 
technique as part of dysphagia therapy outside of 
mealtime may result in long-term improvement 
in hyolaryngeal elevation thereby facilitating 
UES opening and bolus clearance  [  37,   38  ] . This, 

in turn, would result in no need for the compen-
satory strategy to be used during mealtime.  

 Compensatory management is meant to imme-
diately and temporarily eliminate a patient’s 
symptoms in order to facilitate swallowing 
ef fi ciency and safety and maintain the patient on 
some form of oral intake. Compensatory strate-
gies do not alter swallowing physiology or 
provide any long-term bene fi t. Only when a 
patient exhibits signi fi cant cognitive impairments 
would treatment consist solely of compensatory 
management. 
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 The effects of compensatory strategies 
should be based on the speci fi c swallowing 
impairment and evaluated in the instrumental 
examination prior to implementation during the 
meal. Table  26.5  provides a list of compensatory 
strategies and the speci fi c swallowing impairment 
for which they were intended.  

 Rehabilitative exercises, unlike compensatory 
strategies, aim to positively alter swallowing 
physiology over time resulting in permanent 
improvement in swallowing function. Most reha-
bilitation techniques require good comprehen-
sion and cognition. Frail patients may require 
increased time to build endurance in order to 
obtain the targeted repetitions. As with compen-
satory strategies, rehabilitation exercises should 
address the speci fi c swallowing impairment 
identi fi ed during the instrumental examination. 
Table  26.6  provides a list of rehabilitation exer-
cises and the associated speci fi c swallowing 
impairment for which they were designed.  

 Studies of the effects of rehabilitative swal-
lowing treatment are primarily limited to case 
studies or small case series; however, larger 
studies and clinical trials have recently being 
conducted. A recent randomized controlled trial 
investigated the effects of high intensity treat-
ment (rehabilitation exercises), low intensity 
exercises (compensatory strategies), and usual 
care (physician recommendation) in stroke 
patients  [  39  ] . Results revealed that that the 
number of stroke patients who returned to a 
normal diet at 6 months was greater for individ-
uals who underwent high-intensity treatment as 
compared to those who underwent low-intensity 

treatment which, in turn, was greater than in 
patients who underwent usual care. Return to 
functional swallowing was signi fi cantly greater 
in the active treatment groups, and chest infection 
and complications related to dysphagia were 
signi fi cantly less in these two treatment groups 
compared to the control group. 

 The neural plastic effect of rehabilitative swal-
lowing therapy is an important concept to consider 
when designing and recommending treatment 
approaches. Plasticity is the capacity of a system 
to be altered. It is known that some treatments can 
improve airway protection, improve timing, and 
movement of structures; however, it is unclear if 
our swallowing therapy can change neural path-
ways and synapses of the central nervous system. 
Neuroplastic changes, at least in terms of the motor 
map reorganization, are different for the limb as 
compared to midline structures. That is, for the 
limb, reorganization is to the ipsilesional hemi-
sphere, whereas for midline structures, like those 
involved in swallowing, reorganization is to the 
contralesional hemisphere. 

 Peripheral electrical stimulation (PES) and 
repetitive transcranial magnetic stimulation 
(rTMS), both treatments for dysphagia, have been 
shown to produce neuroplastic changes. PES con-
sists of electrodes housed in an intraluminal cath-
eter that is inserted into the pharynx. The device is 
set at 5 Hz at 75% maximum tolerated stimulation 
and the length of stimulation is 10 min. Results in 
stroke patients revealed increased excitability of 
response in the contralesional hemisphere and 
signi fi cant changes for temporal and airway 
invasion measures  [  40  ] . rTMS has been studied 

   Table 26.4    Management approaches for dysphagia   

 Compensation  Both  Rehabilitation 

 Posture  Thermal tactile stimulation  Lingual strengthening 
 Sensory enhancement  Effortful swallow  Tongue-hold maneuver 
 Breath holding techniques  Mendelsohn maneuver  Shaker exercise 
 Bolus modi fi cation  NMES 

 EMST 
 LSVT 

   NMES  neuromuscular electrical stimulation,  EMST  expiratory muscle strength training,  LSVT  Lee Silverman voice 
treatment  



   Table 26.5    Compensation approach to management   

 The symptoms of  Secondary to physiologic abnormality of  Compensation 

 Anterior leakage  Poor orolingual control  Thickened liquid 
 Inadequate bolus preparation  Poor orolingual control  Chopped or pureed diet 
 Discoordinated oral transfer  Poor orolingual control  3-s prep 
 Oral residual  Poor orolingual control  Cyclic ingestion 
 Pharyngeal pooling to the level 
of____ 

 Poor orolingual control  Thickened liquid 
 Volume regulation 
 Chin tuck 

 Pharyngeal pooling to the level 
of____ 

 Delayed pharyngeal swallow  Thickened liquid 
 Volume regulation 
 3-s prep 
 Increased taste-sour bolus 
 Thermal-tactile stimulation 
 Chin tuck a  

 Nasal regurgitation  Poor pharyngeal motility  Thick consistencies 
 Inadequate epiglottic de fl ection  Decreased anterior hyoid movement 

 Intrinsic structural changes in supportive 
tissue 

 No identi fi ed compensatory strategy 

 Vallecular residual  Decreased base of tongue to posterior 
pharyngeal wall approximation 

 Cyclic ingestion 
 Chin tuck 
 Carbonation-physiology of residual not 
speci fi ed  

 Vallecular residual  Inadequate epiglottic de fl ection Cyclic ingestion 
 Carbonation-physiology of residual not 
speci fi ed 

 Inadequate opening of the UES  Decreased anterior hyoid movement 
 Intrinsic structural functional changes in 
cricopharyngeus 

 Head turn 

 Unilateral pharyngeal residue  Pharyngeal hemiparesis  Head turn to weaker side 
 Pyriform sinus residual  Inadequate opening of the UES  Cyclic ingestion 

 Carbonation-physiology of residual not 
speci fi ed 
 Head turn 

 Penetration  Preswallow pharyngeal pooling  Thickened liquids 
 Volume regulation 
 3-s prep 
 Chin tuck a  
 Increased taste-sour bolus 
 Thermal-tactile stimulation 

 Penetration  Inadequate epiglottic de fl ection  No identi fi ed compensatory strategy 
 Penetration  Oral residual  Cyclic ingestion 
 Penetration  Pharyngeal residual  Cyclic ingestion 

 Chin tuck 
 Carbonation 

 Penetration  Reduced laryngeal valving  Super-supraglottic swallow 
 Penetration  Preswallow pharyngeal pooling  Same as for penetration 

 Supraglottic or super-supraglottic 
swallow 

 Aspiration  Physiology not speci fi ed  Carbonation 

 Aspiration  Reduced laryngeal valving  Super-supraglottic swallow 

 Aspiration  Inadequate true vocal fold closure  Supraglottic swallow 

 Aspiration  Oral residual  Same as for penetration 

 Aspiration  Pharyngeal residual  Same as for penetration 

  From  [  17  ] , used with permission 
  UES  upper esophageal sphincter 
  a Precaution-use chin tuck only with pooling to valleculae. Use with pooling more inferior may increase airway invasion  
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primarily in healthy individuals and involves deliv-
ering trains of magnetic pulses to the motor cor-
tex. Results suggest increased excitability of 
corticobulbar projections to the pharynx  [  41  ] . 

 Behavior treatment (i.e., compensatory and 
rehabilitative therapy) has not been studied in terms 
of neuroplastic effects. This type of treatment can 
be thought of in terms of sensory treatment (bolus 
effects, thermal tactile application), motor training 
with swallowing, which involves skill plus strength 
training (e.g., effortful swallow), and motor training 
without swallowing, which is pure strength training 
(e.g., Shaker exercise)  [  42  ] . Currently, it is unclear 
if neuroplastic effects would be different in skill 
training versus strength training, when one should 
target one type of training over the other, and when 
strength or skilled training is not indicated.  

   Key Points 

    Dysphagia is common following stroke.  • 
  Single, unilateral supratentorial lesions can • 
produce acute and protracted dysphagia.  
  Swallowing should be screened in all acute • 
stroke patients prior to any oral intake.  
  Cognitive and communication status must be • 
considered when evaluating and treating 
patients.  
  Treatment begins with the instrumental study, • 
and any recommended compensatory strategy 
must be tested in the instrumental examination.  
  Neuroplastic effects of treatment are impor-• 
tant to consider when designing and imple-
menting treatment studies.         

  Acknowledgment   The authors would like to acknowl-
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 Approximately 600 neurologic syndromes have 
been identi fi ed. Oropharyngeal dysphagia may 
result from any neurologic disease affecting neu-
ral networks. It is dif fi cult in a chapter-length 

 discussion to select the disorders to incorporate 
and with what detail they should be addressed. 
A second, and overlapping, challenge is to avoid 
a simple encyclopedic listing of disease. 
Categorizing neurologic disease is challenging. 
Grouping by neuroanatomical site of lesion is 
dif fi cult because the majority of neurologic dis-
eases involve multiple system impairment (e.g., 
Parkinson’s disease, multiple sclerosis, multisys-
tem atrophy). Ordering by underlying pathophys-
iology such as rigidity, spasticity, weakness, or 
dyscoordination is also unsatisfactory because as 
diseases develop, multiple symptoms may 
become affected. Limited    data make  organization 
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  Abstract 

 This chapter’s purposes are to provide a compact review of eleven progressive 
neurologic conditions’ effects on swallowing dysfunction and to brie fl y 
discuss management options speci fi c to each. They were selected because 
dysphagia, with subsequent in fl uences on health and quality of life, is 
nearly inevitable during the course of each.  The conditions include eight 
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then prevalence/incidence, pathophysiology, evaluation, complications 
such as aspiration pneumonia, and team management are described.  The 
emphasis is on focused evaluation and rehabilitation of the dysphagia.  
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based on neuropathology such as abnormalities 
of the tau protein untenable, and the neuropathol-
ogy data available in some instances are incom-
patible with traditional clinical diagnosis as when 
progressive supranuclear palsy (PSP) de fi ned 
pathophysiologically is diagnosed clinically as 
PD. Consensus conferences  [  1  ]  have improved 
the correlation of clinical and pathophysiological 
diagnosis but have left some clinicians (and neu-
ropathologists) unsure about traditional clinical 
syndromes. What remains is a traditional hybrid 
approach to the ordering of the disease content 
mixing clinical diagnoses such as PD and 
Parkinson plus syndromes with sections based on 
the primary pathophysiology such as dystonia 
and ataxia. This approach affords the most com-
mon progressive neurologic diseases supple-
mented by brief, presentation of rarer conditions 
such as Wilson’s disease, Guillan–Barre, and 
post-polio syndrome. The purpose of this chapter 
is to provide a comprehensive review of the effect 
of progressive neurologic disease on swallowing 
dysfunction and brie fl y discuss management 
options. 

   Parkinson’s Disease 

   De fi nition 
 Parkinson’s disease (PD) has long been considered 
an illness caused by dopamine depletion in the 
substantia nigra that affects only motor function, 
but the current conceptualization of PD acknowl-
edges that it affects distributed neuroanatomical 
regions, disrupting multiple motor and non-
motor systems  [  2  ] . The cardinal symptoms 
include bradykinesia, rigidity, resting tremor, and 
postural instability. In addition to basal ganglia-
speci fi c changes, it is now recognized that the PD 
process begins in the dorsal motor nucleus of the 
vagal nerve and, from there, proceeds upward 
until it arrives at the cerebral cortex  [  2  ] .  

   Prevalence/Incidence of Swallowing 
Dysfunction 
 The incidence of dysphagia in persons with PD 
established by careful clinical and instrumental 
examination has been reported to be between 

18.5% and 100%  [  3–  6  ]  with silent aspiration 
occurring in at least one-third of patients  [  7  ] . Not 
surprisingly, many PD patients report no swal-
lowing impairment presumably due to their 
frequent lack of insight about their neurologic 
changes  [  8  ] .  

   Pathophysiology 
 The etiology of swallowing dysfunction in per-
sons with PD has not been well de fi ned. Changes 
have been attributed to the cardinal symptoms of 
PD from dopaminergic pathway abnormality: 
rigidity, hypokinesia, and tremor  [  9  ] . Rigidity 
and bradykinesia have been implicated speci fi cally 
as responsible for dif fi culty chewing and drool-
ing. Eadie and Tyrer  [  10  ]  and Ertekin et al.  [  11  ]  
hypothesized that the hypokinetic, reduced rate 
of spontaneous swallowing movements, and the 
“slowness of segmented but coordinated sequen-
tial movements” (p 948), may be the most 
signi fi cant cause of swallowing dysfunction in 
PD. Lastly, swallowing dysfunction in PD has 
also been attributed to the involvement of the dor-
sal motor nucleus of the vagus nerve and of 
“Lewy bodies in the myenteric plexus of the 
esophagus”  [  12  ]  (p 730).  

   Diagnosis 
 Widespread impairment in PD results in swal-
lowing de fi cits of every stage of swallowing, and 
therefore, in addition to a complete history, 
video fl uoroscopy seems to be the best method 
for assessing both motor and sensory involve-
ment of the entirety of the swallowing mecha-
nism. Dysfunction is commonly seen in oral 
manipulation of the bolus including lingual 
pumping, labial bolus leakage, lingual tremor, 
slowed or limited mandibular function, piece-
meal deglutition, pre-swallow spill, delayed 
swallow triggering, and post-swallow residue 
 [  4,   11,   13–  20  ] . Changes to the pharyngeal phase 
of swallow include slow pharyngeal transit, 
abnormal/delayed contraction of the pharyngeal 
wall, coating of the pharyngeal walls with bolus 
material, de fi cient epiglottic positioning, 
decreased epiglottic range of motion, stasis in the 
vallecula and pyriform sinuses, slow laryngeal 
elevation and excursion, penetration, aspiration, 



39727 Progressive Neurologic Disease and Dysphagia...

and upper esophageal sphincter (UES) discoordi-
nation  [  4,   8,   13–  21  ] . Other associated impair-
ments include vocal fold bowing, drooling, and 
dif fi culty swallowing saliva in up to 78% of per-
sons with PD, and de fi cits in swallow–respiratory 
relationships as evidenced by more swallowing 
during inhalation and swallowing at low tidal 
volume  [  22–  24  ] . Further complicating the man-
agement of persons with PD and dysphagia are 
the associated gastrointestinal symptoms which 
often accompany PD  [  25  ] . These in conjunction 
with oropharyngeal dysphagia can result in 
reduced oral intake.  

   Complications 
 The risk of death secondary to pneumonia in PD 
is six times greater than in those without PD  [  26  ] , 
with aspiration pneumonia being the leading 
cause of death  [  27–  31  ] . This risk is probably a 
consequence of chronic immobilization and 
swallowing impairment, particularly in later 
stages of the disease  [  32  ] .  

   Management 
 Levodopa ( l -Dopa), the gold standard for the 
treatment of PD related symptoms, has not been 
found to be ef fi cacious for the treatment of dys-
phagia in PD  [  5,   15,   16,   33  ] , nor does  l -Dopa 
improve/in fl uence respiratory–swallow relation-
ships  [  23  ] . A study testing the effects of various 
compensatory strategies (i.e., chin tuck, nectar and 
honey-thickened liquids) on occurrence of pneu-
monia in persons with dementia and PD found 
signi fi cantly higher incidence of pneumonia in 
persons given honey-thickened liquids versus 
nectar-thickened liquids  [  34  ] . Additionally, a 
recent randomized clinical trial found 4 weeks 
of treatment with an expiratory muscle training 
device resulted in signi fi cantly improved swal-
lowing safety (i.e., reductions in penetration/aspi-
ration) and improved cough effectiveness  [  35  ] . 
Other smaller scale non-randomized studies have 
identi fi ed LSVT  [  36  ] , verbal cueing  [  24  ] , tradi-
tional swallowing exercises (e.g., Mendelsohn, 
range of motion)  [  37  ] , and bolus modi fi cation 
 [  38  ]  as possible treatment modalities for dys-
phagia in PD. Surgical management with cri-
copharyngeal sphincterotomy and myotomy for 

cricopharyngeal dysfunction have been discussed 
in the literature with good results on selected 
patients  [  15,   39  ] .   

   Parkinsonian Syndromes 

   De fi nition 
 Depending on the source, 12 or more conditions 
are included among the parkinsonian syndromes 
 [  40  ] . Multiple system atrophy (MSA) and pro-
gressive supranuclear palsy (PSP) are discussed 
in this section. Gilman and colleagues  [  41  ]  de fi ne 
MSA as a “progressive neurodegenerative disease 
of unknown etiology. The disease occurs sporadi-
cally and causes parkinsonism with cerebellar, 
autonomic, urinary and pyramidal dysfunction in 
many combinations”  [  41  ] . Three syndromes are 
traditionally identi fi ed: (1) MSA-P (also called 
striatonigral degeneration or SND) in which 
parkinsonian features predominate, (2) MSA-C 
(also called OPCA) in which cerebellar features 
predominate, and (3) MSA-A (called Shy–Drager 
syndrome, an increasingly infrequent label) in 
which autonomic features predominate. Signs of 
all three types appear in more than 25% of 
patients with disease progression. See Higo  [  42  ]  
for more details. PSP, also called Richardson’s 
disease, is a progressive neurologic disorder of 
middle age often beginning with gait abnormality 
and frequent falls. Litvan and colleagues  [  43  ]  
outline criteria for diagnosis.  

   Prevalence and Incidence 
 The estimated prevalence for MSA, without 
regard for subtypes, is 4.0 per 100,000 people 
 [  44  ] . Ben-Shlomo et al.  [  45  ]  report onset at an 
average age of 54 years and a median survival of 
6.2 years. Dysphagia occurs earlier and with 
greater severity in MSA than in Parkinson’s 
disease. Shulman et al.  [  46  ]  call dysphagia a 
“pervasive” sign. Using video fl uoroscopy, Higo 
and colleagues  [  47  ]  identi fi ed at least one sign of 
dysphagia in approximately 75% of patients with 
MSA referred for swallowing evaluation. 
Prevalence of PSP is estimated at 3.9 per 100,000 
persons in the United States  [  48  ] . Onset usually 
occurs between ages of 55 and 70 and death for 
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most occurs 5–7 years after diagnosis. Litvan 
et al.  [  49  ]  reported a variety of oral and pharyn-
geal stage symptoms in 26 of 27 patients with 
PSP, including coughing and choking and signs 
on video fl uoroscopic swallowing examination 
including delayed swallow initiation.  

   Pathophysiology 
 Pathophysiology is complex in MSA. Delayed 
initiation of movement, slowed movement, and 
rigidity are the most frequent parkinsonian signs. 
Hypotonicity and dyscoordination are likely 
with cerebellar involvement. Hypertonicity and 
affective disorders and additional cognitive 
changes impacting swallowing can also occur. 
Rigidity, bradykinesia, spasticity, and dystonia 
are common features of PSP and are often accom-
panied by general cognitive slowness and behav-
ioral abnormalities  [  43  ] .  

   Diagnosis 
 The de fi nitive diagnosis of MSA requires 
autopsy. The clinical diagnosis of PSP requires 
the presence of gait instability, early falls, rigid-
ity, bradykinesia, vertical gaze abnormality, 
spastic dysarthria, profound dysphagia, and 
frontal lobe abnormalities  [  49  ] . The swallowing 
clinician is often working with a tentative diag-
nosis. The swallowing evaluation can accom-
plish the following: (1) establish the signs of 
dysphagia and its severity, (2) support hypothe-
ses about the usually complex underlying 
pathophysiology as a focus of treatment, (3) 
determine the probable quality of life and health 
impact of the dysphagia, (4) identify potential 
affective and cognitive in fl uences on the swal-
lowing and on treatment, (5) attend carefully to 
laryngeal stridor secondary to vocal fold immo-
bility which may be more common in MSA than 
in other neurodegenerative diseases, and (6) 
contribute to differential diagnosis by identify-
ing the onset and features of the dysphagia. Both 
oral and pharyngeal de fi cits are often observed. 
According to Higo and colleagues  [  47  ]  the most 
common signs are delayed initiation of the swal-
low, reduced posterior tongue movement, and 
“disturbance of bolus holding” (p 632). 
Residuals in the pyriform sinuses and valleculae 

and reduced opening of the UES are among the 
most frequent pharyngeal signs  [  50,   51  ] .  

   Complications 
 Higo’s group  [  52  ]  says dysphagia “is the most 
critical complication of MSA” (p 647). Muller 
et al.  [  53  ]  report an average duration of 15 months 
from a patient’s recognizing swallowing changes 
to death. Twenty-four percent of Higo et al.’s  [  47  ]  
patients had a history of aspiration pneumonia. 
Muller and colleagues  [  53  ]  identify dysphagia as 
a bad prognostic sign in PSP. Aspiration, dehy-
dration, malnutrition, and prolonged eating 
with attendant caregiver stress are among the 
complications.  

   Management 
 Because medical and surgical management of 
parkinsonian syndromes is often of limited use-
fulness for all but general symptom reduction, 
dysphagia management is especially critical. If 
the underlying pathophysiology is assumed to be 
rigidity, hypotonia, and/or weakness then a 
variety of the strengthening techniques may be 
appropriate. If dyscoordination, delayed initi-
ation, or slow movement predominates, the 
skill building techniques may be appropriate. 
Combinations will likely be necessary as will be 
a concerted behavioral effort to improve cogni-
tive de fi cits that include attention and general 
responsiveness. While these efforts are ongoing, 
compensations will also be useful.   

   Multiple Sclerosis 

   De fi nition 
 Multiple sclerosis (MS) is an in fl ammatory pro-
cess in which the myelin surrounding the axons 
of the brain and spinal cord is damaged leading 
to demyelinating and lesions throughout the 
neuroaxis  [  54  ] . There are four main types of MS: 
(1) relapsing/remitting, (2) secondary progres-
sive, (3) primary progressive, and (4) progressive 
relapsing. Relapsing/remitting, the most preva-
lent of the subtypes, is characterized by acute 
attacks of MS followed by periods of remission. 
This is in contrast to secondary progressive MS 
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that also involves acute attacks, but in these 
cases there is a progression of disease between 
attacks as well. Those with primary progressive 
MS have a steady decline of symptoms from 
onset of disease and those with progressive 
relapsing experience a steady decline of disease, 
but with superimposed attacks throughout the 
disease process  [  55  ] .  

   Prevalence/Incidence of Dysphagia 
 The prevalence of dysphagia in MS is estimated 
between 30% and 43%  [  56,   57  ] , although some 
have suggested that this  fi gure is likely underesti-
mated  [  57  ] . The incidence of dysphagia in MS 
increases to 65% in those most severely disabled 
(as measured by the Expanded Disability Status 
Scale (EDSS)). It is important to note, though, 
that 17% of patients with low disability will also 
have dysphagia  [  56  ] .  

   Pathophysiology 
 The in fl ammatory processes involved in MS 
affect a variety of areas of the central nervous 
system, thus making the pathophysiology of 
dysphagia in MS variable from patient to patient 
 [  58  ] . Longer disease duration in addition to 
involvement of cerebellar, brainstem, and cognitive 
regions has been found to better predict the 
presence of dysphagia in MS  [  56  ] . Therefore, it 
can be postulated that dyscoordination of the 
swallowing mechanism secondary to cerebellar 
lesions, weakness of the swallowing mechanism 
from brainstem involvement, and/or disruption of 
the swallowing mechanism secondary to dimin-
ished cognitive resources during swallowing 
most often characterize the pathophysiology 
underlying dysphagia in MS.  

   Diagnosis 
 As described above, dysphagia in persons with 
MS varies greatly in its presentation depending 
on the areas of the neuroaxis which have been 
most affected by the disease. Therefore, a com-
plete history identifying speci fi c swallowing 
changes in conjunction with instrumental assess-
ment of swallowing with video  fl uoroscopy is rec-
ommended. This will help identify loci of 

dysfunction and any sensory changes as well. In    
general, all phases of swallowing are affected 
with the greatest percentage of patients with 
dysphagia and MS, demonstrating pharyngeal 
phase disorders (28.7%), oral stage disorders in 
5% of patients, and aspiration in 6.9%  [  57  ] . 
There also appears to be particular cricopharyn-
geal dysfunction in persons with MS and dys-
phagia. A study by Abraham and Yun  [  59  ]  found 
impairment of the UES in 100% of a small group 
of persons with MS with moderate impairment as 
measured by the EDSS.  

   Complications 
 In addition to reductions in quality of life, dys-
phagia in MS has been linked with enhanced 
risk for dehydration and aspiration pneumonia 
 [  60,   61  ] . These complications result in enhanced 
morbidity and ultimately death in late stages of 
MS  [  60–  63  ] .  

   Management 
 There are no pharmacologic treatments found to 
be ef fi cacious for the treatment of dysphagia in 
persons with MS. Surgical myotomy has been 
used to treat UES hyperactivity  [  64–  66  ]  and a 
recent study found that botulinum neurotoxin 
type A injection of the CP is also effective for the 
treatment of oropharyngeal symptoms in select 
persons with MS  [  58  ] . It has been demonstrated 
that given the very low referral rates, only 2% of 
patients with MS and dysphagia receive behav-
ioral treatment  [  67  ] . This is further complicated 
by a complete paucity of literature on the ef fi cacy 
and effectiveness of swallowing rehabilitation 
in MS. It is considered that in milder cases of 
dysphagia, the treatment should focus on 
improvement of oral bolus control with later 
therapy focused on improved function of the 
pharyngeal mechanism  [  68  ] . A study investi-
gating the effects of neuromuscular electrostimu-
lation (NMES) on swallowing dysfunction in 
patients with MS demonstrated improvements 
in swallowing function. Following NMES these 
participants were found to have signi fi cantly less 
pooling of saliva in the pyriform sinuses and less 
incidence of aspiration  [  69  ] .   
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   Amyotrophic Lateral Sclerosis 
and Motor Neuron Disease 

   De fi nition 
 ALS, the most common of the motor neuron 
diseases, is a rapidly progressing neurodegenera-
tive condition affecting both upper and lower 
motor neurons  [  70  ] . ALS is fatal and character-
ized by progressive muscular paralysis re fl ecting 
degeneration of motor neurons in the motor 
cortex, corticospinal tract, brainstem, and spinal 
cord. The clinical picture most often includes 
progressive limb weakness, respiratory insuf fi -
ciency, spasticity, hyperre fl exia, and bulbar 
symptoms  [  71  ] . Survival is about 2–5 years after 
con fi rmatory diagnosis, with death usually 
resulting from respiratory failure  [  70  ] . Motor 
neuron disease is sometimes used as a general 
classi fi cation comprising (1) ALS; (2) primary 
lateral sclerosis, with deterioration con fi ned at 
least initially to the upper motor neurons of the 
spinal, bulbar, or both systems; and (3) lower 
motor neuron variants called spinal muscular 
atrophy when the spinal system is exclusively 
involved and progressive bulbar palsy when the 
bulbar system is the focus of disease. Life expec-
tancy is longest for primary lateral sclerosis with 
severe dysphagia primarily involving delayed 
initiation of the pharyngeal swallow. Progressive 
bulbar palsy can have devastating and early 
effects on all stages of swallowing. Even when 
the disease is con fi ned to the spinal system respi-
ration can be affected especially in the lower 
motor neuron variant of the disease resulting in 
impaired ability to coordinate respiration, swal-
lowing, and cough  [  72  ] . This section will focus on 
ALS, as most literature on dysphagia and motor 
neuron disease pertains to ALS versus other vari-
ations of motor neuron disease.  

   Prevalence/Incidence of Dysphagia 
 The incidence of ALS is about 2 in 100,000  [  70  ] . 
Bulbar dysfunction is the presenting symptom in 
one-third of cases with ALS, but the incidence is 
markedly increased in later stages of the disease 
 [  73,   74  ] . It has been reported that 86% of those 
with ALS and bulbar involvement have dysphagia 
 [  75,   76  ] .  

   Pathophysiology 
 Both upper and lower motor neuron involvement 
in ALS can result in dysphagic symptoms. 
Pseudobulbar palsy, or upper motor neuron 
involvement in ALS, often results in spasticity of 
the bulbar musculature. Degeneration of cranial 
nuclei in the brainstem results in  fl accid pareses, 
muscular atrophy, and fasiculations and/or tongue 
 fi brillations. Degeneration of motor neurons in 
the spinal cord can also result in dysphagic symp-
toms secondary to changes in the respiratory–
swallow coordination and inef fi ciency of cough 
function  [  71,   77,   78  ] .  

   Diagnosis 
 Motor neuron degeneration will result in changes 
to the spectrum of oropharyngeal swallowing 
which may begin with dif fi culty in lip control and 
end with cricopharyngeal dysfunction. A complete 
history identifying nutritional needs, current 
feeding strategies, and long-term plans for feeding 
and respiratory support is important to identify dur-
ing the clinical evaluation. Instrumental assessment 
with video fl uoropscopy seems to be most appro-
priate for identi fi cation of possible silent aspiration 
and involvement of all swallowing phases. With the 
possibility of reductions in motility, strength, and 
coordination of orofacial structures come likely 
impairments of bolus preparation, mastication, and 
oral transport. The patient with ALS will likely 
demonstrate dysfunction of the pharyngeal phase 
of swallowing, speci fi cally poor pharyngeal strip-
ping, poor laryngeal elevation, incomplete laryn-
geal closure, reduced extent and duration of 
cricopharyngeal opening, and reduced sensation in 
the laryngopharynx  [  79–  84  ] , especially if lower 
motor neuron de fi cits predominate. Reduced cough 
effectiveness is also likely  [  72  ] .  

   Complications 
 Malnutrition has been identi fi ed as an indepen-
dent risk factor for death in ALS. This, combined 
with the increased risk for airway obstruction and 
aspiration, results in markedly reduced life expec-
tancy in patients with ALS  [  85,   86  ] . During the 
course of the disease, these marked changes of 
swallowing and feeding function adversely affect 
quality of life  [  87,   88  ] .  
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   Management 
 At all levels of management, care is often proac-
tive and palliative in nature, and a multidisci-
plinary approach is considered a necessity. Most 
swallowing management is going to be compen-
satory in nature, with changes to position during 
feeding along with dietary modi fi cations. The 
speech pathologist will often identify when it is 
no longer safe for the patient to eat orally, in cases 
where the patient has decided not to consider non-
oral feeding, decisions regarding the safest possi-
ble diet should be made. In addition to education 
regarding proper diet, it is essential that the clini-
cian educate the patient and family regarding the 
bene fi ts of early PEG placement. This is espe-
cially salient given the data suggesting that PEG 
placement once the patient becomes nutrionally 
compromised may be inappropriate and even 
unsafe  [  89  ] . The safety and ef fi cacy of behavioral 
swallowing therapy in ALS has been challenged; 
however, sensorimotor exercises in ALS have 
been considered to improve sensory response to 
the bolus in the oral and pharyngeal cavities  [  71  ] . 
The utility and safety of other rehabilitative swal-
lowing exercises for ALS have not been well stud-
ied, but evidence from the training of the limbs in 
ALS would suggest that modest stretching, gentle 
strengthening, and even skill training as with a 
hard swallow may be bene fi cial  [  90  ] .   

   Ataxia 

   De fi nition 
 Ataxia is characterized by dyscoordination mani-
fest as irregular, erratic, jerky, and incomplete 
movements. Rate, range, and force of movement 
across structures such as the tongue, larynx, and 
velopharynx may be abnormal. These abnormal 
patterns, leading to over and undershooting of 
targets, have also been called asynergia or 
dyssynergia. 

 Any process damaging the cerebellum or path-
ways connecting cerebellum to other portions of 
the nervous system can cause ataxia. Common in 
clinical practice are the autosomal-dominant and 
autosomal-recessive ataxias. The spinocerebellar 
atrophies are autosomal-dominant. Dysphagia is 

especially likely in SCA-1 and SCA-3, also 
known as Machado–Joseph disease. Friedreich’s 
ataxia (FRDA) and ataxia telangiectasia (AT) are 
among the most frequent autosomal-recessive 
ataxias, and dysphagia is a risk in both.  

   Prevalence/Incidence of Dysphagia 
 The prevalence of hereditary ataxias is estimated 
to be 6 per 100,000  [  44  ] . FRDA is the most com-
mon inherited ataxia with an estimated preva-
lence of 1 per 30,000–50,000 Europeans  [  91  ] . 
Jardin and colleagues  [  92  ]  report that 30 of 47 
patients (64%) with Machado–Joseph disease 
(SCA-3) had dysphagia. Nagaya and colleagues 
 [  93  ]  report aspiration in 30% of a heterogeneous 
group of ataxic patients. Twenty-one of 23 
patients described in the study by Ramio-
Torrenta et al.  [  94  ]  complained of swallowing 
dif fi culty. All 23 had abnormal instrumental 
examinations.  

   Pathophysiology 
 Dyscoordination and hypotonia are the major 
in fl uences on swallowing function in pure ataxia. 
Because other portions of the nervous system such 
as the brain stem, cortical, and subcortical struc-
tures may also be involved resulting in weakness, 
spasticity, hypokinesia, and cognitive de fi cits. 
Cognitive de fi cits including impaired learning 
ability may further complicate swallowing reha-
bilitation and its management. Dyscoordination 
alone may produce no or only a mild and function-
ally insigni fi cant swallowing impairment.  

   Diagnosis 
 The medical diagnosis primarily depends on the 
neurologic examination and special imaging and 
genetic testing. The swallowing evaluation’s 
purposes are to (1) establish the presence, signs, 
and severity of dysphagia, (2) assess the quality 
of life and health consequences, (3) hypothesize 
the speci fi c underlying pathophysiology, and 
(4) determine patient’s motivation, insight, and 
ability to learn  

   Complications 
 In a study of SCA-1, pulmonary complications, 
presumably at least in part resulting from 
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 dysphagia, were the major cause of death  [  95  ] . 
This and other health and quality of life conse-
quences can be expected whenever severe dys-
phagia is present especially if mobility and 
independence are also compromised.  

   Management 
 Paulson and Ammache  [  96  ]  identify speech 
therapy for dysphagia in ataxic disorders as 
being “especially helpful” (p 779) in part because 
medical and surgical treatment options are limited. 
Skill building treatments will be important 
because, depending on severity, patients may be 
able to compensate for their dysfunction by 
consciously trying to modify their behavior. 
Accompanying weakness or hypotonia will 
require simultaneous strengthening approaches. 
In our experience, intense and lengthy treatment 
duration is required.   

   Dystonia 

   De fi nition 
 Dystonia is a heterogenous pattern of involuntary, 
sustained, and repetitive muscle contractions 
resulting in abnormal postures and twisting 
movements of involved body parts. Dystonia is 
classi fi ed by age of onset—early versus late; by 
etiology—primary (idiopathic) or secondary 
(symptomatic); and by distribution—generalized, 
multifocal, segmental, or focal  [  97  ] . Regardless 
of onset, etiology, or distribution, swallowing 
will be altered if respiratory or bulbar muscula-
ture is affected. Among the dystonias of greatest 
signi fi cance to the swallowing specialist or deglu-
tologist are spasmodic torticollis  [  98  ]  and the 
oromandibular dystonias (OMDs)  [  99  ] , including 
Meige syndrome sometimes called Brueghel’s 
syndrome  [  100  ] . These distinctions are important 
because different sites of dystonic involvement 
may lead to different signs of dysphagia.  

   Prevalence/Incidence of Dysphagia 
 The prevalence for early onset dystonia ranges 
from 3 to 50 cases per 1,000,000  [  97  ] . The range 
for late onset is 30–7,320 cases per 1,000,000. 
Focal dystonia is more common than generalized 

dystonia and cervical dystonia is the most 
common of the focal dystonias. The incidence of 
oromandibular dystonia derived from a popula-
tion study in Iceland was 2.8 per 1,000,000  [  101  ] . 
Dystonia occurs more often in women than in 
men and varies by ethnicity. In a typical study, 
Ertekin and colleagues  [  98  ]  report dysphagia in 
76% of a mixed group of 25 dystonic patients. 
Oral abnormalities are more frequent than pha-
ryngeal ones.  

   Pathophysiology 
 The simultaneous co-contraction of agonist and 
antagonistic muscle groups that de fi nes dystonia 
disrupts the skilled movements necessary to 
normal swallowing. The cause may be genetic, 
sporadic, or secondary to acquired nervous system 
damage from trauma, disease, toxins, or medica-
tions. For a recent summary of the genetics of 
dystonia see Bruggemann and Klein  [  102  ] . 
Dystonia can also occur as an accompaniment to 
a variety of basal ganglia diseases including 
Parkinson’s disease, Wilson’s disease, cortico-
basal degeneration, and progressive supranuclear 
palsy.  

   Diagnosis 
 The medical diagnosis rests primarily on a history 
and neurologic examination supplemented by 
genetic testing and imaging. The swallowing 
diagnosis will include history; physical examina-
tion of the respiratory and bulbar musculature 
including non-speech and speech tasks; a clinical 
swallowing examination; and an instrumented 
evaluation, in most instances the video fl uoroscopic 
swallowing examination. Evaluation’s goals are 
to (1) establish the likelihood that a patient has 
dystonia alone or in combination with other 
neurologic abnormalities, (2) de fi ne the dysto-
nia’s distribution across the respiratory and swal-
lowing structures, and (3) identify the resulting 
swallowing abnormalities. During the instru-
mented examination special attention should be 
paid to the in fl uence of sensory tricks and posture 
and to teasing out the in fl uence of dystonia on 
the interaction of oral and pharyngeal stages. In 
cervical dystonia, oral stage abnormalities include 
abnormal bolus preparation  [  103  ] . In Meige 
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 syndrome pre-swallow spill is a common  fi nding 
 [  104  ] . Pharyngeal abnormalities in both cervical 
and oromandibualr dystonia include post-swallow 
pharyngeal residue particularly in the vallecula. 
Asymmetric bolus transport is more likely to 
occur in cervical dystonia  [  105,   106  ] .  

   Complications 
 Embarrassment, social isolation, weight loss, and 
aspiration are possible functional consequences 
with the psychosocial implications often out-
weighing the physical.  

   Management 
 The primary treatments of dystonia are botulinum 
toxin injection and deep brain stimulation (DBS) 
 [  100  ] . DBS’s positive effects for Meige syndrome 
are reported by Ghang and colleagues  [  107  ]  and 
Lyons et al.  [  108  ] . Transcranial magnetic stimu-
lation (TMS) to somatosensory cortex is prom-
ising  [  109  ] . 

 Behavioral therapy for dysphagia secondary 
to dystonia has been compensatory. Postural 
stabilization may reduce swallowing symptoms 
secondary to abnormal posture. In addition, 
because enhanced sensory input (geste antago-
niste) such as touching the cheek, neck, jaw, or 
other bulbar structures can sometimes reduce 
dystonia, it behooves the clinician to inquire if a 
patient has discovered such methods and further-
more to evaluate the effects of touching the neck, 
face, and head. The array of rehabilitation tech-
niques can be employed, but recent data on 
neurorehabilitation and treatments for focal dys-
tonia of the hand should motivate new treatments. 
For example, Candia and colleagues  [  110  ]  base a 
treatment on principles of neural reorganization 
and functional imaging data of cortical maps in 
cases of focal hand dystonia. Their method, SMR, 
involves splinting different combinations of non-
dystonic  fi ngers and then having the participant 
use the dystonic  fi nger(s) in various skilled move-
ments with various combinations of normal 
 fi ngers. The goal is reestablishment of the normal 
patterns of cortical  fi nger representation and an 
accompanying improvement in dystonic  fi nger 
movement. The hypothesis that dystonia results 
in part from alterations in what Vitek  [  111  ]  calls 

somatosensory responsiveness should motivate 
research into sensory stimulation as part of dys-
phagia treatment.   

   Chorea 

   De fi nition 
 Chorea is de fi ned as a series of quick, unpredict-
able, irregular, jerking movements. Impaired 
voluntary movements, delayed initiation, and 
slowness of movement are also features of chorea 
and may involve one or multiple body parts. 
Chorea can occur in a number of syndromes such 
as Wilson’s disease (discussed later in this 
chapter), but occurs primarily in two conditions—
Huntington’s disease (HD) and Sydenham’s 
chorea (SC). SC is a rare condition that is the 
result of infection in children and usually resolves 
spontaneously. HD is an inherited disorder of 
adults with chorea beginning often in the hands 
and face and generalizing to other body parts. 
Behavior change and dementia are also hallmarks 
of this relentlessly progressive disease that ends 
in severe dementia, anarthria, and aphagia.  

   Prevalence/Incidence 
 HD occurs with a prevalence of 2–12 persons per 
100,000  [  44  ] . Klasner  [  112  ] , referencing National 
Institutes of Health data, says approximately 
30,000 new cases of HD are diagnosed in the 
United States each year. Age of onset is typically 
between 30 and 45, although earlier or later 
onset is possible. Disease duration is usually 
15–20 years  [  113  ] . Eating and swallowing abnor-
malities occur in nearly 100% of patients at some 
time during the disease’s course. More speci fi cally, 
Yorkston et al.  [  114  ]  describe choreatic involve-
ment of the respiratory mechanism in 40%, aspi-
ration and aerophagia in 10%, and excessive 
belching or eructation in 40%.  

   Pathophysiology 
 Pathophysiology of dysphagia in HD is complex. 
Patients may be primarily hyperkinetic, hypoki-
netic, or both. Dyscoordination may be a major 
or secondary in fl uence on skilled eating and 
swallowing movements. Affective disorders, 
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including apathy, and other cognitive abnormali-
ties, including impulsivity, may complicate 
swallowing signs, evaluation, and treatment.  

   Diagnosis 
 Aims of diagnosis are the same as for previously 
discussed conditions. Of special importance in 
chorea are clinical and eating evaluations. 
Tachyphagia or fast eating and belching are 
among the signs that may be missed with an 
instrumented examination although such an 
examination may inform the clinician about 
underlying swallowing physiology. Chorea makes 
patience and special positioning during instru-
mental examination a necessity. Allowing self-
administered boluses may inform the clinician 
about the difference between caregiver and self-
administered bolus consumption. A substantial 
challenge is identifying the focus of abnormality, 
whether it is respiratory, oral, or pharyngeal 
involvement alone or in combination.  

   Complications 
 Common health consequences include aspiration 
pneumonia, dehydration, malnutrition, and weight 
loss. The medications utilized to treat chorea may 
further degrade swallowing  [  115  ] . Tachyphagia, 
belching, and abnormal movements may lead to 
social isolation and a host of other psychosocial 
consequences. The incidence of fatal airway 
obstruction may be elevated.  

   Management 
 Bilney, Morris, and Perry  [  116  ]  found only “a 
small amount of evidence to support the use of 
speech pathology services or that of a swallowing 
specialist for the management of eating and swal-
lowing disorders” in HD (p 12). Nonetheless, 
treatment can be offered. Kagel and Leopold 
 [  117  ]  support the use of a variety of compensa-
tions including the use of a weighted cup and 
wrist and leg weights. If the patient has a more 
rigid form of HD, maximum performance and 
even muscle strengthening exercises may be 
appropriate. The affective and behavioral abnor-
malities make treatment dif fi cult, and the clini-
cian must consider the cost–bene fi t ratio of 
introducing treatment.   

   Myasthenia Gravis 

   De fi nition 
 Myasthenia graves (MG) is a rare auto-immune 
disease affecting the neuromuscular junction. 
MG can be classi fi ed as either ocular or general-
ized. Ocular MG affects extraocular muscles 
speci fi cally, but can often develop into general-
ized MG at which time the oropharygeal musclu-
lature may be involved  [  118  ] . Presentation of MG 
usually occurs with ocular symptoms (60%), but 
there have been cases of oropharyngeal muscle 
weakness as the presenting symptom  [  119  ] .  

   Prevalence/Incidence 
 One in every 5,000 people will develop MG 
 [  120,   121  ] . Forty percent of persons with MG 
will develop dysphagia during the course of 
the disease  [  122  ] . Only 6–15% will present with 
dysphagia  [  123  ] .  

   Pathophysiology 
 Weakness and fatiguability of facial, jaw, buccal, 
lingual, and pharyngeal muscles are thought to 
contribute to the etiology of swallowing dysfunc-
tion in MG. Electrophysiological studies of 
laryngeal function have demonstrated abnormali-
ties suggesting that the neuromuscular junctions 
of the corticobulbar tract can be affected by MG 
 [  124  ] . It is considered that antibodies working 
against the acetylcholine receptors result in 
de fi cits to neuromuscular transmission  [  125,   126  ] . 
The relapsing and remitting of swallowing distur-
bance in this population is often observed, and 
relapse usually signals worsening of overall 
condition.  

   Diagnosis 
 When gathering the patient history it is important 
to identify changes in swallowing function that 
may occur as the day and time spent in eating 
progress. VFES is the gold standard as changes 
are evident throughout the swallowing mecha-
nism. In some cases dysfunction will be speci fi c 
to orofacial structures, but the pharyngeal phase 
of swallowing seems to be the most signi fi cantly 
impaired in MG with pharyngeal phase delay 
and particular impairment in laryngeal elevation 
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and epiglottic inversion  [  127  ] . Abbreviated 
video fl uoroscopic swallowing examinations 
before and after tensilon testing may contribute 
both diagnostic and prognostic information.  

   Complications 
 Dysphagia with aspiration is often a source of 
morbidity and mortality in MG  [  119  ] . 
Additionally, the strain of intermittent and often 
embarrassing swallow disturbance can be detri-
mental to quality of life.  

   Management 
 MG is a treatable disease, and pharmacological 
management is the  fi rst line of treatment. Treatments, 
however, are often more effective for corticospinal 
than corticobulbar symptoms. Both compensatory 
and restorative swallow-speci fi c treatments can be 
utilized. Given the worsening of symptoms with 
continued muscle fatigue, smaller more frequent 
meals are essential for maintaining swallowing 
safety and good  nutritional state. Exercises aimed at 
increasing muscle strength of the oropharyngeal 
mechanism are limited by fatiguing of muscles and 
in some cases may be inappropriate  [  127  ] . Skill-
based treatments may be an alternative to strength-
ening but have not been well studied in this 
population. Compensatory treatments are frequently 
offered and include diet modi fi cation, postural 
adjustment, and in severely affected individuals, 
non-oral feeding. Exacerbations or relapsing of dys-
phagia in MG will often result in changes to phar-
macological management with increased doses of 
cholinergic agents, immunomodulatory therapies, 
and even initiation of plasma exchange.   

   Rare Disorders 

 There is a subset of rarer neurodegenerative 
disorders that may lead to dysphagia and for 
which we provide a more cursory review below.  

   Wilson’s Disease 

 Wilson disease is an autosomal-recessive genetic 
disorder that can result in neurodegeneration 

 [  128  ] . The disease is characterized primarily by a 
disorder of copper metabolism which can result 
in a build up of copper in the liver, eyes, and 
central nervous system at times manifesting as a 
movement disorder. Unless WD is diagnosed and 
treated early in the disease’s course, muscular 
discoordination, tremor, muscle stiffness, behav-
ioral changes, and resultant dysarthria and dys-
phagia can occur  [  129  ] . Imaging studies have 
identi fi ed lesions throughout the neuroaxis 
including cerebral cortex, white matter, cere-
bellum, thalamus, and basal ganglia all of which 
might result in dysphagia  [  130,   131  ] . Swallow-
speci fi c symptoms include prolonged oral transit 
times and greater percentage of oral residue when 
compared to age-matched healthy individuals 
 [  132  ] . Additional parkinsonian swallowing 
de fi cits are also common. Lifelong treatment is 
required to control the disease, but if identi fi ed 
promptly and treated appropriately patients can 
maintain function long term. Therefore, treatment 
of swallowing dysfunction should have marked 
impact for health and quality of life.  

   Post-polio Syndrome 

 Post-polio syndrome is a neurologic disorder 
occurring in about 5% of individuals at least 
15 years after infection with the polio virus. PPS 
has been reported to result in weakness, fatigue, 
and reduced endurance of limbs, trunk, respira-
tory, and oropharyngeal musculature  [  133,   134  ]  
with subsequent muscle atrophy, respiratory 
insuf fi ciency, dysphonia, and dysphagia  [  135, 
  136  ] . As in other neurodegenerative diseases, 
dysphagia in PPS is the result of a slow progres-
sive deterioration to bulbar functioning  [  135–
  138  ] . The proper management of dysphagia in 
PPS requires further investigation.  

   Guillain–Barre Syndrome 

 Guillain–Barre syndrome (GBS) is an acute, 
immune-based disorder of the peripheral nervous 
system usually following an infectious process. 
GBS results in a paralysis beginning in the lower 
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extremities which quickly ascends to the upper 
extremities and bulbar musculature  [  139  ] . 
Management in the acute phases of the syndrome 
is centered on sustaining life through control of 
autonomic dysfunction. Management of insidious 
swallowing dysfunction is secondary. Following 
the acute phase of the disease, patients may have 
mild to severe changes to the swallowing mecha-
nism and respiration. The manifestation of swal-
lowing dysfunction will depend on the affected 
cranial and/or spinal nerves involved with impair-
ments including dif fi culty with bolus formation 
and aspiration/penetration. If respiration is also 
involved, coordination of swallowing and respi-
ration may be disrupted. For example the person 
may have dif fi culty prolonging the apneic period 
of swallow suf fi ciently to allow safe, adequate 
oral feeding. Swallowing management may 
include compensatory or behavioral techniques. 
Treatment effects must be carefully monitored, as 
ef fi cacy data is limited.       
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  Abstract 

 It is well known that eating problems occur in association with cognitive 
dysfunction, psychiatric problems, and decline of daily activity in indi-
viduals with dementia. Feeding and eating dif fi culties leading to weight 
loss are common in the advanced stages of dementia. In contrast to the 
wealth of information on advanced dementia, relatively few studies have 
addressed the eating problems in mild dementia and disease-speci fi c 
behaviors. As the disease progresses, patients with Alzheimer’s disease 
(AD) have dif fi culty swallowing due to sensory impairment secondary 
to dysfunctions in the temporoparietal areas. Vascular dementia patients 
showed more de fi cits in bolus formation and mastication of semisolid 
food, hyolaryngeal excursion, epiglottic inversion, and silent aspiration 
caused by motor impairments due to disruptions in the corticobulbar tract. 
The frequencies of appetite change, alterations in food preference toward 
sweet foods and changed eating habits, are greater in Frontotemporal lobar 
degeneration (FTLD) than in AD. Appetite increase in FTLD seem to be 
exacerbated by cultural factors in Western countries. Dementia with Lewy 
bodies patients showed a higher incidence of swallowing problems and 
anorexia than AD patients. 

  Keywords 

 Eating behavior  •  Swallowing problem  •  Dementia  •  Alzheimer’s disease  
•  Vascular dementia  •  Frontotemporal lobar degeneration  •  Dementia with 
Lewy bodies  •            Introduction 



412 M. Ikeda and J. Hodges

 It is well known that eating problems occur in 
association with cognitive dysfunction, psychi-
atric problems, and decline of daily activity in 
individuals with dementia  [  1,   2  ] . Among the daily 
activities in older people, eating is fundamental 
to independence and a good quality of life. A survey 
by the Alzheimer’s Society (2000) revealed a 
high level of concern among caregivers about 
problems such as poor appetite and weight loss 
 [  3  ] . Several studies have reported the pattern and 
prevalence of eating disturbance in severe 
dementia. Patients with dementia have dif fi culty 
understanding the concept of meal times, fre-
quently become confused and forgetful, and as a 
consequence, stop eating. Dysphagia may lead to 
aspiration pneumonia, a common cause of death 
in the later stage of dementia. A study of nursing 
home residents with advanced dementia showed 
that more than half had episodes of chest infec-
tion, and 86% had eating problems over the 
course of 18 months  [  4  ] . A study of nurses and 
other caregivers revealed that feeding was a daily 
problem in severe dementia  [  5  ] . In contrast to the 
wealth of information on advanced dementia, 
relatively few studies have addressed the eating 
problems in mild dementia and disease-speci fi c 
behaviors. 

 Eating behaviors are modulated by many 
factors including personal habits, ethnic culture, 
and climate. Food culture, meal styles, and 
customs differ substantially between Western 
Countries and Japan. For example, bread is a 
staple in the West while rice is a staple in Japan 
and Japanese use chopsticks instead of forks and 
knives. People in the UK eat more sweets/candies 
and a higher total daily calori fi c intake than 
Japanese people. Calorie intakes are 3,227 kcal/
day on average in the UK population while only 
2,622 kcal/day in Japan. Sugar and sweetener 
consumption are 43.7 kg/person/year on average 
in the UK population compared to 29.4 kg/
person/year in Japan  [  6  ] . Eating behaviors in 
demented patients may, therefore, differ from 
other behavioral and psychiatric features such 
as loss of insight, apathy, mood change, and hallu-
cinations. A cross-cultural perspective is of 
particular importance when investigating eating 
behaviors in dementia patients. 

 The purpose of this chapter is to review the 
unique characteristics of swallowing dysfunction 
and eating behavior for various dementia syn-
dromes and discuss issues from a socio-cultural 
perspective. 

   Alzheimer’s Disease 

 Alzheimer’s disease (AD) is the most prevalent 
form of dementia, accounting for approximately 
50% of all dementias in the elderly. In addition to 
cognitive decline, particularly memory loss, 
behavioral disturbances such as apathy, irritability, 
and delusions are common symptoms. 

 Eating comprises two independent processes: 
self-feeding and swallowing. AD patients rely on 
partner-initiated cues or direct assistance in self-
feeding. Eating problems have been shown to be 
mild and infrequent in early-stage AD patients 
 [  7–  9  ] , although eating and swallowing impair-
ments are well documented in late-stage AD. 
When dysphagia occurs in early-stage AD, it is 
characterized by delayed onset of the pharyngeal 
swallow and reduced lingual movement. Moderate 
AD presents as dif fi culty with oral preparation of 
the bolus, pharyngeal clearance, upper esopha-
geal sphincter opening, and visible aspiration on 
video  fl uoroscopy (Fig.  28.1 )  [  10,   11  ] . Compared 
to patients with mild/moderate AD, the mean 
latency of the swallowing re fl ex is signi fi cantly 
longer in severe AD patients. The prolongation of 
swallowing latency is exacerbated by use of 
neuroleptics  [  12  ] . Swallowing therapy in AD 
should focus on enhancing the sensory aspects of 
deglutition. For example, dysphagia management 
techniques such as oral stage sensory stimulation, 
which can be achieved by changes of texture, 
taste, or temperature of food to enhance the 
awareness of food substance in their mouths, may 
be bene fi cial  [  10  ] .  

 As the disease progresses, patients with AD 
start to have dif fi culty swallowing and may lose 
interest in eating  [  13  ] . Aspiration pneumonia in 
ambulatory AD patients is signi fi cantly and inde-
pendently associated with severity of dementia, 
silent brain infarction in the basal ganglia, neuro-
leptic medication, and male gender  [  14  ] . 
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 Some patients with moderate AD cannot 
remember that they have eaten and continuously 
demand food from caregivers. Despite this, 
weight loss and low body weight are commonly 
reported. Overall, approximately 40% of AD 
patients have signi fi cant weight loss. This may 
result from a variety of factors including changes 
in eating habits and access to inadequate nutri-
tion due to memory impairment. Weight loss was 
found to be a predictor of mortality, while weight 
gain appeared to have a protective effect in AD  [  1  ] . 
In terms of the neural basis, hypoperfusion to the 
left orbitofrontal cortex and left anterior cingu-
late cortex and relative sparing of right orbitof-
rontal, right anterior cingulate, and left middle 
mesial temporal cortex emerged as predictors of 
appetite loss in one study of AD patients  [  15  ] . 

 Another related topic is the relationship 
between body mass index (BMI) and dementia 
risk. A recent longitudinal study showed that 
declining BMI was associated with increased risk 
of incident AD  [  16  ] , although the opposite has 
also been reported  [  17  ] . A recent longitudinal 
study, involving community-dwelling elderly 
African–Americans, found that participants with 
incident dementia or MCI had accelerated weight 
loss from as early as 6 years before diagnosis of 
AD  [  18  ] . Similarly, dementia-associated weight 

loss was found 2–4 years prior to the onset of the 
clinical syndrome in Japanese American men 
which then accelerated around the time of diag-
nosis  [  19  ] . Loss of BMI may re fl ect the locus of 
pathological changes in AD, but this has not been 
investigated systematically. Level of AD pathology 
has been shown to be associated with changes in 
BMI, while Lewy body pathology and cerebral 
infarctions were not  [  20  ] .  

   Stroke and Vascular Dementia 

 Stroke produces a range of de fi cits that could 
interfere with normal eating, including impaired 
arm movement, posture, lip closure, chewing, 
swallowing, sensation, perception, attention, and 
cognition. Moreover, depression and apathy are 
frequent problems. The assessment of the contri-
bution of these factors in stroke patients is, there-
fore, highly complex. Not surprisingly more than 
80% of the stroke patients in nursing homes have 
some sort of eating disturbance  [  21  ] . Physical 
and cognitive impairments known to in fl uence 
eating were most severe in patients who were 
severely dependent for eating. Dysphagia was 
reported in almost a quarter and poor food intake 
or poor appetite in 30% of the patients. 

 A comparison of swallowing in AD and 
vascular dementia (VaD) using video  fl uoroscopy 
to assess separate oral, pharyngeal, and laryngeal 
phases of deglutition revealed that the AD patients 
were signi fi cantly more impaired in “oral transit 
delay over 5 s” with liquids, whereas the VaD 
patients showed more de fi cits in bolus formation 
and mastication of semisolid food, hyolaryngeal 
excursion, epiglottic inversion, and silent aspira-
tion (Fig.  28.2 )  [  10  ] . These results suggest that 
the swallowing disorder in AD results from 
sensory impairment secondary to damage of 
temporoparietal areas, whereas dysphagia in the 
VaD group is more likely to be the result of corti-
cobulbar tract damage. These results have clinical 
implications for feeding modi fi cation and dys-
phagia therapy in patients with dementia. In VaD 
patients, treatment methods focusing on oral and 
pharyngeal motor aspects of swallow, for 
example, oromotor-strengthening exercise for 

  Fig. 28.1    Lateral image of an Alzheimer’s disease 
patient taken during a video fl uoroscopic swallowing 
study. It shows the patient holding thick liquid in the ante-
rior portion of the oral cavity, resulting in delayed oral 
transit. Owing to the delay in oral transit, the patient is 
asked to tilt his head backward, resulting in spillage of 
some of the liquid substance into the vallecular space. 
From M.K. Suh et al. Alzheimer Dis Assoc Disord 
2009;23:178–84 with permission       
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enhancing bolus control or mastication abilities, 
may be appropriate. To help with the laryngeal 
elevation (i.e., hyolaryngeal elevation and epi-
glottic inversion), the Mendelsohn maneuver or 
swallowing therapy methods using the electrical 
stimulation could be used  [  22  ] .   

   Frontotemporal Lobar Degeneration 

 Frontotemporal lobar degeneration (FTLD) is the 
currently preferred term for primary cerebral 
degeneration involving the frontal and/or anterior 
temporal lobes associated with non-Alzheimer 
type pathology, characterized by behavioral 
changes, including loss of insight, disinhibition, 
apathy, mood changes, stereotypic behavior, and 
abnormal eating behavior  [  7  ] . Although many 
studies have highlighted the high prevalence of 
alterations in food preference and eating habits in 
FTLD  [  23  ] , there have been few systematic stud-
ies comparing FTLD subgroups, or contrasting 
AD and FTLD  [  8,   24  ] . 

 To investigate the frequency of changes in eating 
behaviors and the sequence of development of 
eating behaviors in FTLD and AD, we utilized a 
newly created caregiver questionnaire [ 8 ]. Three 
groups of patients were studied: FTD (frontal 

variant frontotemporal dementia; fv-FTD), 
semantic dementia (SD), and AD. The question-
naire consisted of 36 questions investigating  fi ve 
domains: swallowing problems, appetite change, 
food preference, eating habits, and other oral 
behaviors. The frequencies of symptoms in all 
 fi ve domains, except swallowing problems, were 
higher in FTD than in AD, and changes in food 
preference and eating habits were greater in SD 
than in AD (Fig.  28.3 ). In SD, the developmental 
pattern initially revealed a change in food prefer-
ence, followed by appetite increase and altered 
eating habits, other oral behaviors, and  fi nally 
swallowing problems. In FTD, the  fi rst symptom 
altered was eating habits or appetite increase. 
In AD, the pattern was not clear although swal-
lowing dif fi culties developed in relatively early 
stages (Fig.  28.4 ). Change in eating behavior 
was signi fi cantly more common in both of the 
FTLD groups than in AD.   

 Dietary or eating behavioral disturbances have 
been found to correlate with the degree of atro-
phy on MRI of the right lateral orbitofrontal 
cortex and the adjacent insula  [  25  ] . A voxel-
based morphometry study in FTLD patients 
showed that hyperphagia was associated with 
gray matter loss in anterior lateral orbitofrontal 
cortices and a sweet tooth with gray matter loss 
in posterior lateral orbitofrontal cortices and the 
right anterior insula  [  26  ] . 

  Fig. 28.3    Frequency of each symptom domain in frontal 
variant frontotemporal dementia (fv-FTD), semantic 
dementia (SD), and Alzheimer’s disease (AD) groups. 
From M. Ikeda et al. J Neurol Neurosurg Psychiatry 
2002;73:371–6 with permission       

  Fig. 28.2    Lateral image of a vascular dementia patient 
taken during a video fl uoroscopic swallowing study. The 
image shows residue in the lateral sulcus, indicating weak-
ness of the buccal muscles. It also reveals residue in the 
valleculae and pyriform sinus, resulting from reduced 
pharyngeal peristalsis, hyolaryngeal excursion, epiglottic 
inversion, and relaxation of the upper esophageal 
sphincter. The image also shows penetration to the level 
of the vocal folds. From M.K. Suh et al. Alzheimer Dis 
Assoc Disord 2009;23:178–84 with permission       
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  Fig. 28.4    The development order of abnormal eating 
symptom in ( a ) frontal variant frontotemporal dementia, 
( b ) semantic dementia, and ( c ) Alzheimer’s disease. 
From M. Ikeda et al. J Neurol Neurosurg Psychiatry 
2002;73:371–6 with permission       

 A  fi beroptic endoscopic examination of swal-
lowing revealed moderate swallowing abnor-
mality in 57% of FTLD patients without known 

amyotrophic lateral sclerosis (ALS), PSP, or 
CBD  [  27  ] . There were signi fi cant differences 
between the FTLD and control subjects on  fi ve 
variables, all relating to swallowing: leakage time 
during mastication, swallow onset time, typical 
and lowest bolus location at swallow onset, and 
reduced bolus clearance. These abnormalities 
were not explained by compulsive eating behav-
iors, but seemed to re fl ect de fi cits in cortical and 
subcortical pathways connecting with the brain-
stem swallowing centers. Aspiration pneumonia 
is a common cause of death in FTLD  [  28  ]  and the 
early detection of swallowing problems in 
patients with FTLD had prognostic implications. 

 It is important to note that there is consider-
able overlap both clinically and pathologically 
between FTLD and ALS. Between 10% and 20% 
of patients with FTLD develop frank ALS, which 
is typically of the bulbar type with signi fi cant 
dysphagia and dysarthria  [  29  ] . It is possible, 
therefore, that a much higher proportion of 
patients have more subtle but signi fi cant involve-
ment of bulbar motor neurons. 

 Taking a cross-cultural and ethnological view-
point, we used an identical methodology of the 
UK study  [  8  ]  to examine changes in eating behav-
iors in patients with FTLD and AD in Japan and 
to compare directly with those in the UK  [  30  ] . 
On the whole, the  fi ndings in a Japanese cohort 
were similar to those previously reported in the 
UK. Changes in eating behaviors in Japanese 
patients with both SD and FTD were signi fi cantly 
more common than in AD patients, as was the 
case in the UK. Changes in eating behaviors in 
FTLD appear to be universal, although ethnic-
cultural factors might modulate these results to 
some extent. Changes in eating behaviors seem 
to be a direct consequence of the pathology of 
FTLD rather than being an expression of other 
neuropsychiatric features in a speci fi c socio-cul-
tural context. There is a possibility that abnor-
mal eating behaviors such as appetite increase 
are exacerbated by cultural factors in Western 
countries. This hypothesis was supported by the 
fact that weight gain of more than 7.5 kg was 
found in approximately 30% of FTD and SD 
cases in the UK, while less than 10% of FTD and 
SD cases in Japan gained weight. As described 
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  Fig. 28.5    Volumetric changes in the hypothalamus of 
patients with behavioral-variant frontotemporal dementia 
(bvFTD) compared to healthy controls. Volumes are 
standardized to a percentage of the mean hypothalamic 
volume of the healthy control group ( the gray band  
re fl ecting the standard deviation). ( a ) In vivo anterior and 
posterior hypothalamic volumes in bvFTD corrected for 
head size. Signi fi cant atrophy in the posterior hypothalamus 
atrophy is observed in bvFTD at presentation. ( b ) In vivo 
hypothalamic volumes in bvFTD patients exhibiting high 
or low feeding disturbance corrected for head size. Greater 
atrophy of the posterior hypothalamus ( white bar, right ) is 
present in bvFTD patients with high feeding disturbances 
at presentation compared to bvFTD patients with low 
feeding disturbance and compared with healthy controls. 

( c ) Postmortem absolute anterior and posterior hypotha-
lamic volumes in frontotemporal lobar degeneration 
(FTLD). Signi fi cant posterior hypothalamic atrophy in 
FTLD is observed. ( d ) Postmortem absolute hypothalamic 
volumes in FTLD patients exhibiting different inclusion 
pathologies. More severe posterior hypothalamic atrophy 
is observed in the FTLD-TDP group ( white bar, right ) 
compared with the FTLD-tau group, and compared with 
healthy controls.  MRI  magnetic resonance imaging,  TDP-
43  TAR-DNA-binding protein 43. *Posterior hypothalamus 
in this group is signi fi cantly smaller than that of healthy 
controls; **posterior hypothalamus in this group is 
signi fi cantly smaller than those of the other two groups. 
From O. Piguet et al. Ann Neurol 2011;69:312–9 with 
permission       
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above, sugar intake and total calorie consumption 
differ signi fi cantly in the general population 
between Japan and the UK. It may be, therefore, 
that Japanese FTLD patients did not manifest 
severe weight gain because their eating behaviors 
were not ampli fi ed by cultural factors. 

 Relatively little was known about the patho-
logical mechanisms that underlie the appetite 
change and weight gain in FTLD until recently. 
The neuroendocrinology of satiety is complex. 
In brief, nuclei in the hypothalamus play a key 
role and are modulated by levels of leptin and 
ghrelin produced by body fat and the stomach 
wall, respectively. These hypothalamic nuclei 
regulate energy levels and feeding behavior 
through the autonomic nervous system. Using 
high-resolution MRI, Piguet et al.  [  31  ]  showed 
that selective early atrophy of the posterior hypo-
thalamus in FTD was correlated with the degree 
of eating dysregulation (Fig.  28.5 ). A parallel 
neuropathological study demonstrated signi fi cant 
neuronal loss in posterior hypothalamic nuclei at 
postmortem.    

   Dementia with Lewy Bodies 

 Dementia with Lewy bodies (DLB) is the third 
most common form of dementia accounting for 
15–20% of cases in pathological studies. DLB is 
clinically characterized by marked  fl uctuations 
in cognition, visual hallucinations, extrapyra-
midal signs (EPS), and sensitivity to neurolep-
tics  [  32  ] . It is well established that approximately 
one-half of patients with Parkinson’s disease 
(PD) have swallowing problems. Since DLB is 
clinically and pathologically related to PD, it is 
reasonable to assume that eating/swallowing 
problems are also common in DLB patients. 
Indeed, in a recent report from the DLB consor-
tium, “eating and swallowing dif fi culties” were 
described as part of the supportive diagnostic 
features  [  33  ] . There have, however, been few 
systematic studies of eating problems in DLB 
patients. 

 To address this de fi ciency, the author’s group in 
Japan assessed a series of consecutive DLB and 
AD patients using a revised version of the compre-

hensive questionnaire originally designed for 
patients with FTD/AD [ 8  , 30 ]   . Four new questions 
were added and seven FTD-speci fi c questions 
were deleted. DLB patients showed signi fi cantly 
higher scores than AD patients for “dif fi culty in 
swallowing foods,” “dif fi culty in swallowing 
liquids,” “coughing or choking when swallowing,” 
“taking a long time to swallow,” “suffering from 
sputum,” “loss of appetite,” “need watching or 
help,” and “constipation” (Table  28.1 ). The Uni fi ed 
Parkinson disease Rating Scale (UPDRS) score 
correlated signi fi cantly with “dif fi culty in swal-
lowing foods,” “taking a long time to swallow” 
and “needs watching or help,” whereas the neu-
ropsychiatric inventory (NPI) score correlated 
with “loss of appetite.” The UPDRS, NPI, and 
CDR were associated with scores for “dif fi culty 
in swallowing liquids.” No signi fi cant independent 
variables affected the scores for “coughing or 
choking when swallowing,” “suffering from 
sputum,” and “constipation.” EPS, psychiatric 
symptoms and severity of dementia did not affect 
these scores, and they may re fl ect some other 
mechanism such as autonomic dysfunction. No 
signi fi cant independent variables affected the 
“constipation” score, because constipation may be 
the direct result of autonomic dysfunction  [  34  ] . 
A previous study noted that 83% of patients with 
pathologically con fi rmed DLB showed constipa-
tion  [  35  ] , and our results also support this high 
frequency of constipation in DLB patients. There 
was an interesting difference between dif fi culty 
swallowing liquids and solids. The former was 
modulated by UPDRS, NPI and CDR scores, 
whereas the later was affected by the UPDRS only. 
Swallowing liquids may require more accurate 
control of muscles than swallowing solids. 
Clinicians should be aware of this difference, and 
ask caregivers which problems predominate in 
DLB patients.  

 Yamamoto et al.  [  36  ]  investigated the time 
from scanning until pneumonia onset or discon-
tinuation of oral intake using video  fl uorography 
in patients with idiopathic Parkinson’s disease 
(IPD) and DLB. Aspiration during video 
 fl uorography was a risk factor for pneumonia 
onset in these patients. Aspiration and Hoehn-
Yahr stage    (scale for de fi ning the severity stages 
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   Table 28.1    The scores (frequency × severity) for each symptom domain in the DLB and AD groups (Shinagawa 
et al.  [  9  ] )   

 DLB  AD   p  value 

 Swallowing problems  Dif fi culty in swallowing food 
 Dif fi culty in swallowing liquids 
 Coughing or choking when swallowing 
 Taking a long time to swallow 
 Placing food in mouth but not chewing it 
 Chewing food but not swallowing it 
 Suffering from sputum 
 Fluctuation in swallowing ability 

 1.71 
 0.61 
 0.96 
 1.57 
 0.29 
 0.04 
 0.86 
 0.18 

 0.03 
 0.03 
 0.24 
 0.00 
 0.00 
 0.03 
 0.12 
 0.00 

 0.002 
 0.043 
 0.013 
 0.000 
 NS 
 NS 
 0.011 
 NS 

 Appetite change  Loss of appetite 
 Increase in appetite 
 Seeking out food between meals 
 Overeating at meal time 
 Reporting hunger or requesting more food 
 Reporting being overfull 
 Needs to limit food 
 Fluctuation in appetite 

 1.79 
 0.04 
 0.00 
 0.07 
 0.04 
 0.00 
 0.00 
 0.64 

 0.15 
 0.33 
 0.64 
 0.03 
 0.03 
 0.00 
 0.12 
 0.03 

 0.000 
 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 NS 

 Food preference  Preferring sweet foods more than before 
 Drinking more soft or sweet drinks 
 Drinking more tea/coffee or water 
 “Taste” in food changed in some way 
 Adding more seasoning to their food 
 Developing other food fads 
 Hoarding foods 
 Drinking more alcohol 

 0.07 
 0.07 
 0.18 
 0.00 
 0.04 
 0.00 
 0.00 
 0.11 

 0.18 
 0.06 
 0.24 
 0.00 
 0.00 
 0.00 
 0.00 
 0.00 

 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 NS 

 Eating habits  Wants to cook or eat the same food every day 
 Tends to eat foods in the same order 
 Wants to eat at the same time every day 
 Decline in table manners 
 Eating with hands 
 Takes a long time to eat 
 Getting drowsy at meal time 
 Needs watching or help 

 0.04 
 0.00 
 0.00 
 0.36 
 0.18 
 1.32 
 0.39 
 2.32 

 0.21 
 0.03 
 0.00 
 1.12 
 0.52 
 0.42 
 0.03 
 0.00 

 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 0.000 

 Other eating behaviors  Tends to over fi ll mouth 
 Chewing or sucking without trying to eat them 
 Eats nonedible foodstuffs 
 Tends to snatch or grasp any food items 
 Becomes a heavier smoker or takes up smoking 
 Episodes of vomiting 
 Fever with a meal 
 Constipation 

 0.00 
 0.00 
 0.25 
 0.00 
 0.00 
 0.04 
 0.21 
 3.39 

 0.24 
 0.00 
 0.18 
 0.27 
 0.00 
 0.00 
 0.00 
 0.21 

 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 NS 
 0.000 

of Parkinson’s disease) were risk factors for 
discontinuing oral intake. 

 Visual hallucinations, which are the most 
common psychiatric symptom in DLB, may 
lessen the patients’ appetite. It has been pointed 
out that visual hallucinations disturb the patients’ 
concentration while eating food  [  37  ] .  

   Conclusions 

 Recent studies highlight the importance of careful 
observation and assessment of eating behaviors 
of dementia taking a disease and stage-speci fi c 
viewpoint. Although patients with each of the 
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dementia syndromes discussed here show many 
eating problems, the cause of these varies across 
diseases and depends on a number of complex 
factors. 

 The potentially life threatening complications 
of dysphagia can be postponed if physicians are 
aware of the symptom(s) in their patients early in 
the course of their disease, and if the problem is 
managed by a speech pathologist specializing in 
dysphagia. Aspiration pneumonia is signi fi cantly 
and independently associated with severe demen-
tia and intake of neuroleptics. As soon as the 
behavioral and psychiatric problems ameliorate, 
drug tapering or discontinuation should be con-
sidered in order to prevent aspiration pneumonia. 
To prevent the pervasive symptom of weight loss, 
caregivers of patients with AD and DLB should 
focus on support during and between meals with 
a special attention on the amount of food and 
 fl uid take. Weight gain in patients with moderate 
and severe dementia can be achieved by adjusting 
the meal environment to the individual’s needs 
 [  38  ] . Regular inspection of the patient’s oral cav-
ity and lubrication of the mucosa of the mouth 
are also important  [  1  ] . In FTD there is often 
weight gain that can be controlled by limiting the 
range of available food in the environment. 
Appetite-suppressing drugs such as antidepres-
sant serotonin reuptake blockers may be helpful 
 [  39,   40  ] . A proportion of patients with FTD 
develop severe dysphagia and clinicians should 
evaluate for features of bulbar ALS such as 
tongue wasting or fasciculation. 

 For caregivers, it may be dif fi cult to under-
stand and recognize eating/swallowing problems 
in neurodegenerative disorders such as AD, FTD, 
and DLB. Education of family caregivers and 
care staff about eating/swallowing problems is 
important. 

   Key Points 

    Feeding and eating dif fi culties leading to • 
weight loss are common in the advanced 
stages of dementia.  
  As the disease progresses, patients with AD • 
have dif fi culty swallowing due to sensory 

impairment secondary to dysfunctions in the 
temporoparietal areas.  
  VaD patients showed more de fi cits in bolus for-• 
mation and mastication of semisolid food, hyo-
laryngeal excursion, epiglottic inversion, and 
silent aspiration caused by motor impairments 
due to disruptions in the corticobulbar tract.  
  The frequencies of appetite change, alterations • 
in food preference toward sweet foods and 
changed eating habits, are greater in FTD and 
in SD than in AD   . A proportion of patients 
with FTD develop bulbar palsy in the context 
of ALS.  
  DLB patients showed a higher incidence of • 
swallowing problems and anorexia than AD 
patients.  
  A cross-cultural perspective is of particular • 
importance when investigating eating behav-
iors in dementias.          
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   De fi nition 

   Prevalence/Incidence, Pathophysiology, 
Diagnosis, Complications, Management 

 The potential muscular causes of oropharyngeal 
dysphagia may not be readily apparent at  fi rst. 
When faced with dysphagia, clinicians often 

consider at  fi rst neurogenic dysphagia secondary 
to upper or lower motor neuron dysfunction, 
since it is statistically more frequent. Myopathies 
and neuromuscular junction disorders are often 
considered after that. 

 Disordered swallowing can develop over the 
course of many myopathies. Deglutition may be 
impaired because of weakness or in fl ammation 
of the oropharyngeal and esophageal muscula-
ture. Dysphagia may appear variably among 
patients in parallel to the pattern of weakness of 
the various muscles.   

      Dystrophies and Myopathies 
(Including Oculopharyngeal)       

     Safwan   Jaradeh         

    S.   Jaradeh ,  MD   (�)
     Professor of Neurology and Neurological Sciences, 
Stanford University Medical Center , 
 300 Pasteur Drive, Room A347 , 
  Stanford ,  CA 94305-5235 ,  USA    
e-mail:  jaradeh@mcw.edu   

  Abstract 

 As previous chapters have illustrated, the oropharyngeal swallow is the 
end result of several coordinated neuromuscular elements: velopharyngeal 
closure, tongue loading, tongue pulsion, closure of the laryngeal vestibule, 
upper esophageal sphincter opening, and pharyngeal clearance. It is 
estimated that more than 30 muscles are involved in the various stages of 
the swallow. Muscular disorders leading to impairment in any of these 
steps can cause dysphagia. A better understanding of the swallowing 
problems associated with these conditions may help in guiding treatment, 
choosing technical aids, modifying the consistency of foods, swallowing 
rehabilitation, and nutritional support by the non-oral route.  

  Keywords 

 Duchenne muscular dystrophy (DMD)  •  Dystrophies  •  Hereditary muscle 
diseases  •  Myopathies  •  Myotonic dystrophy (MD)  •  Oculopharyngeal 
muscular dystrophy (OPMD)  •  Steinert’s disease      
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   Prevalence/Incidence 

 Feeding problems in patients with neuromuscular 
diseases are often underestimated. In a survey of 
451 patients by the French Muscular Dystrophy 
Association, 409 patients responded, and swal-
lowing dif fi culties were reported by at least 35% 
of patients  [  1  ] . Among these responders, 38 had 
spinal muscular atrophy, 139 had myasthenia, but 
the remaining 232 patients had various myopa-
thies. In further analysis, impaired swallowing 
was reported in 37–41% of hereditary muscular 
dystrophies, and in 30% of acquired in fl ammatory 
myopathies. Dif fi culties in the oral phase were 
encountered primarily in Duchenne muscular 
dystrophy (DMD), limb-girdle muscular dystro-
phy (LGMD), and facio-scapulo-humeral muscular 
dystrophy (FSHMD). The pharyngeal phase was 
particularly affected in dermatomyositis, poly-
myositis, and LGMD. The survey was limited to 
the above-mentioned diagnoses and did not 
include other in fl ammatory myopathies, such as 
inclusion body myositis, or other hereditary 
myopathies, such as oculopharyngeal muscular 
dystrophy (OPMD).  

   Pathophysiology 

 When diagnosticians approach muscular disor-
ders leading to dysphagia, it is useful to consider 
two major categories: genetic and acquired. 
While it is intuitive that any muscular disorder 
may present with dysphagia, abnormalities of 
deglutition tend to predominate in some types of 
myopathies. These include oculopharyngeal 
muscular dystrophy (OPMD), myotonic dystro-
phy (MD), patients in the advanced stages of 
Duchenne muscular dystrophy (DMD), in fl amm-
atory myopathies, such as polymyositis (PM), 
dermatomyositis (DM), and inclusion body myo-
sitis (IBM), and certain metabolic myopathies, 
particularly mitochondrial myopathies. Thyroid 
disorders and certain iatrogenic myopathies can 
also lead to prominent dysphagia. 

 When myopathic patients present with dys-
phagia, their complaints range widely. Some 

describe mild choking on solids, while others 
have complete inability to swallow their food. 
Some patients have to chew carefully and swal-
low slowly, while others cough frequently 
particularly when drinking liquids. With pro-
gression, there is pooling of secretions and 
weight loss. In a subset of patients, the dys-
phagia is associated with impaired cricopharyn-
geal muscle function and its ability to relax, 
which prevents the food from leaving the hypo-
pharynx into the esophagus (cricopharyngeal 
achalasia). Patients with myopathy may describe 
tightness in the throat, while others may point to 
the upper cervical region or to the mid-sternal 
region depending on whether the esophagus is 
involved. 

   Hereditary Muscle Diseases 

  Oculopharyngeal muscular dystrophy  was  fi rst 
described by Taylor in 1915. In OPMD, patients 
usually develop symptoms after the fourth decade. 
Dysphagia is frequent and may be the presenting 
symptom; it is usually progressive. Ptosis may 
occur early, but weakness of other extraocular 
muscles occurs much later in the course of the 
disease; diplopia and total ophthalmoplegia are 
rare. The dysphagia is due mainly to the pharyn-
geal weakness, but the lingual and oral phases are 
also affected. With disease progression, patients 
develop dysphonia and aspiration, as well as 
proximal muscle weakness particularly in the 
lower limbs. Life span is usually normal, unless 
repeated aspiration occurs, or in rare patients 
who develop cardiac conduction block. In rare 
cases of OPMD, a distal neuropathy has been 
reported (references); the neuropathy is axonal. 
CK level almost never exceeds 1,000 U/L and 
may be normal in mild cases. On routine histo-
chemical studies, a muscle biopsy obtained from 
a weak muscle reveals rimmed vacuoles. Electron 
microscopy shows intranuclear inclusions made 
of tubular  fi laments measuring 8.5 nm in diameter. 
In older patients, concomitant mitochondrial 
changes may appear, including occasional ragged 
red  fi bers and paracrystalline mitochondrial 
inclusions  [  2,   3  ] . 
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 Though OPMD has a worldwide incidence, it 
is more common in certain ethnic communities, 
particularly the French Canadian population 
and the Jewish populations of Bukhara and 
Uzbekistan. Genetically, the disease is autosomal 
dominant and is caused by expansion of a GCG 
repeat sequence located within the polyadenylate 
binding protein nuclear 2 gene (PABP2) on chro-
mosome 14q11.2-13. In normal subjects, only six 
GCG repeats are expressed and code for alanine. 
Expansion beyond eight repeats results in OPMD. 
The severity of the phenotype usually parallels 
the size of expansion, so in patients who are 
homozygous for this expansion, the onset of 
dysphagia occurs 10–20 years earlier than in 
heterozygotes  [  3  ] . On the other hand, patients 
with a smaller expansion manifest a more benign 
phenotype, where limb weakness is very mild 
and dysphagia may be the only clinical manifes-
tation. The PABP2 protein is expressed in the 
nuclei of skeletal muscle. The expansion of the 
GCG repeat sequence causes abnormal length-
ening and misfolding of the PABP polyalanine 
tail, leading to its intranuclear accumulation as 
inclusions  [  4  ] . This aberrant protein interferes 
with normal mRNA function, and because of its 
resistance to degradation, this accumulation 
causes toxicity to muscle cells. 

 Certain patients with  Mitochondrial myopa-
thies , such as Kearns–Sayre, chronic progressive 
external ophthalmoplegia and MNGIE syndrome 
(mitochondrial myopathy, peripheral neuropathy, 
gastrointestinal disease, and encephalopathy) 
present with dysphagia  [  5,   6  ] . The swallowing 
impairment is mainly due to weak pharyngeal 
constrictor muscles, but there is also weakness of 
the oropharyngeal musculature. In one study of 
12 patients, cricopharyngeal achalasia was present 
in 9, and deglutitive incoordination was found in 
one patient. In MNGIE syndrome, there is addi-
tional smooth muscle involvement, which may 
result in intestinal pseudo-obstruction due to the 
visceral neuropathy  [  6  ] . Clinically, extraocular 
muscle involvement is earlier and much greater 
than in OPMD, and some patients have sensori-
neural hearing loss as well as mild peripheral 
neuropathy involving the large or small nerve 
 fi bers. On routine histochemical studies, a muscle 

biopsy often shows ragged red  fi bers (Fig.  29.1 ) 
and cytochrome oxidase negative  fi bers. Electron 
microscopy shows paracrystalline mitochondrial 
inclusions. Given the potential clinical overlap 
with OPMD  [  7,   8  ]  it is important to search for the 
intranuclear tubulo- fi lamentous inclusions that 
are speci fi c to the latter diagnosis. Otherwise, 
genetic testing may be necessary.  

  Myotonic dystrophy  (MD, Steinert’s disease) 
is the most common muscular dystrophy in 
adults. In the United States it has an incidence of 
13.5 per 100,000 live births. Patients often com-
plain of distal weakness. In the arms, the hand 
intrinsic muscles and the extensors of the  fi ngers 
and wrist are preferentially affected; in the legs, 
patients may develop foot drop. Proximal limb 
muscles may become affected later. There is 
weakness of the facial muscles and atrophy of the 
temporalis, masseter, and sternocleidomastoid 
muscles leading to a characteristic “hatchet face”. 
Ptosis and frontal balding are common. There is 
frequent weakness of the palatal and pharyngeal 
muscles leading to dysarthria and dysphagia. The 
dysphagia is worsened by involvement of the 
smooth musculature of the esophagus. Radiologic 
evaluation of swallowing shows impairment of 
all phases: oral, pharyngeal, and esophageal. 
Impairment of other smooth muscles (gallbladder, 
intestines) causes additional GI issues (gall-
stones and intestinal pseudo-obstruction). Cardiac 
involvement is common and is a major source of 

  Fig. 29.1    Biopsy of the vastus muscle in a patient with 
dysphagia and mitochondrial myopathy showing a ragged 
red  fi ber. Trichrome stain × 200       
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mortality: EKG is abnormal in 65%, and Holter 
monitoring is abnormal in 29% of patients  [  9  ] . 
First-degree atrioventricular block is the most 
common abnormality. Clinically, myotonia is an 
important diagnostic clue. In myotonia, there is 
impaired relaxation of muscle after forceful 
voluntary contraction. This causes dif fi culty 
releasing their handgrip after a handshake, 
unscrewing a bottle top, or opening their eyelids 
after forceful eyeclosure. Myotonia classically 
improves with repeated exercise, and worsens 
with exposure to cold. It can be demonstrated at 
the bedside by percussion of the thenar eminence, 
wrist extensors, or tongue. While patients may 
subjectively complain of muscle stiffness or 
tightness, muscle weakness is usually a greater 
concern of theirs. Electromyography (EMG) 
reveals myotonic discharges with the character-
istic “dive-bomber” sound. CK level is normal or 
minimally elevated. Other common problems are 
bilateral posterior subcapsular cataracts, insulin 
resistance, testicular atrophy, and uterine hypotonia. 
Lower IQ occurs particularly with earlier age of 
symptom onset. MRI of the brain can reveal 
hyperintense white matter lesions or cortical 
atrophy  [  10  ] . 

 On muscle biopsy, there is type I  fi ber atrophy, 
relative type II hypertrophy, several ring  fi bers, 
and a signi fi cant increase in the number of 
myo fi bers containing internal nuclei. Cardiac 
histopathology shows  fi brosis, primarily in the 
conducting system and sino-atrial node, myocyte 
hypertrophy, and fatty in fi ltration. MD is an auto-
somal-dominant disease due to an abnormal 
expansion of a CTG trinucleotide repeat sequence 
located on chromosome 19q13.2  [  11  ] . There is 
genetic anticipation, with an increase of the 
repeat size and worse phenotype in subsequent 
generations. The repeat sequence lies in the 
myotonin protein kinase (DMPK) gene. Normal 
controls have less than 35 repeats. Like OPMD, 
there is some correlation between the number of 
repeats and the phenotype. The most severe form 
of congenital MD appears in infants born to an 
affected mother; they generally have over 1,000 
repeats. They present with neonatal hypotonia 
and may require mechanical ventilation because 
of respiratory distress. All infants have bifacial 

weakness and feeding dif fi culties. Examination 
of the mother is helpful for the diagnosis, which 
is con fi rmed by genetic testing. Once children 
survive the infantile period, progressive muscle 
weakness appears later, and up to one half are 
mentally retarded. Genetic testing has lessened 
the need for muscle biopsy in MD. 

  Duchenne muscular dystrophy  (DMD) is the 
most common muscular dystrophy in children. 
The inheritance is X-linked, with female carriers 
and affected males. The incidence of DMD is 
approximately 1:3,500 live births. DMD is caused 
by mutations in the dystrophin gene, located on 
the short arm of the X chromosome (Xp21.2). 
This gene codes for dystrophin, a large intracel-
lular protein that provide stability to the muscle 
membrane by linking the intracellular cytoskel-
eton and extracellular matrix. Boys are normal at 
birth, but childhood motor milestones become 
somewhat delayed. By the age of 5 years, they 
experience dif fi culty running, climbing stairs, or 
arising from the  fl oor (Gowers’ sign). Calf hyper-
trophy is an early sign. CK levels are markedly 
elevated. With advanced disease, there is involve-
ment of the oropharyngeal muscles. The later 
occurrence of macroglossia further complicates 
the oral phase of swallowing. Some may have 
impaired gastric motility due to the involvement 
of smooth muscles. This may lead in advanced 
stages to esophageal dysmotility, gastric dilata-
tion, and intestinal pseudo-obstruction  [  12  ] . The 
average IQ is one standard deviation below the 
mean. Boys often become wheelchair-bound 
before 12 years of age. Scoliosis complicates the 
respiratory dysfunction in these patients. 
Cardiomyopathy occurs in the late teenage years, 
and is a frequent source of morbidity and mortality. 
Most often, it is of the dilated type, but hypertro-
phic cardiomyopathy may also occur. Patients die 
before their third decade. 

 Dysphagia may also occur in  Limb girdle 
muscular dystrophy  (LGMD), but it is not as 
common as it is in the above-mentioned dystro-
phies. In one systematic study of 20 LGMD 
patients  [  13  ] , two (10%) reported some swallow-
ing dif fi culties. But when swallowing was 
evaluated by conventional cineradiography and 
manometry, an abnormal radiologic study was 
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found in 6 patients (30%), and an abnormal 
manometric study in 4 patients (20%) even with-
out complaints of dysphagia. Mean manometric 
pressures were not signi fi cantly different when 
patients were compared with a healthy, age- and 
sex-matched volunteer group. In the two symp-
tomatic patients, the dysphagia was mainly due 
to dysfunction of the pharyngeal muscle. 

  Oculopharyngodistal myopathy  is a rare type 
of hereditary myopathy that present with external 
ophthalmoplegia, dysphagia, and distal weak-
ness in all limbs  [  14  ] . Serum CK level is mildly 
elevated. EMG shows a myopathic pattern but 
with myotonic discharges. A muscle biopsy 
reveals dystrophic changes with rimmed vacuoles. 
Ultrastructural examination reveals tubulo-
 fi lamentous inclusions in both sarcoplasm and 
nucleus. While the phenotype may resemble 
OPMD, the distal weakness and myotonic dis-
charges differ. Genetic testing for OPMD is nega-
tive. No mutations have been identi fi ed. 

  Congenital muscular dystrophy  is a childhood 
disease characterized by severe muscle weakness 
and inability to achieve independent ambulation. 
The condition is due to de fi ciency in merosin, 
another muscle membrane protein. In a study of 
14 children (age range: 2–14 years), parents of 12 
children reported feeding dif fi culties, and their 
children were below the third centile for weight 
 [  15  ] . On video fl uoroscopy, 13/14 children had 
abnormal oral phase, and 9/14 had abnormal 
pharyngeal phase with a delayed swallow re fl ex; 
6 of these 9 patients had recurrent chest infec-
tions, and the imaging showed laryngeal pooling 
in 3 and frank aspiration in 3. Eight children had pH 
monitoring study, and 6/8 had gastro-oesophageal 
re fl ux. In 5 children, the placement of a gastros-
tomy tube stopped the chest infections and 
improved weight gain. 

 Among  Congenital myopathies , nemaline rod 
myopathy is probably the one most associated 
with dysphagia. Most cases present during early 
childhood with neonatal hypotonia; muscle 
stretch re fl exes are absent. Respiratory distress 
may be present and leads to death in the  fi rst year 
of life. Otherwise, the child grows but there is 
delay of motor milestones during childhood. 
Children have signi fi cant facial weakness, a high 

arched palate, micrognathia, and weak masseter 
and pterygoid muscles. The pharyngeal and 
laryngeal muscles may also be affected, but 
extraocular muscles are spared. Skeletal anoma-
lies such as scoliosis, pectus excavatum, clubfoot, 
and pes cavus are common. Dysphagia does not 
occur in the adult form, which presents with a 
limb-girdle phenotype. CK levels are normal, but 
the EMG shows myopathic changes. The condi-
tion derives its name from the histological  fi nding 
of rods (red clusters) in the subsarcolemmal zone 
of muscle  fi bers. Ultrastructurally, the nemaline 
rods arise from the Z disk. Inheritance is usually 
autosomal dominant and rarely autosomal reces-
sive. To date, mutations have affected genes 
encoding for various skeletal proteins, such as 
tropomyosin-3, actin, and nebulin  [  16  ] .  

   Acquired Muscle Diseases 

  Primary in fl ammatory muscle diseases  represent 
the largest group of acquired and potentially 
treatable myopathies. There are three main sub-
sets: polymyositis (PM), dermatomyositis (DM), 
and inclusion body myositis (IBM). Cutaneous 
involvement is speci fi c to DM, which may have 
infantile or adult onset. PM and IBM are disor-
ders of adults. 

 In PM and DM, proximal weakness develops 
in weeks to months, and CK levels are often 
elevated. In some patients, speci fi c autoanti-
bodies may be detected in the serum; the most 
common antibodies are antisynthetase or anti-Jo1 
in PM\DM with interstitial lung disease, and anti-
Mi-1 and 2 in DM  [  17  ] . EMG and muscle biopsy 
are important for the diagnosis. Adult PM and 
DM may be associated with connective-tissue 
disease (overlap syndrome) or cancers. Some 
cases of PM are secondary to infections (HIV, 
HTLV1, and toxoplasmosis). Idiopathic PM is 
probably less common than other types of 
in fl ammatory myopathy, such as IBM, DM, or 
overlap PM  [  18  ] . In a longitudinal study of 100 
consecutive adult patients with in fl ammatory 
myopathies, PM was the most common diagnosis 
at presentation, accounting for 45% of the cohort. 
Patients were then reclassi fi ed based on their 
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clinical, antibody, and biopsy data. After com-
plete workup, the frequency of idiopathic PM fell 
to 14%, while the frequency of myositis associ-
ated with connective tissue disease increased 
from 24 to 60%  [  19  ] . In that particular series, 
systemic sclerosis was the most common connec-
tive tissue disease associated with PM, account-
ing for 29% of the cohort. 

 Swallowing impairment may be severe in 
these patients  [  20  ] . Dysphagia is due primarily to 
the involvement of striated muscles, but the upper 
third of the esophagus may be affected in some 
patients, particularly in overlap PM seen with 
systemic sclerosis or mixed connective tissue 
disorders. In a study of 62 patients with overlap 
PM (systemic sclerosis or related disorders) 
referred for a gastrointestinal (GI) evaluation, 
dysphagia was present in 61% of patients. In 
addition to the dysphagia, patients may have 
deglutitive pharyngeal and laryngeal pain, and 
may develop aspiration of their food. Manometric 
studies in 36 patients showed antral hypomotility 
and reduced amplitude and frequency of intestinal 
contractions  [  21  ] . 

 IBM is the most frequently acquired myopathy 
after 50 years of age. It is characterized by distal 
greater than proximal muscle weakness, slow 
course, and suboptimal response to corticosteroid 
and immunosuppressive agents. Histologically, 
the muscle biopsy shows rimmed vacuoles and 
 fi lamentous inclusions in addition to the cyto-
toxic in fl ammatory process. On immuno-
 fl uorescence, beta secretases that cleave 
amyloid-beta-precursor protein co-localize with 
amyloid beta in IBM vacuolated muscle  fi bers 
 [  22  ] . There is accumulation of tau protein in the 
inclusions  [  23  ] . Dysphagia may be a prominent 
and an early feature in older patients with IBM 
 [  24  ] . In some cases, dysphagia may be the pre-
senting symptom. Laryngoscopy reveals pooling 
of saliva in the pharyngeal recesses. Video-
 fl uoroscopy shows a prominent cricopharyngeus 
muscle, and biopsies of the cricopharyngeus 
muscle may show the in fl ammatory changes  [  20  ] . 

 Immunological stains reveal that DM is a 
microangiopathy affecting skin and muscle; 
there are perivascular B and CD4 lymphocytic 
in fi ltrates, and activation and deposition of 
complement that causes lysis of endomysial 

capillaries and muscle ischemia. In PM and IBM, 
CD8-positive cytotoxic T cells invade muscle 
 fi bers and lead to  fi ber necrosis mainly via the 
perforin pathway. In IBM, there is formation of 
vacuoles with amyloid deposits as well. The 
responsible antigen has not yet been identi fi ed. 
The upregulation of various cell adhesion mole-
cules and cytokines contribute to the immunop-
athological process in all three conditions. Early 
diagnosis and initiation of therapy is essential, 
since both PM and DM respond to immunosup-
pressive agents. As stated above, IBM tends to be 
less responsive to treatment  [  17  ] . 

 In  Thyrotoxic myopathy , dysphagia is uncom-
mon, but may occur. In the majority, dysphagia is 
preceded by proximal limb muscle weakness. 
Dysphagia is slow, but may appear abruptly. 
The dysphagia is usually due to oropharyngeal 
dysfunction, but some have esophageal dysmo-
tility. Secondary hypokalemia may compound 
the weakness. Aspiration pneumonia may occur. 
Impaired swallowing may resolve 3–4 weeks 
after treatment for thyrotoxicosis with antithy-
roid agents and beta-blockers  [  25  ] . 

 Dysphagia is not common in  Iatrogenic myo-
pathies , but there are rare reports involving 
patients with chronic renal insuf fi ciency who 
were given procainamide hydrochloride for 
arrhythmia  [  26  ] . The dysphagia is mainly due to 
esophageal dysmotility, but there is also some 
bulbar and proximal muscle weakness. The myo-
pathy resolves gradually after drug discontinua-
tion. The disorder is likely due to impaired 
clearance leading to accumulation of the drug.   

   Diagnosis and Differential Diagnosis 

 The diagnosis depends on detailed medical history, 
family history, and physical and neurological 
examination. Elevated muscle enzymes and the 
presence of certain in fl ammatory markers aid in 
the diagnosis. Electrodiagnostic testing with 
routine nerve conduction studies, repetitive 
motor nerve stimulation, and needle electromyo-
graphy are helpful in establishing the presence 
and extent of the myopathy. Muscle biopsy and 
genetic testing may be needed for diagnostic 
con fi rmation. 
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 Disorders of neuromuscular transmission can 
present with bulbar weakness and dysphagia, and 
may be dif fi cult to differentiate clinically from 
bulbar myopathies. In myasthenia gravis, swal-
lowing dif fi culties are usually intermittent and 
typically worsen throughout the meal or through-
out the day, but may become constant. There are 
often oculomotor abnormalities (diplopia, ptosis) 
and facial muscle weakness, and there may be 
dysphonia. When present, fatigable muscle weak-
ness is often a clue to the diagnosis. The risk of 
aspiration is signi fi cant. Measurement of acetyl-
choline receptor antibodies, anti-MuSK (muscle-
speci fi c receptor tyrosine kinase) antibodies, and 
single  fi ber EMG establish the diagnosis  [  27  ] . 
Treatment includes cholinesterase inhibitors, 
corticosteroids, and plasmapheresis with occa-
sional use of intravenous gammaglobulins  [  28  ] . 

 The bulbar muscles can be affected in polyra-
diculoneuropathies, both acute (Guillain–Barré 
syndrome, GBS) and chronic (chronic 
in fl ammatory demyelinating polyradiculoneu-
ropathy, CIDP). There is frequent involvement of 
other cranial nerves, particularly facial  [  29,   30  ] . 
CSF protein is elevated. Nerve conduction testing 
and needle EMG differentiate them from myo-
pathy. The treatment is by preventing other 
medical complications, such as aspiration, and 
using various immune-modulating and immuno-
suppressive therapies. 

 Motor neuron disorders such as amyotrophic 
lateral sclerosis involve the bulbar muscles and 
lead to progressive dysphagia. There is weakness 
of the oro-lingual as well as the pharyngeal 
muscles. Muscle fasciculations (tongue, face) are 
common. These patients develop swallowing 
dif fi culties mainly to solids, but given the fre-
quent presence of an upper motor neuron dys-
function, they may choke on liquids. Dysphagia 
occurs in up to 20% of the patients after 1 year of 
diagnosis and increases steadily with disease 
progression. The risk for aspiration pneumonia is 
high, and these patients should be counseled 
regarding the insertion of a gastric feeding tube. 

 Among hereditary motor neuron disorders, 
dysphagia tends to occur early in bulbospinal 
muscular atrophy (Kennedy’s disease). This is an 
X-linked disorder in which a triple CAG repeat 

on the long arm of the X chromosome leads to 
degeneration of bulbar motor neurons and 
reduced tissue responsiveness to androgen. The 
syndrome should be suspected in a middle-aged 
man who presents with dysphagia and gyneco-
mastia. Genetic testing is con fi rmatory  [  31  ] .  

   Management 

 The discussion of management will focus on the 
appropriate intervention in patients with chronic, 
untreatable, non-in fl ammatory muscle disease. 

 The primary objective should be the reduction 
in laryngeal penetration of bolus, reduction in 
aspiration and chest infections, stabilization or 
reversal of progressive weight loss, and improve-
ment in the quality of life. 

 The initial evaluation should ascertain safe 
swallowing. While bedside assessment is fre-
quently done as  fi rst step, it may underestimate 
the degree of swallowing impairment. Therefore, 
a video fl uoroscopic swallowing study should be 
performed. The video fl uoroscopic imaging also 
assists in selecting optimal food texture and con-
sistency. The patient should be instructed in the 
importance of positioning for safe swallowing; 
the patient should be seated upright with the head 
tilted slightly forward and the neck  fl exed. If there 
is unilateral pharyngeal paresis, head turning may 
allow the bolus to traverse the intact side  [  32  ] . 

 Nasogastric tube feeding or peripheral intra-
venous feeding are temporary measures, and if 
the patient’s condition does not improve, long-
term nutritional approaches become necessary. In 
these cases, the wishes of the patient and family 
must be considered. The most common proce-
dure performed is that of percutaneous endo-
scopic gastrostomy (PEG). The procedure can be 
performed quickly with minimal sedation. There 
is the potential for gastropharyngeal re fl ux and 
aspiration particularly if pharyngeal weakness 
coexists; this risk can be reduced by feeding the 
patient upright and by using a slow-rate of 
infusion. 

 In patients with slowly progressive myopa-
thies who aspirate, the procedures to protect the 
airway should be discussed. Tracheostomy is 



428 S. Jaradeh

probably the most common procedure performed 
in these patients. Other procedures, such as laryn-
geal closure or diversion procedures, are more 
aggressive but may be necessary in the few refrac-
tory cases. 

 In a large percentage of myopathic patients, 
cricopharyngeal dysfunction contributes signi-
 fi cantly to the dysphagia. Upper esophageal 
sphincter dilatation and botulinum toxin injec-
tions may provide temporary relief  [  32–  34  ] . 
Cricopharyngeal myotomy is the operation per-
formed most frequently to correct dysphagia in 
these patients. This procedure seems to be 
particularly successful in oculopharyngeal dys-
trophy  [  35,   36  ] . The presence of a signi fi cant 
gastroesophageal re fl ux is a relative contraindi-
cation to this procedure. The Cochrane Data Base 
reviewed various trials of adults and children 
with chronic untreatable non-in fl ammatory mus-
cle disease  [  37  ] . The interventions included 
dietary modi fi cation, swallowing maneuvers, 
enteral feeding, and other surgical interventions 
including cricopharyngeal myotomy. The unfor-
tunate conclusion was the lack of adequate trials 
to evaluate the ef fi cacy of treatments in the 
management of chronic myopathic dysphagia. 

 Dysphagia rehabilitation methods include 
muscle strengthening, compensatory methods 
(such as head turning and double swallowing), 
sensory stimulation, and dietary modi fi cation. 
However, these methods tend to more successful 
in neurogenic than in myopathic dysphagia. 
Therefore, the rehabilitation plan is individualized.      
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 Dysphagia is a common consequence after 
treatment for head and neck cancer and has 
been found in up to 40 % of head and neck cancer 
survivors  [  1  ] . Further, the incidence of aspiration 
pneumonia due to dysphagia in the patient treated 
with chemoradiotherapy has been found to range 
from 22 to 89 %  [  2–  6  ] , with silent aspiration 
occurring in up to 100 %  [  2  ] . Organ preservation 
treatment by radiotherapy and chemoradiotherapy 

has been found to result in cure rates comparable 
to those after surgery and radiation therapy for 
head and neck cancer  [  7–  12  ] . Further, chemora-
diotherapy has resulted in signi fi cantly improved 
locoregional control as compared to induction 
chemotherapy followed by radiotherapy or 
radiotherapy alone  [  13–  15  ] . However, when 
comparing chemoradiotherapy, induction chemo-
therapy followed by concomitant chemora-
diotherapy, and surgery and radiotherapy 
treatments, the mucosal toxicity of concomitant 
chemoradiotherapy has been found to be nearly 
twice as great as that seen after the other two 
treatments  [  13  ] .    Altered fractionation (i.e., 
hyperfractionation and/or acceleration) sched-
ules can improve locoregional control and over-
all survival  [  16,   17  ] . However, side effects, both 
acute and chronic have been found to be more 
severe  [  16  ] . 

      Dysphagia Secondary to the Effects 
of Chemotherapy and Radiotherapy          

     Cathy   Lazarus         

    C.   Lazarus ,  PhD., CCC-SLP, BRS-S, ASHA Fellow   (�)
     Department of Otolaryngology Head & Neck Surgery , 
 Beth Israel Medical Center ,   10 Union Square East , 
 New York ,  NY ,  USA  

   Department of Otorhinolaryngology Head & Neck 
Surgery ,  Albert Einstein College of Medicine , 
  New York ,  NY ,  USA  
  e-mail:  clazarus@chpnet.org   

  Abstract 

 This chapter reviews the effects of chemotherapy and radiotherapy on 
swallowing in treated head and neck cancer patients. Early and late effects 
of radiotherapy on tissues are described. Speci fi c effects of chemotherapy 
and radiotherapy on oropharyngeal swallowing are reviewed. Behavioral, 
medical, and surgical management of dysphagia in this population are 
discussed.  

  Keywords 

 Chemoradiotherapy  •  Dysphagia  •  Head and neck cancer  •  Radiotherapy  
•  Rehabilitation  •  Swallowing      



432 C. Lazarus

   Radiotherapy Physiologic Effects 

 The effects of external beam irradiation on tissues 
have been well documented. The acute and late 
effects of high-dose irradiation on nerves, 
muscles, and the vascular system have been 
studied extensively in animals. High-dose radia-
tion to the mouse tongue has resulted in injury to 
the neuromuscular junctures and produced wider 
synaptic cleft width  [  18  ] . Radiation-induced 
neuropathy has resulted in widened motor end-
plate zones and atrophied muscle  fi bers, with an 
increase in connective tissue  [  19  ] . Fewer motor 
end-plate potentials due to chronic impairment in 
nerve conduction have also been observed  [  19  ] . 
Muscle  fi ber atrophy, necrosis, degeneration of 
the T tubes and alteration of sarcoplasmic reticulum, 
the latter resulting in impairment of sarcomere 
contraction have been found  [  19,   20  ] . Vascular 
changes following irradiation have been found 
which result in replacement of muscle and tissue 
 fi brosis  [  21  ]  as well as loss of muscle  fi bers, 
decreased  fi ber size, and necrosis  [  21  ] . In fl a-
mmation has been seen as an early effect and 
atrophic  fi brosis has been observed as a late radi-
ation effect. 

 Early and late effects of radiation have also 
been examined in humans. Early effects, which 
typically occur during treatment or within the 
 fi rst 1–2 months of radiation exposure, include 
erythema, resulting from dilatation of capillaries, 
tissue ulceration and mucositis. Mucositis can 
result in pain, soreness, and ulceration  [  22  ] . 
Changes to the mucosa can also include erythema 
and desquamation following radiotherapy to the 
oral cavity and oropharynx  [  23  ] . In addition to 
tissue effects, other physiologic effects of radio-
therapy, particularly to the oral and oropharyn-
geal regions, can include burning sensation, 
altered tactile sensation, altered or reduced taste 
sensation, reduced dental sensation, xerostomia, 
and changes in the oral  fl ora. 

 Late effects of radiotherapy can include bone 
changes, such as osteoradionecrosis, trismus 
(restriction in mouth opening), and worsening of 
xerostomia  [  23–  28  ] . In addition, impaired pha-
ryngeal and laryngeal sensation has been found 

postradiotherapy  [  29  ] . Older age, advanced T 
stage, larynx/hypopharynx primary sites, and 
neck dissection after chemoradiotherapy have 
been associated with increased risk of late toxici-
ties  [  30  ] . Radiotherapy can also result in periph-
eral neuropathy  [  31–  33  ] . An additional late effect 
of radiotherapy, which typically occurs after 
6 months, is tissue  fi brosis. Radiation  fi brosis is 
characterized by damage to arteries, arterioles, 
and capillaries, with capillary occlusion and 
collagen replacement, which reduces the blood 
supply to the muscles, further interfering with 
muscle functioning. Fibrosis is characterized by 
changes in vascular connective tissue tissues that 
involve excessive extracellular matrix deposition, 
 fi broblast proliferation, and an in fl ammatory 
process  [  34,   35  ]  causing persistent induration 
and  fi brosis  [  36–  38  ] . Fibrosis has been associated 
with stiffness of tissues in the neck soft tissue, 
with a more severe degree of  fi brosis resulting in 
increased stiffness that can result in reduced 
range of motion  [  39  ] . Lingual necrosis has been 
observed following high-dose radiotherapy to 
the tongue base with interstitial implantation of 
the tumor  [  40  ] . 

 Both acute and late effects of radiotherapy to 
the oral cavity, oropharynx, and pharynx appear to 
be dose dependent, including total dose, dose per 
fraction, and total treatment time  [  41–  44  ] . Shorter 
latency to onset of side effects with increasing 
intensity of radiotherapy has been found, with 
tissue changes occurring up to 15 years after irra-
diation  [  43  ] . Less severe acute effects and reduced 
risk for late effects have been found with exten-
sion of overall treatment time  [  42  ] . 

 Radiotherapy can also affect muscle strength, 
though much of the research has focused on the 
limbs. Studies have shown a reduction in muscle 
strength with radiotherapy which persists over 
time  [  45,   46  ] , with reductions in muscle strength 
of up to 25 % following radiotherapy  [  45  ] . Muscle 
wasting and loss of movement have also been 
observed as early and late complications following 
radiotherapy to skeletal muscle  [  38  ] . Lingual 
muscle strength has been found to be reduced 
following chemoradiotherapy in oral and oropha-
ryngeal cancer patients as compared to healthy 
individuals  [  5  ] .  
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   Radiotherapy Effects on Salivary 
Function 

 Reduced salivary  fl ow in the irradiated head and 
neck cancer patient can have a major impact on 
swallow functioning. Saliva plays a critical role 
in maintaining and protecting the oral tissues. 
This is accomplished by lubricating the mucosal 
tissues, which provides a barrier to injury and 
providing salivary proteins, which protect against 
candida and which modulate the bacterial and 
fungal colonization within the oral cavity  [  47  ] . In 
addition, saliva provides lubrication to assist in 
bolus formation, manipulation, and propulsion 
 [  48,   49  ] . Reduced salivary  fl ow can result in 
increased oral transit times in individuals with 
salivary dysfunction  [  49  ] . In addition, saliva is 
necessary for triggering of the pharyngeal swallow 
 [  50  ] . Xerostomia results in elimination of sali-
vary bicarbonate and contributes to GERD and 
extraesophageal re fl ux in some patients  [  51  ] . 
Irradiated head and neck cancer patients have 
been found to exhibit markedly reduced unstimu-
lated salivary  fl ow rates when compared to normal 
controls  [  27,   52  ] . Further, there is often no recovery 
of salivary function over time in these patients 
 [  52  ] . Interestingly although perception of reduced 
salivary  fl ow correlates well with measured sali-
vary production, reduced salivary  fl ow does not 
affect oral phase physiology in terms of bolus 
transport through the oral cavity (i.e., oral transit 
times and percent oral residue)  [  53  ] .  

   Chemo and Radiotherapy Effects 
on Quality of Life 

 Inability to eat, either due to physiologic swal-
low impairment, or due to nausea, lack of appe-
tite, lack of or altered taste, xerostomia, and 
mucositis can have a devastating impact on qual-
ity of life  [  54–  57  ] . Alterations in taste after 
radiotherapy can play a major role in appetite 
and the pleasure of eating  [  54–  56  ] . Patients often 
complain of dif fi culty chewing, increased meal 
time, reduced pleasure eating, as well as sticky 

saliva, and food sticking in the mouth and 
throat, all of which can also result in a major 
negative impact on quality of life  [  54–  58  ] . 
Malnutrition and weight loss are an additional 
problem in this population and can result in pro-
longed dependence on nonoral means of nutri-
tion, such as gastrostomy or PEG feedings 
 [  57,   59,   60  ] . Patients have been found to lose 
10 % of their pretreatment weight and demon-
strate a decline in eating ability  [  59  ] . However, 
eating ability has been found to improve over the 
course of the  fi rst year after chemoradiation in a 
group of oral and oropharyngeal cancer patients, 
with all patients able to take at least 50 % of 
nutrition by mouth  [  61  ] . 

 Weight loss has been found to in fl uence out-
comes with chemoradiotherapy, including treat-
ment interruption  [  62  ] . It has been shown that 
weight loss greater than 20 % of prediagnosis 
weight signi fi cantly correlates with treatment 
interruptions  [  62  ] . Further, PEG insertion at the 
onset of treatment has been found to result in 
smaller reduction in body mass index at 
12 months posttreatment than in a similar group 
of patients who did not undergo PEG placement 
 [  63  ] . Not all patients, however, require PEG tube 
placement at the onset of treatment and nutri-
tional outcomes have been found comparable in 
patients undergoing prophylactic PEG vs. no 
PEG prior to radiotherapy  [  64  ] . In a group of 90 
consecutive patients who underwent chemora-
diotherapy, 60 % of the patients did not require 
PEG tube placement  [  65  ] . Adding oral nutri-
tional supplementation can have a positive 
impact on outcomes regarding weight loss and 
can result in lower rate of PEG tube placement 
 [  66  ] . Lee and colleagues  [  66  ]  found a 37 % 
reduction in weight loss in patients treated with 
chemoradiotherapy who received nutritional 
supplementation. Others have found placement 
of NG tubes only when needed during treatment 
to be an effective method for managing malnu-
trition in those treated with concomitant chemo-
radiotherapy to the head and neck  [  67  ] . These 
authors found a median duration of NG tube 
placement to be 40 days  [  67  ] .  
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   Chemo and Radiotherapy Effects 
on Swallowing Pathophysiology 

 Radiotherapy and chemoradiotherapy can have a 
profound impact on swallowing. Swallowing    
impairment following primary radiotherapy or 
chemoradiotherapy has been observed in head 
and neck cancer patients treated with chemora-
diotherapy to tumor sites including oral cavity, 
oropharynx, nasopharynx, hypopharynx, and 
larynx  [  2,   3,   5,   6,   13,   61,   68–  72  ] . Both oral and 
pharyngeal phase function can become impaired. 
Oral phase swallow impairment can include 
reduced ability to manipulate and propel a bolus, 
reduced lingual strength, increased oral transit 
times, and increased oral residue in patients 
treated with primary chemoradiotherapy  [  2,   3,   5, 
  61,   73  ] . Reduced lingual strength has been found 
to correlate with increased oral residue, pro-
longed oral transit times, and reduced oropharyn-
geal swallow ef fi ciency (OPSE, a global measure 
of swallowing safety and ef fi ciency)  [  74  ]  in 
patients treated with chemoradiotherapy to the 
oral cavity or oropharynx  [  5  ] . Tongue strength 
has been found to signi fi cantly correlate with 
percent oral intake in oral and oropharyngeal 
cancer patients treated with chemoradiotherapy 
 [  61  ] . The pharyngeal swallow has been found to 
trigger late in these patients  [  2,   4,   73  ] , likely due 
to peripheral sensory changes due to the radio-
therapy  [  23,   25  ] . 

 Pharyngeal phase swallow impairment has 
been observed across head and neck tumor sites 
and can include one or more of the muscular 
components of the pharyngeal motor response, 
including reduced tongue base posterior move-
ment, velopharyngeal closure, delayed triggering 
of the pharyngeal swallow, reduced pharyngeal 
contraction, reduced hypo-laryngeal motion, 
reduced laryngeal vestibule and glottic closure, 
and reduced opening of the upper esophageal 
sphincter, all of which can contribute to reduced 
bolus clearance through the pharynx and subse-
quent aspiration  [  2–  4,   6,   69,   70,   73  ] . Both speed 
of motion, timing and extent of pharyngeal struc-
tural movement have been found to be reduced 
as compared to healthy control subjects  [  4  ] . 
Aspiration typically occurs after the swallow, 

due to pharyngeal residue, and is often silent, due 
to reduced cough re fl ex as well as reduced laryn-
gopharyngeal sensation in these irradiated 
patients  [  23,   29  ] . Pharyngeal manometry has 
revealed reduced tongue base and pharyngeal 
wall pressures that correlate with impaired bolus 
clearance and pharyngeal residue in irradiated 
head and neck cancer patients  [  75  ] . Stenosis or 
stricture within the oropharynx and pharyngo-
esophageal (PE) region has also been observed in 
patients treated with high-dose chemoradiation 
 [  1,   68,   76  ] . 

 Although swallow impairment can be seen 
during and soon after radiotherapy, patients often 
demonstrate swallowing impairment as a late 
effect of radiotherapy, due to the later effects of 
tissue  fi brosis  [  5,   37,   46,   77,   78  ] , with impair-
ment in pharyngeal constrictor motion, reduced 
laryngeal motion for airway protection and upper 
esophageal sphincter opening, and reduced bolus 
clearance through the pharynx  [  5,   77–  79  ] . These 
late effects of radiation  fi brosis can occur up to 
40 years posttreatment. In a group of patients 
having undergone radiotherapy at least 10 years 
previously, all patients demonstrated pharyngeal 
phase motility disorders including reduced laryn-
geal elevation, reduced cricopharyngeal opening, 
reduced laryngeal vestibule closure, and impaired 
tongue base to pharyngeal wall contact during the 
swallow  [  80  ] . 

 There is disagreement in the literature as to 
the course of swallow functioning after concomi-
tant chemoradiotherapy treatment. Swallowing 
has been found to improve over the course of 
12 months in a group of oral and oropharyngeal 
cancer patients treated with primary chemoradio-
therapy, with a signi fi cant drop in ability to eat 
1 month posttreatment and 100 % of patients able 
to take at least half of their nutrition by mouth 
by 12 months posttreatment  [  61  ] . However, 
Logemann and colleagues  [  73  ]  found that 
patients treated with primary chemoradiotherapy 
demonstrated an increase in frequency of oral 
and pharyngeal phase swallow motility disorders 
over time and a signi fi cant decrease in frequency 
of functional swallow from baseline to 3 months 
postchemoradiotherapy, with some improvement 
was seen by 12 months. 
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 High-dose rate (HDR) intraoperative radio-
therapy (IORT) and interstitial radiotherapy 
(i.e., brachytherapy) have been utilized with 
surgery and chemoradiotherapy with good out-
comes in terms of disease control and long-term 
survival in new and recurrent head and neck 
tumors  [  81–  84  ] . Both IORT and brachytherapy 
were developed to deliver high-dose radiotherapy 
into the tumor bed in order to minimize dosage to 
surrounding healthy tissue and also preserve 
salivary function  [  85  ] . 

 A new subset of patients with oropharynx 
tumors have been identi fi ed that are nonsmokers 
and nondrinkers but have human papillomavirus 
(HPV) tumor markers  [  86–  88  ] . Response to 
chemoradiotherapy regimens in these patients 
has been better than that seen in comparable 
patients who have HPV-negative tumors  [  86  ] . 
A 58 % reduction in risk of death posttreatment 
has been found in HPV-positive cancers as 
compared to HPV-negative tobacco-related 
cancers  [  86,   89  ] . Thus, newer radiotherapy treat-
ment regimens are currently being developed to 
deintensify radiotherapy treatment for this subset 
of patients.  

   Evaluation and Treatment 
of Swallowing Problems After 
Chemoradiotherapy 

 Instrumental assessment of swallowing is critical 
to de fi ne the physiologic swallowing abnormali-
ties and determine whether therapeutic strategies 
might improve swallow ef fi ciency and safety. 
Instrumental techniques include the Modi fi ed 
Barium Swallow (video fl uoroscopic swallow 
study)  [  90,   91  ]  and Flexible Endoscopic Evalu-
ation of swallowing (FEES)  [  92–  94  ] . Assessment 
should utilize calibrated bolus volumes as well 
as varied bolus viscosities, including liquids, 
pudding, and a masticated consistency to assess 
the impact of bolus variables on oropharyngeal 
swallow functioning. Therapeutic strategies 
should be a component of the instrumental assess-
ment, and can include postures, swallow maneu-
vers, and sensory enhancements to improve 
swallow functioning  [  95,   96  ] . Manometry can be 

employed to assess oral and pharyngeal pressure 
generation and upper esophageal sphincter func-
tion during swallowing  [  75,   97–  99  ] . When paired 
with  fl uoroscopy, pressure information can be 
correlated with physiologic events that occur 
(i.e., reduced UES opening, reduced tongue base 
and pharyngeal constrictor motion, both of which 
can result in reduced bolus clearance and residue) 
in the oral and pharyngeal phases of swallowing. 

 Swallow maneuvers can modify various 
aspects of the pharyngeal motor response, 
speci fi cally, modifying extent, timing, and/or 
coordination of pharyngeal structural movement. 
The Mendelsohn maneuver and Shaker exercise 
both focus on increasing the extent and duration 
of hyo-laryngeal movement, thereby increasing 
the width and duration of upper esophageal 
sphincter opening  [  100–  103  ] . The super supra-
glottic swallow maneuver assists in early airway 
entrance and glottic closure for added airway 
protection for those with reduced or slowed air-
way closure, as is often seen in patients after 
chemoradiotherapy  [  104,   105  ] . The Effortful 
swallow is designed to improve tongue base 
posterior motion to improve contact with the 
posterior pharyngeal wall and thereby improve 
bolus clearance through the upper pharynx 
 [  80,   106–  110  ] . This maneuver has been found to 
generate higher velocity bolus driving forces to 
propel the bolus into and through the pharynx for 
improved bolus clearance through the oral cavity 
and pharynx  [  80,   106,   107  ] . The tongue-hold 
maneuver is designed to improve pharyngeal 
constrictor motion (i.e., anteriorward), which is 
frequently impaired in these patients  [  90,   111,   112  ] . 
The pharyngeal squeeze maneuver is an addi-
tional maneuver that may improve pharyngeal 
constrictor motion for swallowing  [  113  ] . These 
maneuvers cannot only improve the extent of 
pharyngeal structural movement, but also improve 
timing and coordination of the pharynx l during 
swallowing  [  80,   106  ] . 

 Postures do not alter swallow physiology; 
rather, they can change bolus  fl ow through the 
oral cavity and pharynx  [  95  ] . These include chin 
tuck, head back, head tilt, head rotation, and lying 
down to improve bolus  fl ow and clearance 
through the oral cavity and pharynx. They also 



436 C. Lazarus

afford improved airway protection (i.e., chin 
tuck, head rotation) as well as improved bolus 
clearance in unilateral oral and pharyngeal 
impairment  [  95  ] . The Modi fi ed Barium Swallow 
study and the FEES examination both are useful 
for determining the effects of postures and 
maneuvers, once the speci fi c physiologic disor-
ders are identi fi ed.  

   Prevention of Swallowing Problems 
for Patients Undergoing 
Chemoradiotherapy 

 Since approximately 44 % of patients experience 
dif fi culty swallowing following chemoradio-
therapy  [  114  ] , clinicians have begun to provide 
prophylactic, pretreatment swallow exercise pro-
grams to patients. These exercises are designed 
to preserve range of motion, rate, coordination, 
and  fl exibility of the vocal tract musculature 
involved in swallowing  [  95  ] . These exercises 
focus on maintaining tongue, jaw, and pharyn-
geal constrictor strength, hyo-laryngeal elevation 
and anterior motion, airway closure, and upper 
esophageal sphincter opening. This treatment 
regimen typically includes tongue range of 
motion, tongue strengthening, tongue base range 
of motion (i.e., effortful swallow, tongue-hold 
maneuver, and tongue base retraction exercise 
(gargle)  [  115  ] ), jaw range of motion (as indi-
cated), pharyngeal constrictor exercise (tongue-
hold maneuver), hyo-laryngeal elevation/upper 
esophageal sphincter opening exercises 
(Mendelsohn maneuver, Shaker exercise), and 
airway closure exercises (i.e., super supraglottic 
swallow). A range of motion and strengthening 
exercises have been found to improve lingual 
function and swallowing  [  116–  119  ] . Patients are 
instructed to perform these exercises on a daily 
basis during chemoradiotherapy. 

 There are recent studies that support the use of 
swallow exercise programs during radio/chemo-
radiotherapy. Two studies have shown potential 
bene fi t to patients undergoing primary radio/
chemoradiotherapy, with improvement in both 
quality of life and pharyngeal phase swallow 

functioning as compared to control (no-exercise) 
groups  [  120,   121  ] . A randomized study examined 
the effects of tongue strengthening exercise on 
swallowing during chemoradiotherapy in oral/
oropharyngeal cancer patients. Although these 
authors found no change in tongue strength when 
comparing the two groups (exercise vs. no exer-
cise), they found signi fi cantly improved quality 
of life in the treatment group as compared to the 
controls, perhaps because the treatment group 
was doing an exercise protocol  [  122  ] . A recent 
randomized clinical trial examined the effects of 
two exercise regimens: (1) “standard” rehabilita-
tion exercise (i.e., range of motion and strength-
ening (effortful, tongue-hold, and super 
supraglottic swallow); and (2) experimental reha-
bilitation exercise: “standard” exercise plus 
passive mouth opening using a mobilization 
device  [  123  ]  combined with a suprahyoid muscle 
strengthening task  [  124  ] . These authors found 
signi fi cantly less residue based on MBS evalua-
tion in the experimental exercise arm  [  124  ] . 
These authors also observed good ability to 
perform the exercises and fairly good compliance 
with the exercise programs during chemoradio-
therapy  [  124  ] , providing support for the use of 
exercise programs during treatment. Further, 
research has shown that delayed swallow therapy 
is not as useful as therapy within the  fi rst year of 
treatment  [  125  ] . 

 Since swallowing impairment can last up to a 
year, patients should be followed with the even-
tual goal of maximizing diet type and removal of 
PEG tubes. Clinicians should work with nutri-
tionists to determine best caloric and nutritional 
needs when PEG feedings are weaned and oral 
intake is increased. Nutritional counseling with 
added oral nutritional supplementation can 
improve outcomes related to weight loss and 
PEG tube placement  [  62  ] . Further, nutritional 
supplementation has been associated with a 37 % 
relative reduction in weight loss in patients treated 
with chemoradiotherapy  [  62  ] . 

 As patients may experience dysphagia long 
after chemoradiotherapy treatment, patients 
should be monitored yearly for changes in 
swallowing for at least 5 years posttreatment. 
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In addition, patients should be encouraged to 
continue performing swallowing exercises given 
during treatment with the goal of preventing 
additional  fi brotic changes to the oral and pharyn-
geal tissues that may have a negative impact on 
swallowing  [  126  ] . However, research is needed 
to examine treatment ef fi cacy for prevention of 
late onset dysphagia with use of these exercises. 
A newer strategy to improve oropharyngeal swal-
low functioning includes neuromuscular surface 
electrode electrical stimulation (NMES); how-
ever, the majority of data currently do not support 
its use  [  127  ] . However, randomized clinical trials 
are currently under way examining the effects of 
NMES on swallowing in treated head and neck 
cancer patients. Electrical stimulation has been 
utilized with good results to improve neck range 
of motion in patients treated with radiotherapy to 
the head and neck  [  128  ] . 

 A newer technique, expiratory muscle strength 
training, designed to improve respiratory strength 
has been found to improve swallowing and cough 
 [  129–  132  ] . This technique has only been investi-
gated in neurologically impaired patients, but 
warrants investigation in the treated head and 
neck cancer population. 

 In addition to swallowing management, newer 
treatments have shown some promise in the 
management of oral mucosal  fi brosis. Trental 
(Pentoxifylline) has been found to reduce some 
of the symptoms of  fi brosis  [  133  ] . Speci fi cally, 
in a randomized clinical trial, this medication 
has been found to result in improved mouth 
opening, improved tongue range of motion, 
reduced intolerance to spicy foods, and reduce 
the symptoms of dysphagia and dif fi culty speak-
ing  [  133  ] . Treatment of lymphedema with 
manual lymphatic drainage and complex decon-
gestive therapy has been utilized to reduce 
lymphatic pooling for other tumor sites, such as 
the limbs following radiotherapy in breast cancer 
patients  [  134  ] . These techniques have been advo-
cated to improve swallow functioning in treated 
head and neck cancer patients. However, no data 
to date have examined the ef fi cacy of these tech-
niques in the irradiated head and neck cancer 
population.  

   Prevention of Dysphagia 

 Intensity-modulated radiotherapy (IMRT) has 
been developed to spare structures related to 
swallowing as well as spare salivary function. 
Pharyngeal phase abnormalities, as identi fi ed by 
video fl ouroscopy, have been found to correlate 
with anatomic changes in pharyngeal structures 
in patients after chemoradiotherapy to the head 
and neck  [  135  ] . Speci fi cally, structural damage to 
the pharyngeal constrictors and larynx correlated 
with impairment in pharyngeal contraction, 
laryngeal elevation, and closure and contributed 
to aspiration in these patients  [  135  ] . In these same 
patients having undergone IMRT, they demon-
strated sparing of the pharyngeal constrictors and 
larynx as compared to standard three-dimensional 
radiotherapy. Further, dosage of radiotherapy was 
found to correlate with swallow functioning and 
aspiration  [  135  ] . A similar study examining dose 
sparing to the superior constrictors and protec-
tion of glottic larynx with IMRT found only one 
instance of aspiration and feeding tube depen-
dence 24 months after treatment in a cohort of 31 
patients treated for oropharyngeal cancer  [  136  ] . 
A similar study in a group of nasopharynx and 
oropharynx cancer patients found that higher 
doses to the pharyngeal constrictors and laryn-
geal region signi fi cantly correlated with impair-
ment in bolus clearance through the pharynx due 
to reduced tongue base, pharyngeal constrictor, 
and laryngeal elevation for swallowing  [  137  ] . 
Reduced rates of dermatitis as well as lower rates 
of gastrostomy tube placement have been found 
in patients treated with IMRT vs. conventional 
radiotherapy  [  44  ] .  

   Medical and Other Management 
of Chemoradiotherapy Side Effects 

 Patients can develop late onset debilitating prob-
lems related to high-dose radiotherapy. These can 
include pharyngeal and/or esophageal stricture, 
due to tissue  fi brosis, osteoradionecrosis of the 
mandible, chronic xerostomia, and trismus. For 
those patients who develop pharyngo-esophageal 
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stricture, esophageal dilation has been employed, 
including antegrade, retrograde, and combined 
antegrade and retrograde endoscopic dilation, 
with good results  [  138–  141  ] . However, patients 
often require multiple dilations  [  141  ] . Therefore, 
pharyngeal and pharyngo-esophageal reconstruc-
tion with microvascular free  fl aps has been utilized 
to improve swallow functioning with good 
reported results  [  142–  145  ] . Jaw range of motion 
exercises are typically prescribed for those 
patients with trismus  [  95  ] . These are designed to 
improve maximal opening, lateral motion, and 
rotary motion for chewing. Mobilization regi-
mens that mechanically assist jaw opening have 
been found to signi fi cantly improve jaw range of 
motion in the radiated patient as compared to 
both unassisted exercise and mechanically 
assisted exercise with stacked tongue depressors 
 [  123  ] . Arti fi cial saliva products are often used to 
compensate for xerostomia. In addition, re fl ux 
medications to suppress acid production and 
hopefully decrease stricture formation are often 
prescribed for the irradiated patient. Acupuncture 
has been used to treat xerostomia, with improved 
salivary  fl ow reported  [  146–  148  ] . However a 
recent systematic review of the acupuncture 
literature to treat radiation-induced xerostomia 
has shown limited evidence of its bene fi t  [  149  ] . 
Osteoradio-necrosis can occur as a sequela of 
high-dose radiotherapy to the mandible, where 
bone can become devitalized and exposed, with 
infection and pathologic fracture development 
 [  150,   151  ] . Hyperbaric oxygen (HBO) treatment 
has been utilized to increase the diffusion of 
oxygen into hypoxic tissues, which can stimulate 
 fi broblast proliferation and collagen formation 
 [  152,   153  ] . However, HBO does not necessarily 
result in favorable outcomes, particularly in those 
patients with severe ORN  [  154,   155  ] . Mandibular 
reconstruction with microvascular surgery utiliz-
ing free tissue transfer with bone can replace 
devascularized bone and improve outcome, 
including elimination of infection, restoring man-
dibular continuity, dental occlusion, and allowing 
for dental rehabilitation  [  156  ] . Osteocutaneous-
free  fl aps can include scapula,  fi bula, and iliac 
crest  [  156  ] . 

 The effects of radiotherapy and chemoradio-
therapy can have a major impact on swallowing 
and quality of life. Future studies are needed to 
determine optimal swallow therapy regimens 
during and after completion of radiotherapy or 
chemoradiotherapy to maximize and maintain 
swallow functioning. Timing, duration, fre-
quency, dosage, and overall treatment time need 
to be examined. Further, future studies should 
examine the utility of swallow exercise programs 
on a long-term basis, such as 5–10 years to deter-
mine whether swallow function and oral intake 
can be maintained over time. In addition, the 
effects of these exercise regimens on prevention 
of tissue  fi brosis need to be examined. Radiation 
treatment regimens and adjuvant chemotherapy 
agents need to be re fi ned to minimize damage to 
oral, pharyngeal and laryngeal structures, as well 
as to minimize side effects of xerostomia, 
mucositis, altered taste and sensation.      
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 Swallow or deglutition syncope is characterized 
by temporary loss of consciousness that occurs 
during or immediately following swallowing. 

 Despite increasing awareness of this rare con-
dition, there are less than 100 reported cases in 
the English literature since the condition was  fi rst 
described by Spens in 1793  [  1  ] . 

   Clinical Presentation 

 Affected patients report a variety of symptoms 
that include lightheadedness, dizziness,  weakness, 
near-fainting, or complete temporary loss of 
 consciousness that accompany or shortly follow 
swallowing. These intermittent symptoms may 
be present for decades before patients seek 
 medical attention or diagnosis is made  [  2–  4  ] . The 
syncopal symptoms may be associated with 
odynophagia or dysphagia in some patients. 
Other symptoms such as throat or chest pain may 
be part of the presentation  [  5–  12  ] . 

 Swallow syncope occurs with various food 
consistencies (solid, liquid, carbonated or 
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 noncarbonated beverages, water, soup) and 
temperatures (hot or cold)  [  8,   9,   12–  20  ] .  

   Conditions Associated with Swallow 
Syncope 

 Only about 40% of the reported cases had under-
lying gastroesophageal disorder. Therefore, gas-
troesophageal pathology is not a prerequisite for 
development of swallow syncope. Structural and 
functional gastroesophageal conditions reported 
in association with swallow syncope are listed in 
Table  31.1 . These include esophageal web, gas-
troesophageal re fl ux disease, esophagitis, peptic 
stricture, Schatzki’s ring, esophageal diverticu-
lum, esophageal carcinoma, achalasia, diffuse or 
focal esophageal spasm, Nutcracker’s esophagus, 
hiatal hernia, and gastric banding  [  5–  15,   17–  19, 
  21–  31  ] .  

 Extra-digestive conditions have also been 
reported in association with swallow syncope 
(Table  31.1 ): periodontitis, carotid endarterec-
tomy, lung cancer, thoracic aortic aneurysm, and 
thoracic surgery  [  3,   9,   32–  35  ] . 

 Underlying cardiac disease is not present in 
most patients. However, coronary artery disease, 

congestive heart failure, atrial  fi brillation, and 
sick-sinus syndrome have been described in some 
patients  [  3,   4,   8,   12,   17,   34,   36,   37  ] .  

   Mechanism 

 Swallow syncope is a neurally mediated 
 situational syncope  [  38  ] . The afferent limb of the 
re fl ex likely originates from the esophageal 
branches of the vagus, whereas the efferent limb 
of the re fl ex likely involves the cardiac branches 
of the vagus, as atropine had been reported to 
effectively abolish the cardiac arrhythmia and 
subsequent symptoms  [  2,   3,   7,   9,   11,   15,   37,   39  ] .  

   Diagnosis 

 The diagnosis is suspected from the history, and 
con fi rmed by documenting cardiac arrhythmias 
in association with swallow-induced symptoms. 
Underlying esophageal structural pathology 
should be investigated by barium esophogram 
and endoscopy. If these investigations are unre-
vealing and the symptoms include dysphagia, 
heartburn, or regurgitation, esophageal manome-
try, pH, and impedance studies should be consid-
ered to determine the presence of esophageal 
dysmotility or re fl ux. 

 The majority of arrhythmias associated with 
swallow syncope are brady-arrhythmias: sinus 
 bradycardia, junctional bradycardia, atrial and 
ventricular asystole, and varying degrees of 
atrio- ventricular block  [  4,   7,   8,   10–  12,   15,   17, 
  19,   34  ] . Rarely, swallow syncope may be associ-
ated with atrial  fi brillation and rapid ventricular 
rate  [  5,   18,   25  ] .  

   Management 

 Therapy involves identi fi cation and correction of 
any underlying esophageal pathology. Drugs that 
result in cardiac conduction delay should be dis-
continued. Despite reported ef fi cacy, the side 
effects of atropine or propantheline limit their use 
in this condition  [  2,   11,   37  ] . Selective vagotomy 

   Table 31.1    Conditions associated with swallow syncope   

 Gastroesophageal 
 Esophageal web 
 Gastroesophageal re fl ux disease 
 Esophagitis 
 Esophageal peptic stricture 
 Schatzki’s ring 
 Esophageal diverticulum 
 Esophageal carcinoma 
 Achalasia 
 Esophageal spasm (diffuse or focal) 
 Nutcracker’s esophagus 
 Hiatal hernia 
 Gastric banding 

 Non-gastroesophageal 
 Periodontitis 
 Carotid endarterectomy 
 Lung cancer 
 Thoracic aortic aneurysm 
 Thoracic surgery 
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had been described but is rarely necessary  [  39  ] . 
Placement of a cardiac pacemaker is the most 
ef fi cacious intervention at preventing recurrence 
of presyncopal and syncopal attacks, even if the 
underlying esophageal condition cannot be 
treated or corrected  [  4,   18,   36,   40,   41  ] .  

   Prognosis 

 Swallow syncope may result in signi fi cant physi-
cal injuries if it occurs without warning or at 
critical times, such as operating heavy machin-
ery, driving, or exercise. Although affected 
patient’s survival has not been reported to be 
decreased, the quality of life may be negatively 
impacted especially if the clinical course is 
marked by recurrent syncopal attacks.      
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  Abstract 

 Globus is an extremely common, benign condition in the community. 
Surprisingly little is known about its aetiology. While re fl ux disease can be 
a contributory factor in a proportion of patients, there is no high level 
evidence that re fl ux causes globus. Controlled, carefully conducted 
radiological and manometric studies have failed to demonstrate consistent 
underlying motor dysfunction of the pharynx, cricopharyngeus or oesoph-
agus. Oscillatory, inspiration-related augmentation in upper oesophageal 
sphincter pressure has been demonstrated but the pathogenetic relevance 
of this  fi nding is unclear. Oesophageal hypersensitivity and aberrant vis-
cerosomatic referral of oesophageal sensation to the neck has been dem-
onstrated suggesting upregulation of oesophageal visceral afferents might 
be implicated. Clinical assessment in cases where globus is the sole symp-
tom and in which there are no “alarm” symptoms (dysphagia, weight loss, 
pain, hoarseness), could be con fi ned to nasolaryngoscopic examination of 
the larynx and pharynx. While current guidelines recommend a trial of PPI 
therapy in globus, there is no high level evidence to support this recom-
mendation. A randomised controlled study has shown APC ablation of 
cervical oesophageal inlet patch mucosa, when present, can alleviate glo-
bus. Adoption of such therapy, however, must balance the risk of potential 
complications with a very common benign sensory symptom.  

   Keywords 

 Globus pharyngeus  •  Antire fl ux therapy  •  Argon plasma coagulation 
(APC) ablation  •  Visceral hypersensitivity  •  Dysphagia  •  Odynophagia      

   Symptom   -Based De fi nition 

 The term “globus” is derived from the Latin 
meaning “ball”. It was originally termed globus 
hystericus implying a female preponderance 
and psychogenic aetiology. Appropriately, the 
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quali fi er “hystericus” has been dropped. 
Currently, the most widely accepted, consensus-
based diagnostic de fi nition is provided by the 
Rome III diagnostic criteria (Table  32.1 )  [  1  ] .  

 Typically the symptom is perceived as a 
sense of a lump or retained food bolus or tight-
ness in the throat. A range of additional foreign 
body-like descriptors is reported by patients 
including a sense of retained particulate matter, 
mucus accumulation or a restrictive or choking 
sensation. The sensation is usually localised to 
the midline between the thyroid cartilage and 
the manubriosternal notch but in 20 % of cases 
it is perceived in the paramedian position  [  2  ] . 
There is reasonably good broad agreement 
among  investigators on the types of sensations 
that constitute globus. Furthermore, factor 
analysis con fi rms that this patient population is 
clearly distinguishable from dysphagia and 
throat pain  [  3  ] . As the pathophysiology of glo-
bus remains unknown, and as there is no current 
biological marker for the condition, the diagno-
sis remains a clinical one. There are additional 
quali fi ers on which there seems to be broad 
agreement. The symptom is non-painful, fre-
quently improves with eating, and is frequently 
episodic  [  2–  5  ] . Conversely, there are a number 
of features which most would agree incompati-
ble with the diagnosis such as constant or inter-
mittent pain or weight loss  [  4,   6  ] ; dysphagia or 
odynophagia  [  3,   7  ] . Re fl ux disease can cause 
varying symptoms in the neck and throat and 
some cases of globus are associated with re fl ux 
disease (see below).  

   Epidemiology 

 Globus is extremely common being reported in 
7–46 % of apparently healthy individuals with 
the peak incidence in middle age and very 
 uncommon in individuals under 20  [  2,   4,   8–  10  ] . 
Overall, the symptom accounts for around 4 % of 
ENT referrals  [  11  ] . The symptom in healthy 
 individuals who are not seeking health care for it 
shares an equal prevalence between males and 
females  [  4,   6,   12  ] . There is a higher prevalence of 
females among those seeking health care for glo-
bus  [  2  ]  and female gender appears to be a risk 
factor for globus in patients undergoing upper 
gastrointestinal endoscopy  [  13  ] .  

   Diagnosis and Evaluation 

 The diagnosis is made on clinical history. It is 
important to distinguish globus from dysphagia 
at the outset as the diagnostic algorithms will dif-
fer markedly  [  14  ] . The impression that this dis-
tinction can be made reliably on clinical grounds 
has been backed up by systematic analysis of 
symptoms. Factor analysis, utilising a self-report 
(ten-item) symptom scale, the Glasgow–
Edinburgh throat scale, derived from 105 con-
secutive patients found that globus sensation 
could be segregated from dysphagia and pain in 
those seeking health care  [  3  ]  and in those not 
seeking health care  [  15  ] . 

 Physical examination of the neck followed by 
nasolaryngoscopic examination of the pharynx 
and larynx are advised. The risk of cancer is very 
low in globus and it remains unproven whether 
nasolaryngoscopy should be done routinely  [  5, 
  16–  18  ] . It is very rare for globus to be the sole 
presenting symptom of pharyngolaryngeal 
 malignancy and cancer is usually accompanied by 
pain, dysphagia or hoarseness. A series of 120 
globus patients undergoing rigid oesophagoscopy 
under general anaesthesia showed hypopharyn-
geal cancer in two, but both of these had additional 
symptoms including dysphagia and hoarseness 
 [  16  ] . Timon et al. reported a tongue base tumour 

   Table 32.1    Rome III: diagnostic criteria for globus  [  1  ]    

 At least 12 weeks, which need not be consecutive, in the 
preceding 6 months of 

  Persistent or intermittent, non-painful, sensation of a 
lump or foreign body in the throat 
 Occurrence of the sensation between meals 
 Absence of dysphagia, odynophagia 
  Absence evidence that gastroesophageal re fl ux is the 
cause of the symptom 
  Absence of histopathology-based oesophageal motility 
disorders 
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in 1 of 83 prospective cases referred to an ENT 
clinic  [  17  ] . Furthermore, long-term follow-up 
studies out to 7 years do not report the later appear-
ance of upper aerodigestive tract malignancy in 
patients with simple globus sensation  [  5  ] . 

 Beyond nasolaryngoscopy currently there is 
no uniformly agreed policy on investigation or 
treatment  [  19  ] . That study found, at least in a 
 survey of ENT surgeons in the UK, that 14 % do 
not perform any investigations (apart from naso-
laryngoscopy) on these patients. Of the remain-
der, the most common investigation is rigid 
oesophagoscopy (61 %) followed by barium 
swallow (56 %). The argument for re fl ux not-
withstanding, and the potential for  fi nding het-
erotopic gastric mucosa in the cervical oesophagus 
in a minority of patients (see below), there is little 
evidence to support the need for routine oesopha-
goscopy in the evaluation of simple globus sensa-
tion in the absence of additional symptoms that 
might suggest oesophageal neoplasia (e.g. pain, 
dysphagia or weight loss). Barium swallow, while 
detecting incidental  fi ndings in some, adds little 
of diagnostic value in globus  [  20  ] . At present, in 
lieu of clear guidelines, it would seem reasonable 
to perform outpatient nasolaryngoscopy for the 
isolated symptom of globus and reserve oesopha-
goscopy for cases in whom there are additional 
alarm symptoms such as dysphagia, pain, hoarse-
ness or weight loss  [  21  ] .  

   Associated Conditions 

 A number of radiographic  fi ndings have been 
reported in association with globus, largely in ret-
rospective studies. Hiatus hernia, cervical osteo-
phytes, cricopharyngeal bar, cervical web, peptic 
ulcer and gallstones have been reported, but the 
prevalence of such  fi ndings varies dramatically 
among such studies; probably because a subset 
had additional dysphagia  [  6,   22,   23  ] . A well 
designed prospective analysis of 77 consecutive 
cases found normal radiological examinations in 
53 % and hiatus hernias in only 13 %  [  24  ] . Hiatus 
hernia is unlikely to have aetiological signi fi cance 
as the reported prevalence of hiatus hernia in 

uncontrolled studies of globus patients (30–50 %) 
 [  6,   23  ]  is comparable to that estimated in the gen-
eral population  [  25,   26  ] . The cricopharyngeal 
bar, found in up to 17 % of individuals undergo-
ing contrast radiography  [  27,   28  ] , is no more 
prevalent in globus  [  6  ] . 

 There are a number of recent case reports of a 
suspected association between globus and cervi-
cal oesophageal inlet patch (heterotopic gastric 
mucosa)  [  18,   29–  31  ] . These small case reports do 
not tell us much as the majority of globus suffer-
ers do not have an inlet patch. Furthermore, the 
prevalence of an inlet patch ranges from 1 to 5 % 
in unselected endoscopies. The true prevalence 
may be greater as its detection depends on 
the level of endoscopist vigilance  [  32–  35  ] . 
Nonetheless, a prospective cross-sectional survey 
of 2,053 consecutive endoscopies, aided by nar-
row band imaging, reported the prevalence of 
globus symptom to be 5.8 % and a prevalence of 
inlet patch of 13.8 %  [  13  ] . After excluding those 
who had been using PPIs, and by applying multi-
variate analysis that group found that both non-
erosive re fl ux disease (NERD) and inlet patch 
were independent risk factors for globus  [  13  ] . 
Interestingly they also found that asymptomatic 
erosive GERD was inversely related to globus 
postulating that oesophageal hypersensitivity 
rather than acid re fl ux per se, might be more 
important than acid re fl ux itself.  

   Pathogenesis of Globus 

 A wide range of pathogenic mechanisms have 
been proposed to account for globus. These 
include gastroesophageal re fl ux, cricopharyngeal 
spasm, pharyngeal or oesophageal dysmotility, 
pharyngeal or oesophageal visceral hypersensitiv-
ity. While many of these are plausible, high level 
evidence for a direct causative link between any 
of them and globus remains to be demonstrated. 

 Cricopharyngeal hypertonicity was initially 
suspected to be a cause of globus when an early 
study, using a posteriorly oriented perfused 
 catheter and pull-through technique, found 
higher resting upper oesophageal sphincter (UES) 
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 pressures when compared with controls  [  36  ] . 
However, UES pressure is labile and both respon-
sive to emotional stress and to local physical 
stimulation. Hence this  fi nding may better re fl ect 
an abnormal response to the mechanical stimula-
tion induced by the pull-through itself or the 
attendant discomfort in the process  [  37  ] . 
Accordingly, subsequent studies, either using sta-
tionary sleeve sensors  [  12,   38  ]  or non-perfused 
manometric catheters and a station pull-through 
technique to measure UES tone  [  12,   39  ] , or solid-
state high-resolution manometry  [  40  ]  found no 
difference in resting UES pressure in globus 
when compared with healthy controls. The notion 
that UES hyper-reactivity might be implicated in 
globus has been formally evaluated in response 
to physiological phenomena and experimental 

stimuli known to augment upper sphincter tone 
including emotional stress, mechanical oesopha-
geal distension and respiratory oscillation of rest-
ing UES pressure. Although the symptom of 
globus is anecdotally precipitated by deep emo-
tion, and while the UES normally contracts in 
response to emotional stress  [  37  ] , such stress-in-
duced augmentation in UES tone in these patients 
is normal  [  38  ] . The physiological augmentation 
of UES pressure in response to oesophageal bal-
loon distension in globus patients has been shown 
to be comparable to that seen in healthy controls 
 [  41  ] . More recently, Kwiatek et al. found exag-
gerated respiratory oscillatory augmentation of 
UES pressure in globus when compared with 
controls (Fig.  32.1 )  [  40  ] . The signi fi cance of this 
 fi nding is unclear. While transient changes in 
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  Fig. 32.1    Exaggerated respiratory oscillatory augmenta-
tion of UES pressure in globus. Shown are pressure–time 
plots of resting upper oesophageal sphincter (UES) pres-
sure during respiration in ( a ) an asymptomatic control, ( b ) 
a globus patient with hyperdynamic respiratory UES aug-
mentation and ( c ) a globus patient with a phase-shifted 
respiratory augmentation such that maximal augmenta-
tion occurred during expiration. Note that despite the 

signi fi cantly larger oscillations of pressure in tracings 
panels ( b ) and ( c ) compared with the control ( a ), the 
 maximal pressure recorded is similar between the three 
subject types. ( White  and  black arrows mark  the midpoints 
of inspiration (I) and expiration (E), respectively). From 
M. Kwiatek et al. Am J Gastroenterol 2009;104:289–98 
with permission (Fig. 2)         
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UES tone do not underpin the symptom of glo-
bus, the  fi ndings of Kwiatek et al. may represent 
an upregulation of vagal neural pathways that are 
likely to share a common mechanism with per-
ception of globus sensation.  

 Based on videoradiographic and most mano-
metric assessments, the pharyngeal swallow 
mechanism is normal in globus  [  22,   40–  42  ] . This 
is not surprising as these patients do not have 
dysphagia and symptoms generally improve dur-
ing the meal. Reports from manometric studies 
are discrepant. Wilson et al.  [  12  ]  reported these 
patients to have higher hypopharyngeal and UES 
after-contraction pressures when compared with 
controls. However, in that study, mean hypopha-
ryngeal amplitudes in controls was only 40 mmHg 
which is substantially lower than normal pharyn-
geal pressures reported by others  [  43  ] . One study 
reported that the urge to swallow, and hence the 
swallow frequency increases between meals in 
these patients. It is uncertain whether this habit-
ual dry swallowing, presumably to “dislodge” the 
apparent bolus, is a result of the foreign body 
sensation or whether it contributes to the sensa-
tion by periodically causing air entrapment in the 
proximal oesophagus  [  44  ] . 

 Given the observed oesophageal hypersensitiv-
ity to distension in this group (see below), it might 
be argued that oesophageal motor or sensory dys-
function may better account for globus than phar-
yngo-cricopharyngeal dysfunction. A tertiary 
referral centre, which carefully examined physio-
logical and psychometric variables in globus 
patients, reported approximately 25 % of those 
presenting with globus to have manometrically 
proven achalasia  [  42,   45  ] . However, 21 of 24 of 
such patients had one or more of the typical symp-
toms of achalasia. This is not a consistent  fi nding 
among other studies. Other motor disorders, 
including diffuse oesophageal spasm and non-
speci fi c motor disorders have been reported in a 
small proportion of patients  [  46–  48  ]  although the 
prevalence among such studies varies widely  [  12  ] . 
One controlled study found no difference in the 
prevalence of these motility abnormalities (25 %) 
between globus patients and controls  [  48  ] . On the 
basis of current evidence, it is possible that oesoph-
ageal dysmotility might have globus as one of its 
manifestations, but there is certainly no oesopha-

geal motor pattern which characterises globus and 
the majority of globus sufferers do not have 
signi fi cant oesophageal dysmotility. 

 Although some evidence exists to suggest the 
cervical oesophageal inlet patch might be a risk 
factor in globus  [  13  ] , it is dif fi cult to contemplate 
a mechanism by which the inlet patch could 
mediate the symptom as none of the columnar 
mucosa biopsied in these studies demonstrated 
acid-secreting parietal cells  [  13,   49  ] . Argon 
plasma coagulation (APC) ablation of the hetero-
topic gastric mucosa in one controlled study 
demonstrated symptom improvement in the 
majority  [  49  ] . From these observations, it is cur-
rently impossible to know whether the inlet patch 
somehow causes globus in a subset of patients or 
whether APC damage to the cervical oesophagus 
modulates the sensory pathways mediating the 
symptom. 

  Gastroesophageal re fl ux  is the most favoured 
aetiology for globus, although the evidence for a 
causative link between these conditions is far 
from convincing. A range of plausible mecha-
nisms have been proposed which might link gas-
troesophageal re fl ux with globus including: 
referred sensation from the oesophagus to the 
neck (perhaps mediated by hypersensitisation of 
oesophageal afferents); re fl exive contraction of 
the UES in response to oesophageal acidi fi cation 
or distension; oesophago-pharyngeal regurgita-
tion causing direct laryngo-pharyngeal damage 
and/or sensitisation; re fl exive cough or habitual 
throat clearing in response to oesophageal 
acidi fi cation. 

 Globus is very common (see above) and the 
prevalence of re fl ux symptoms in those not seek-
ing health care is also high ranging from 15 to 
39 %  [  4,   9,   26,   50–  52  ] . In one Scandinavian pop-
ulation survey, 20 % had heartburn and 20 % had 
globus, while half of those with heartburn 
reported globus  [  52  ] . Report of a high association 
between the two is very weak evidence for causa-
tion because the two entities will frequently coex-
ist by chance. However, two studies using 
multivariate analysis con fi rm that re fl ux symp-
toms are a risk factor for globus. A population 
survey in Olmstead county found a prevalence 
for heartburn or regurgitation of 42 % and for 
globus of 7 %. More relevant, heartburn or 
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 regurgitation was reported in 86 % of those with 
globus. The odds ratio of someone with re fl ux 
symptoms experiencing globus was 1.9 (95 % 
CI, 1.0–3.6) times that of someone without 
re fl ux symptoms  [  9  ] . A prospective endoscopic 
survey found the odds ratio for re fl ux symptoms 
in those with globus to be 11.6 (95 % CI 7.1–
19.1)  [  13  ] . 

 Pooling data from studies utilising ambulatory 
24 h pH monitoring, an increased oesophageal 
acid exposure is present in around one-third of 
patients with globus  [  22,   47,   48,   53–  57  ] . The two 
key issues, however, are whether excessive 
oesophageal acid exposure is over-represented in 
globus when compared with appropriate controls 
and whether oesophageal acidi fi cation causes the 
symptom (either directly or indirectly). There are 
only two adequately controlled studies that 
addressed these issues and they had con fl icting 
results  [  22,   48  ] . Wilson et al. found that 24 h 
oesophageal acid pro fi le did not differ between 
those with globus and appropriate controls nor 
was there any temporal relationship identi fi ed 
between globus sensation and actual re fl ux events 
 [  22  ] . Hill et al., in a Chinese population, found an 
abnormal pH pro fi le in a signi fi cantly higher pro-
portion (31 %) of globus patients compared with 
controls (5 %)  [  48  ] . Curran et al. found 61 % of 
21 patients with globus had a positive symptom 
index on ambulatory pH testing  [  55  ] . However, 
there are substantial inherent dif fi culties in attrib-
uting temporal association between globus sensa-
tion, which is frequently present continuously for 
hours, and discrete transient re fl ux events. 

  Is there a dose–response relationship and a 
close temporal relationship between re fl ux and 
the symptom of globus to strengthen the case for 
causation ? One prospective study found a strong 
statistical correlation between frequency of re fl ux 
symptoms and the likelihood of reporting globus 
sensation. That study found globus reported by 
8.7 % of those with infrequent GERD and 14.2 % 
of those with frequent GERD symptoms  [  9  ] . 
While this could be evidence supporting a caus-
ative link between acid re fl ux and globus, it could 
equally well re fl ect oesophageal hypersensitivity 
as an aetiological factor in presence and severity 
of each symptom. 

 In examining any potential temporal relation-
ship, the disappearance of symptoms on treat-
ment might provide the best indirect evidence of 
a causative link. Unfortunately, the available 
ef fi cacy data for antisecretory medication in 
 globus are limited, con fl icting and largely uncon-
trolled (see below). Despite the clinical belief 
that globus is frequently re fl ux-related and the 
current recommendation that a trial of high-dose 
PPI is appropriate, there is no high level evidence 
to support this recommendation. 

 In conclusion, there appears to be a reasonably 
strong, although quite variable, association 
between globus and re fl ux. However, a large pro-
portion of the globus population do not have re fl ux 
and there is currently no high level evidence sup-
porting a causative relationship between re fl ux and 
globus. Therefore, at best we can say currently is 
that a subset of globus is likely to be attributable to 
GERD, but proof of this assertion is still required.  

   Visceral Hypersensitivity 

 Visceral hypersensitivity has been demonstrated 
in a wide range of functional gastrointestinal 
disorders including functional heartburn and 
functional dyspepsia. Chen et al. examined this 
hypothesis in globus patients using balloon 
distension and electrical stimulation to the 
oesophagus as stimuli and compared sensory 
thresholds and viscerosomatic referral patterns 
with healthy controls  [  58  ] . They found that glo-
bus patients demonstrated lowered thresholds 
(heightened perception) to non-painful and 
painful oesophageal sensation induced by mid-
oesophageal balloon distension (Fig.  32.2 ). 
They also demonstrated that the pattern and site 
of viscerosomatic referral of oesophageal sen-
sations in patients differed markedly from con-
trols. Virtually all patients experienced symptom 
referral to or above the suprasternal notch 
(Fig.  32.3 ). These data suggest that globus 
sensation could arise from oesophageal rather 
than pharyngeal afferent receptors and that 
oesophageal hypersensitivity might be important 
in the genesis of the symptom and its localisation 
to the neck.    
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   Psychological Features 

 A number of studies have demonstrated higher 
levels of anxiety and depression, greater introver-
sion and neuroticism in affected patients when 
compared with healthy controls  [  38,   59–  62  ] . 
However, psychoneurosis has not been causally 
linked to the symptom and may simply re fl ect 
health care seeking behaviour or self-referral bias 
as less than 10 % of sufferers seek medical advice 
for it. For example, using the DSM III-R criteria 
a psychiatric diagnosis can be attached to 
25–60 % of these patients  [  42,   47  ] , but these 
studies revealed no more anxiety and depression 
than was found in patients in a general medical 
outpatient clinic  [  17,   42  ] . Up to 96 % of sufferers 
report symptoms exacerbated by strong emotion 
 [  4  ] . Acute experimental stress has also been 

shown to augment UES tone but, at least in the 
laboratory, does not induce globus in these patients 
nor does the UES pressure response to acute stress 
differ from that seen in healthy controls  [  37,   38  ] . 

 Life stress events might precipitate globus. 
Deary et al. found, when compared with controls, 
that signi fi cantly more globus patients had life 
stress events (e.g. death of close relative, loss of 
job) within 2 months of symptom onset  [  61  ] . This 
phenomenon was con fi rmed by a subsequent con-
trolled study of life events, which found that glo-
bus patients reported signi fi cantly more severe life 
events than controls over the preceding year and 
fewer close con fi ding relationships than controls 
 [  63  ] . Personality traits that might in fl uence ones 
responses to life events have been assessed in 121    
globus patients and found low extraversion levels 
in females but largely normal personality traits in 
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  Fig. 32.2    Oesophageal sensory thresholds to balloon dis-
tension showing cumulative response rates for: ( a )  fi rst 
perception and ( b ) pain threshold, to balloon distension. 
When compared with controls, note the left shift in percep-

tion ( P  = 0.03) and pain thresholds ( P  = 0.001) of globus 
patients. From C.L. Chen et al. Neurogastroenterol Motil 
2009;21(11):1142–e96 with permission (Fig. 2)   
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males  [  64  ] . Systematic studies have failed to dem-
onstrate hysterical features in globus patients. 
Appropriately, the quali fi er “hystericus” has been 
dropped from the term since the early 1970s. 

 In summary, there is no psychometric or 
 personality pro fi le that is speci fi c for globus, nor 

is it necessary for such abnormalities to be  present 
in all sufferers. Life stress might be a cofactor in 
genesis of or exacerbation of the symptom. A pro-
portion of the psychiatric diagnoses evident in 
clinic presenters may re fl ect health care seeking 
behaviour. 

  Fig. 32.3    Patterns of viscerosomatic referral of pain in 
response to mid-oesophageal stimulation by: ( a ) balloon 
distension and ( b ) electrical stimulation in healthy controls 
( left ) and in patients with globus ( right ). ( a ) In response to 
balloon distension none of the controls and seven of nine 

globus patients ( P  = 0.001) reported pain referred to a site 
at or above the suprasternal notch. ( b ) In response to elec-
trical stimulation, there was a similar tendency for pain 
referral to the neck in globus patients, but there was much 
greater overlap when compared with healthy controls       
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   Treatment 

 Given the benign nature of the condition, the 
likelihood of persistent symptoms long term, and 
the absence of high level ef fi cacy data for 
 pharmacotherapy, the mainstay of treatment rests 
with explanation and reassurance. The high pro-
portion in whom symptoms persist for years 
should urge the patient to adopt realistic expecta-
tions for the future. There are grounds for a trial 
of a PPI, particularly where typical re fl ux symp-
toms coexist. However, prior warning of the like-
lihood of persistence of globus sensation would 
seem prudent.   

   Antire fl ux Therapy 

 Examining the literature back to 1990, there are 
only two randomised controlled therapeutic trials 
of acid suppressive therapy for globus which 
found bene fi t neither for cimetidine  [  65  ]  nor for 
lansoprazole  [  66  ]  when compared with placebo. 
Dumper et al. studied 40 globus patients in a ran-
domised controlled study with follow-up over 
3 months. Using the Glasgow–Edinburgh throat 
scale  [  15  ] , they found no signi fi cant differences 
in symptom scores on treatment with lansopra-
zole 30 mg daily when compared with placebo 
 [  66  ] . In a small, controlled but non-randomised 
study, the response to omeprazole 20 mg daily (in 
those with coexistent heartburn) was equivalent 
to that of reassurance alone (25 % in both patients 
and controls)  [  48  ] . Considering the remaining 
prospective uncontrolled, open-label studies of 
antisecretory therapy ( fi ve evaluating PPIs, two 
H 

2
  receptor antagonists), the response rate ranged 

widely from 25 to 77 %  [  17,   55,   57,   67–  70  ] . 
Larger randomised controlled trials of twice daily 
PPI need to be done as the long-term remission 
rate, irrespective of antire fl ux treatment is only 
20–50 % in globus  [  5  ] . An uncontrolled trial of 
cisapride showed marginal symptomatic bene fi t 
over 14 weeks  [  71  ] . Hence, notwithstanding the 
widely held but anecdotal belief that acid 
 suppressive therapy is effective in treating glo-
bus, there is no high level ef fi cacy data to support 
this contention.  

   Argon Plasma Coagulation Ablation 
of Cervical Oesophageal Inlet Patch 

 A small pilot study  [  72  ]  and a prospective ran-
domised controlled study  [  49  ]  evaluating APC 
ablation of cervical oesophageal heterotopic gas-
tric mucosa (inlet patch) have shown symptom-
atic improvement in globus symptoms. In 21 
patients with globus who were unresponsive to 
PPI therapy and who had an inlet patch identi fi ed 
were randomised to sham or APC ablation. There 
was no a priori de fi nition of a primary outcome 
measure of improvement. However, globus score 
and total symptom score reduction were 
signi fi cantly greater in APC when compared to 
sham arm  [  49  ] . I believe it is premature to con-
sider APC as a valid treatment in cases of globus 
with inlet patch based on one small randomised 
controlled trial because APC is not without com-
plication (e.g. oesophageal stricture); globus is an 
extremely common and benign condition and the 
majority of sufferers do not have an inlet patch.  

   Behavioural and Psychotropic 
Therapies 

 There are no controlled trials of antidepressants, 
but there is some anecdotal evidence for the 
ef fi cacy of tricyclic antidepressants  [  73  ] . A 
recent, small ( n  = 29) open-label study from China 
reported the SSRI paroxetine superior to esome-
prazole over a limited 3 weeks follow-up  [  74  ] . 

 A recent small ( n  = 10) uncontrolled pilot study 
found that hypnotherapy-assisted relaxation therapy 
was well accepted and signi fi cantly reduced globus 
mean symptom severity score in those who had 
failed to respond to trial of PPI therapy  [  75  ] . The 
data at present are too sparse to make  fi rm recom-
mendations about psychotherapeutic approaches.  

   Natural History and Prognosis 

 There are some data evaluating prognosis. An 
early longitudinal study found symptoms persist 
in 23 % of patients at 3 years  [  76  ] . Later studies 
reported persistence of globus in around 75 % at 
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2–3 years although one-third reported improve-
ment over this time  [  17  ] . Interestingly, that study 
found that neither the presence or absence of 
re fl ux, nor antire fl ux therapy, had any correlation 
with symptom resolution. The longest duration 
of follow-up found that while symptoms tended 
to improve with time, symptoms did persist in 
45 % of sufferers at 8 years  [  5  ] .  

   Summary of Key Points 

    Globus is an extremely common, benign con-• 
dition in the community.  
  Globus is a clinical diagnosis which is distinct • 
from dysphagia.  
  While a wide spectrum of conditions have • 
been reported in association with globus, high 
level evidence supporting a causative link 
between any of these and globus is lacking.  
  Re fl ux disease can be a contributory factor in • 
a proportion of patients. There is no high level 
evidence that re fl ux causes globus.  
  Pharyngeal and upper oesophageal tone and • 
UES relaxation are normal.  
  Oscillatory upper oesophageal sphincter, • 
inspiration-related augmentation in pressure 
has been demonstrated but the pathogenic rel-
evance of this  fi nding is unclear.  
  Oesophageal hypersensitivity and aberrant • 
viscerosomatic referral of oesophageal sensa-
tion to the neck have been demonstrated sug-
gesting upregulation of oesophageal visceral 
afferents may be implicated.  
  Clinical assessment in cases where globus is the • 
sole symptom and in which there are no “alarm” 
symptoms (dysphagia, weight loss, pain, hoarse-
ness) could be con fi ned to nasolaryngoscopic 
examination of the larynx and pharynx.  
  There are no  fi rm guidelines on the need for, • 
nor value of radiological examination or 
oesophagoscopy. It would seem reasonable to 
perform outpatient nasolaryngoscopy for the 
isolated symptom of globus and reserve 
oesophagoscopy for cases in whom there are 
additional alarm symptoms such as dysphagia, 
pain, hoarseness or weight loss.  

  There is no psychometric or personality pro fi le • 
that is speci fi c to patients with globus.  
  A randomised controlled study has shown • 
APC ablation of cervical oesophageal inlet 
patch mucosa, when present, can alleviate 
globus.  
  While current guidelines recommend a trial of • 
PPI therapy in globus, there is no high level 
evidence to support this recommendation.         
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   Introduction 

 Tracheotomy, the creation of a surgical airway, is 
bene fi cial in a wide variety of conditions, includ-
ing acute upper airway obstruction secondary to 
infection or edema, chronic upper airway obstruc-
tion secondary to a neoplasm, tracheostenosis, and 
tracheomalacia, obstructive sleep apnea, acute 
trauma, chronic respiratory failure requiring pro-
longed ventilator support, and intractable chronic 
aspiration. Despite its widespread use and the 
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fact that the overwhelming majority of patients 
who require a tracheotomy tube swallow success-
fully, the purported impact of a tracheotomy tube 
on related anatomic structures and their physio-
logical and biomechanical relationships has often 
been incorrect. The purpose of this chapter is to 
present the latest evidence in an attempt to resolve 
misconceptions and highlight areas that may 
require further research. 

 Advances in critical care medicine have led to 
increased survival rates among individuals who 
experience respiratory insuf fi ciency severe 
enough to require a surgical airway. The decision 
of when to transition from an endotracheal tube 
to a tracheotomy and placement of a tracheotomy 
tube occurs at three distinct time intervals. 
Immediate tracheotomy placement or early tran-
sition to a tracheotomy, i.e., 0–3 days post-intu-
bation, is performed as a result of major trauma 
or other severe respiratory conditions when 
patients are deemed as having no chance for early 
ventilator weaning. Mid-transition to a tracheot-
omy occurs at approximately 2 weeks post-intu-
bation for patients who were thought to have the 
potential to be weaned from mechanical ventila-
tion but have not made adequate respiratory prog-
ress towards this goal. Late transition for 
conversion to a tracheotomy occurs after approx-
imately 4–6 weeks of mechanical ventilation due 
to severe respiratory compromise not allowing 
for weaning trials, that is when progress towards 
weaning is progressing too slowly, or the dura-
tion off ventilator support cannot be advanced 
beyond short time periods.  

   Swallowing After Tracheotomy and 
Placement of a Tracheotomy Tube 

   Respiration and Swallowing 

 In humans, the mutually exclusive but overlap-
ping functions of respiration and swallowing 
share the same anatomic structures in the upper 
aerodigestive tract. Breathing and swallowing are 
well coordinated in healthy adults, and this coor-
dination is most evident at the level of the larynx. 
Swallowing is composed of a highly complex 

neuromuscular system requiring exquisite coor-
dination between neural commands and anatomic 
structures in order to precisely sequence physio-
logical and respiratory events with the goal of 
minimizing aspiration risk. 

 Any interruption in the ability to coordinate 
airway closure and swallowing has the potential 
to lead to airway compromise and place individu-
als at risk for aspiration. Physiological conditions 
such as pulmonary disease, aging, neurological 
disease, and head and neck cancer have the poten-
tial to disrupt coupling of respiration with swal-
lowing. In young, healthy individuals, swallowing 
most often interrupts expiration followed by 
resumption of expiration after the swallow, 
whereas in the healthy elderly, swallowing most 
often interrupts inspiration followed by expira-
tion after the swallow  [  1  ] . Individuals with physi-
ological conditions such as pulmonary disease, 
advanced age, neurological disease, and head and 
neck cancer often demonstrate a different pattern 
of breathing–swallowing coordination in which 
swallows are initiated in and followed by an 
inspiration  [  2,   3  ] . Swallows initiated in this man-
ner may potentially compromise airway protec-
tion and place individuals at risk for aspiration.   

   Swallowing Physiology and 
Tracheotomy 

   Glottal Re fl exes and Tracheotomy 

 Three seminal papers, using the canine model, 
investigated the effect of tracheotomy on abduc-
tor and adductor glottic re fl exes. Aspiration was 
not investigated but the information speci fi c to 
control of laryngeal opening and closing is invalu-
able  [  4  ] . Sasaki et al   . found that reduction in 
air fl ow through the larynx resulted in diminished 
abductor, i.e., posterior cricoarytenoid muscle, 
activity and that total absence of ventilatory resis-
tance results in complete inactivity of the laryn-
geal abductor during phasic respiration. Sasaki 
et al.  [  5  ]  reported that chronic upper airway 
bypass via tracheotomy results in a weakened 
and ill-coordinated adductor response, i.e., pre-
dominately by the thyroarytenoid muscle, with 
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concomitant coordination of respiratory protec-
tion    temporarily lost. Importantly, when air fl ow 
is restored through the larynx, by decannulation 
or tracheotomy tube capping, both the laryngeal 
opening and closure re fl exes return to normal. 
Ikari and Sasaki  [  6  ]  found that de fl ation of the 
lungs enhances adductor excitability of respira-
tory neurons while in fl ation reduces excitability. 
Therefore, negative intra-thoracic pressure facili-
tates glottic closure while positive intra-thoracic 
pressure inhibits glottic closure. The  fi ndings of 
Ikari and Sasaki  [  6  ]  are critical in our discussion 
of the role of subglottic air pressure and use of 
one-way tracheotomy tube speaking valves.

   Glottic closure is facilitated by• 
   Expiratory phase of respiration   –
  Decreased arterial partial pressure of car- –
bon dioxide  
  Increased arterial pressure of oxygen   –
  Negative intra-thoracic pressure      –

  Glottic closure is inhibited by• 
   Inspiratory phase of respiration   –
  Increased arterial partial pressure of carbon  –
dioxide  
  Decreased arterial pressure of oxygen   –
  Positive intra-thoracic pressure          –

   Presence or Absence of a 
Tracheotomy Tube and Aspiration 
Status 

 Although evidence in the literature is equivocal, it 
has been suggested that the presence of a trache-
otomy tube is associated with a high incidence of 
pharyngeal dysphagia and aspiration  [  7–  9  ] . The 
number of individuals with tracheotomy and con-
comitant oropharyngeal dysphagia has been 
reported to be as high as 87%  [  10  ] . Normal swal-
lowing occurs within a closed aerodigestive sys-
tem. Tracheotomy inherently violates the closed 
aerodigestive system and has the potential to alter 
the precise inter-related coordination involved in 
respiration and swallowing  [  11,   12  ] . However, 
swallowing is also controlled by highly redundant 
 [  13  ]  and adaptable neural mechanisms that allow 
for successful swallowing despite disordered neu-
rological conditions or anatomical changes. 

 Purported effects of tracheotomy on swallow 
biomechanics and physiology include decreased 
elevation and anterior rotation of the larynx  [  9, 
  14  ] ; esophageal compression due to the trache-
otomy tube cuff  [  7  ] ; disordered abductor and 
adductor laryngeal re fl exes due to chronic upper 
airway bypass  [  4–  6  ] ; desensitization of the 
oropharynx and larynx as a result of air fl ow 
diversion through the tracheotomy tube  [  9  ] ; 
reduced effectiveness of the cough re fl ex to 
clear accumulated supra-glottic secretions  [  15, 
  16  ] ; reduced subglottal air pressure  [  17,   18  ] ; 
and disuse atrophy of the laryngeal muscles 
 [  14  ] . Additional disturbances of swallowing 
that have been reported include dif fi culty with 
bolus formation, delayed initiation of the pha-
ryngeal phase of swallowing, increased residual 
in the pharynx, and silent aspiration  [  19  ] . 
However, as will be shown, these abnormalities 
may or may not be associated with the presence 
of a tracheotomy tube. 

 Many assumptions regarding a tracheotomy 
tube’s impact on swallowing have not been sup-
ported. Two long-held traditional opinions 
regarding effects of tracheotomy tubes on swal-
lowing are that the tracheotomy tube cuff impedes 
hyolaryngeal excursion and that the tracheotomy 
tube cuff impinges on the esophageal wall. Betts 
 [  7  ]  attributed the presence of dysphagia in some 
patients with tracheotomy to tracheotomy cuff 
impingement on the esophagus. However, this 
was based on anecdotal, rather than empirical, 
evidence, as this evidence was reported in a Letter 
to the Editor rather than in a scienti fi cally-based 
manuscript. Bonanno     [  9  ]  suggested that the pres-
ence of an in fl ated tracheotomy tube cuff inhib-
ited elevation and anterior rotation of the larynx. 
However, of the 43 participants in the study, only 
3 (7%) actually demonstrated this effect. 

 In a prescient paper, Conley  [  20  ]  stated, 
“Tracheostomy is often the key to survival in sit-
uations where the act of swallowing has compro-
mised the airway system. Decannulization …
should be delayed until the swallowing act is 
effectively rehabilitated.” The literature has too 
often erroneously attributed aspiration to the 
most obvious variable, i.e., the tracheotomy tube, 
and not to important co-morbidities that may 
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cause dysphagia  [  15,   21–  25  ] , e.g., respiratory 
failure  [  23–  25  ] , trauma  [  26  ] , head and neck can-
cer  [  11  ] , stroke  [  27,   28  ] , altered mental status 
 [  29  ] , advanced age  [  30  ] , reduced functional 
reserve  [  14,   30  ] , and medications used to treat the 
critically ill  [  31  ] . 

 These people may well exhibit undocumented 
aspiration pre-tracheotomy due to their medical, 
neurological or surgical conditions that necessi-
tated consideration for a tracheotomy in the  fi rst 
place  [  15,   21,   22,   24,   25  ] . 

 Leder et al.  [  11  ]  investigated the effects that 
presence of a tracheotomy tube had on aspiration 
status in early, postsurgical, head and neck cancer 
patients. Twenty-two adult, postoperative, head 
and neck cancer patients were evaluated with 
 fi beroptic endoscopic evaluation of swallowing 
(FEES) under three conditions: (1) tracheotomy 
tube present; (2) tracheotomy tube removed and 
tracheostoma covered with gauze sponge; and (3) 
tracheotomy tube removed and tracheostoma left 
open and uncovered. For each condition, the 
endoscope was  fi rst inserted transnasally to deter-
mine aspiration status during FEES and then 
inserted through the tracheostoma to corroborate 
aspiration status by examining the distal trachea 
inferiorly to the carina. Two experienced examin-
ers determined aspiration status under each con-
dition and endoscope placement. There was 
100% agreement on aspiration status between 
FEES results and endoscopic examination 
through the tracheostoma. Speci fi cally, 13 of 22 
(59%) patients swallowed successfully and 9 of 
22 (41%) patients aspirated. There was also 100% 
agreement on aspiration status among the three 
conditions, i.e., tracheotomy tube present, trache-
otomy tube removed and tracheostoma covered 
by gauze sponge, and tracheotomy tube removed 
and tracheostoma left open and uncovered. 
Neither presence of a tracheotomy nor decannu-
lation affected aspiration status in early, postsur-
gical, head and neck cancer patients. 

 There are a number of possible reasons for the 
disagreement over aspiration results between the 
early and late postsurgical patients with regard to 
tracheotomy tube presence. First, Leder et al.  [  32  ]  
included a larger number of consecutive patients 
than reported previously  [  33  ] . Second, unlike pre-

vious studies, any bias to identifying aspiration 
was eliminated  [  15  ] . Third, early postsurgical 
patients may exhibit different dysphagia patterns 
compared to late postsurgical patients  [  15,   33  ]  due 
to the length of time a tracheotomy tube is present, 
early postoperative edema, more impaired lingual 
and mandibular range of motion, and greater 
oropharyngeal sensitivity and pain. Fourth, it is 
also understood that physiological impairment of 
adductor laryngeal re fl exes may not occur for 
6–8 months after tracheotomy  [  5,   34  ] . Fifth, differ-
ences in bolus volumes used, i.e., 5 mL in the 
Leder et al.  [  32  ]  and 10 mL in the scintigraphy 
studies  [  15,   33  ] . Similarly, Donzelli et al.  [  12  ]  
investigated what effects, if any, the presence of a 
tracheotomy tube had on incidence of laryngeal 
penetration and aspiration in patients with known 
or suspected dysphagia. FEES was used to deter-
mine aspiration status in 37 participants (23 M/14 F; 
mean age 64.4 years; range 34–85 years) using 
four different tracheotomy tubes, i.e., Bivona, 
Shiley, Portex, and Jackson. Swallowing was eval-
uated  fi rst with the tracheotomy tube open and 
then with the tube occluded with a cap, one-way 
speaking valve, and  fi nger. The tracheotomy tube 
was then removed, the tracheostoma covered gen-
tly with a gauze pad, and swallowing evaluated 
again. Lastly, swallowing was re-evaluated with 
the tracheotomy removed and the tracheostoma 
uncovered. Direct con fi rmation of aspiration was 
made by inserting the endoscope into the tracheo-
stoma after swallowing trials. Tracheotomy tube 
occlusion status and tracheotomy tube removal 
status had no immediate effect on incidence of 
laryngeal penetration or aspiration. 

 The fundamental  fl aw in all research method-
ologies was that no  pre-tracheotomy  aspiration 
data were collected  [  7–  10,   14,   35,   36  ] . Although 
dif fi cult, since it cannot be predicted who will 
undergo a tracheotomy in the future and once the 
decision to perform a tracheotomy has been made 
the patient is either too medically compromised 
to have a dysphagia evaluation or an endotracheal 
tube is present, collecting pre-tracheotomy data 
is crucial in order to determine causality. 
Therefore, aspiration status must be investigated 
both pre- and post-tracheotomy in the same per-
son  [  21,   22  ] . 
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 In    the initial study investigating whether there 
is a direct causal relationship between presence of 
a tracheotomy tube and aspiration  [  21  ] , FEES 
 [  37,   38  ]  was performed in the same 20 patients, 
aged 47–84 years,  fi rst pre- and then post-trache-
otomy. Findings indicated that 100% (12 of 12) of 
participants who aspirated pre-tracheotomy also 
aspirated post-tracheotomy and 87.55% (7 of 8) 
of participants who did not aspirate pre-tracheot-
omy also did not aspirate post-tracheotomy. 

 Although no causal relationship was found 
between tracheotomy tube use and aspiration sta-
tus  [  21  ] , debate continues regarding an associa-
tion between tracheotomy and placement of a 
tracheotomy tube and aspiration risk  [  39,   40  ] . 
Therefore, a direct replication study with a larger 
sample size was completed  [  22  ] . Replication pro-
vides two basic functions essential for the foun-
dation of any scholarly  fi eld: veri fi cation or 
discon fi rmation, i.e., a fact is not a fact until it is 
replicable  [  41  ] . Speci fi c to the current issue, a 
causal relationship exists when presence of a tra-
cheotomy tube is a suf fi cient condition for the 
occurrence of aspiration. That is, a causal rela-
tionship does not exist if the effect (aspiration) 
occurs before its cause (tracheotomy tube)  [  42  ] . 

 Results of the direct replication study  [  22  ]  
found that 88% (22 of 25) of participants exhib-
ited the same aspiration status or resolved aspira-
tion pre- versus post-tracheotomy tube use. Three 
participants exhibited new aspiration post-trache-
otomy tube placement due to worsening medical 
conditions. Conversely, four participants exhibited 
resolved aspiration post-tracheotomy tube place-
ment due to improved medical conditions. 
Excluding these seven participants, all nine par-
ticipants who aspirated pre- also aspirated post-
tracheotomy tube placement and all nine 
participants who did not aspirate pre- also did not 
aspirate post-tracheotomy tube placement 
( p  > 0.05). No statistically signi fi cant differences 
were found between aspiration status and days 
since tracheotomy ( X  2  = 0.08,  p  > 0.05) or age and 
aspiration status ( p  > 0.05). The absence of a causal 
relationship between tracheotomy tube use and 
aspiration status was con fi rmed. In addition, there 
was no statistically signi fi cant difference for the 
number of days between pre-tracheotomy FEES 

and post-tracheotomy FEES based on aspiration 
status ( N     = 13 non-aspirators,  X

_
  = 21.5 days, sd 

20.72, range 6–69 days versus  N  = 12 aspirators, 
 X
_
  = 25.7, sd 22.13, range 3–86 days,  p  > 0.05). 

   Combined Data from Direct Replication 
Study with Leder and Ross  [  21  ]  Study 

 Results from the direct replication study  [  22  ]  
( N  = 25) were combined with results from the ini-
tial study ( N  = 20)  [  21  ] , thereby strengthening the 
analysis due to use of a much larger sample size, 
i.e., total  N  = 45; 26 males and 19 females; 
 X  = 65.8 years, and range = 43–84 years. This 
allowed for achievement of an important goal of 
the current direct replication study, i.e., 
veri fi cation of facts  [  41  ]  from the original study 
 [  21  ] . Results of aspiration status pre- versus post-
tracheotomy tube placement indicated that 91% 
of (41 of 45) participants exhibited either the 
same aspiration status or resolved aspiration pre- 
versus post-tracheotomy tube use. Similar to both 
the initial and direct replication studies, number 
of days post-tracheotomy was not signi fi cantly 
different ( p  > 0.05) for participants who aspirated 
( X
_
  = 13.3 days) versus participants who did not 

aspirate ( X
_
  = 11.3 days). Participants who aspi-

rated pre-tracheotomy were not signi fi cantly 
older than participants who aspirated post-trache-
otomy ( X

_
  = 66.4 years, sd 10.85 versus 67.4 years, 

sd 10.66,  p  > 0.05). Similarly, participants who 
did not aspirate pre-tracheotomy were not 
signi fi cantly older than participants who did not 
aspirate post-tracheotomy ( X

_
  = 65.1 years, sd 

12.26 versus  X
_
  = 63.8 years, sd 12.21,  p  > 0.05). 

 The consensus of results from the initial study 
 [  21  ] , the direct replication study  [  22  ] , and the 
combined data all agree that there is no causal 
relationship between presence of tracheotomy 
tube and aspiration status. Over 90% of partici-
pants exhibited the same or resolved aspiration 
status pre- and post-tracheotomy tube placement, 
con fi rming the lack of a causal relationship. 

 What is of importance is that resolution of 
aspiration in this population is due primarily to 
improvement in medical condition, mental status, 
and physical strength  [  26  ]  and discontinuance of 
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medications used to treat the critically ill, i.e., 
high-dose corticosteroids, neuromuscular block-
ing agents, and sedatives  [  31,   43  ] . The  fi nding of 
the absence of a causal relationship between pres-
ence of a tracheotomy tube and aspiration leads 
directly to the conclusion that presence or absence 
of a tracheotomy tube is irrelevant to swallowing 
success or failure  [  11,   12,   44  ] . This is supported 
further by research which reported that swallow-
ing dysfunction can continue following decannula-
tion  [  45  ]  and, conversely, swallowing improvement 
can occur when the tracheotomy tube remains in 
place  [  31  ] . The latter is corroborated by the direct 
replication study  [  22  ]  as four participants exhibited 
resolution of aspiration with the tracheotomy tube 
in place due to improvement in their general medi-
cal condition. In summary, the presence of trache-
otomy tube is not causative for aspiration. Neither 
aspiration status nor successful swallowing is 
in fl uenced by presence or absence of a tracheotomy 
tube. 

 Since neither short-  [  11  ]  nor long-term  [  12  ]  
differences regarding swallowing success and 
tracheotomy tube removal were observed it would 
be of interest to determine if removal of a trache-
otomy tube after even longer use, i.e., years, 
would result in similar  fi ndings regarding dys-
phagia and aspiration status. To summarize:

   Many individuals with tracheotomy have co-• 
existing medical conditions that could predis-
pose them to dysphagia.  
  Aspiration in individuals with tracheotomy • 
tubes is often erroneously attributed to the tra-
cheotomy tube rather than co-existing medical 
conditions.  
  Studies in which pre- and post-tracheotomy • 
conditions have been compared have found no 
causal effect of tracheotomy tubes on aspira-
tion status.  
  Dysphagia in patients with tracheotomy is a • 
multi-faceted issue resulting from medical co-
morbidities necessitating tracheotomy tube 
placement rather than presence of the trache-
otomy tube itself.  
  Recent research  fi ndings do not support the • 
notion that presence of a tracheotomy tube 
results in disordered swallowing or increased 
aspiration risk.      

   Age, Tracheotomy Tubes, 
and Swallowing 

 Older individuals appear to be at increased risk 
for oropharyngeal dysphagia associated with tra-
cheotomy because of increased incidence of 
age-related reductions in cardiopulmonary func-
tion, neuromuscular disease, and metabolic 
changes and disease as well as changes in swal-
lowing associated with normal aging (e.g., 
slowed pharyngeal transit and  delayed initiation 
of the pharyngeal swallow)  [  14,   30  ] . Completed 
video fl uoroscopic swallow studies (VFSS) with 
83 mechanically ventilated individuals with tra-
cheotomy. Half of the participants aspirated dur-
ing VFSS. Those who aspirated were signi fi cantly 
older (mean age = 72.5 years) than those who did 
not aspirate (mean age = 64.8 years). Leder  [  23  ]  
reported similar  fi ndings. FEES were performed 
with 52 mechanically ventilated adults with tra-
cheotomy. Seventeen (33%) participants aspi-
rated. Those who aspirated were signi fi cantly 
older (mean age = 73) than those who did not 
aspirate (mean age = 59). It was hypothesized that 
decreased functional reserve, i.e., the ability to 
adapt to stress  [  46  ] , led to the higher incidence of 
aspiration in older subjects. Although there are 
normal age-related changes in biomechanical 
coordination of swallowing, in the absence of ill-
ness or other stressors, these do not typically lead 
to an increased incidence of aspiration. However, 
when stress, e.g., illness requiring mechanical 
ventilation via tracheotomy, is introduced, the 
time course of these deteriorating capacities can 
accelerate, which leads to rapid declines in func-
tional reserve and impaired ability to complete 
activities of daily living. 

 The bene fi t of tracheotomy in older individu-
als with respiratory insuf fi ciency has been ques-
tioned because short-term mortality rates are high 
and long-term outcomes are poor. Possible com-
plications associated with tracheotomy include 
pneumothorax, infection, sinusitis, and tracheal 
damage. Older individuals appear to be particu-
larly at risk for complications from tracheotomy 
 [  24  ] . Baskin et al.  [  24  ]  completed a retrospective 
study of 78 older individuals (mean age = 77.6) 
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who underwent tracheotomy. Results indicated 
that tracheotomy was associated with a high inci-
dence of death (56%), increased need for gastros-
tomy tube placement (71%), and impaired 
laryngeal function (87%). The authors concluded 
that older, severely ill individuals experience 
poor outcomes following tracheotomy, and 
stricter criteria need to be imposed for perform-
ing tracheotomy in this population.  

   Hyoid Bone and Laryngeal Excursion 
and Presence of a Tracheotomy Tube 

 Current knowledge of the synergy between hyoid 
bone and laryngeal movement when a tracheot-
omy tube is present has been based on inadequate 
data. To wit, it has been conjectured that place-
ment of a tracheotomy tube increases aspiration 
risk by limiting the rostrocaudal movement of the 
hyolaryngeal complex and, therefore, the open-
ing of the upper esophageal sphincter (UES)  [  8, 
  9,   36  ] . To illustrate this point, the literature begins 
with conjectures from two often cited case 
reports, i.e., “…presence of a tracheotomy tube 
 may  alter the mechanics of deglutition to prevent 
proper elevation of the larynx on swallowing…” 
 [  47  ]  and “Fixation of the larynx by the tracheos-
tomy… might  prevent normal elevation of the lar-
ynx…” leading to “…a disorder of swallowing 
 produced by  the tracheostomy”  [  8  ] . This implied 
and unsubstantiated causal relationship between 
presence of a tracheotomy tube and swallowing 
success has been erroneously perpetuated until 
shown to be erroneous only recently  [  21,   22  ] . 

 There have been attempts to investigate pha-
ryngeal swallow biomechanics using objective 
techniques. Two radiographic studies reported 
reduced laryngeal elevation during swallowing 
and attributed the resultant dysphagia to an anchor-
ing effect caused by the presence of a tracheotomy 
tube  [  9,   14  ] . In both studies, however, no objective 
procedure for actually measuring laryngeal move-
ment was reported. Rather, laryngeal movement 
was subjectively “eye-balled” and since no mea-
surements were made statistical analysis was not 
performed. In addition, no other potential etiolo-
gies for dysphagia were investigated. 

 Despite its methodological  fl aws and the 
overlooked fact that 93% (40 of 43) of partici-
pants with a tracheotomy tube swallowed suc-
cessfully, the previously mentioned study by 
Bonanno  [  9  ]  has been cited in all subsequent 
investigations of swallowing, laryngeal move-
ment, and tracheotomy  [  10,   15,   17,   31,   33,   35, 
  45,   48–  50  ] . Further, the unsubstantiated  fi nding 
that a tracheotomy tube has an anchoring effect 
and impairs normal elevation and anterior excur-
sion of the hyoid bone and larynx during swal-
lowing has been perpetuated by inclusion in 
review articles  [  34,   36  ] , a dysphagia diagnostic 
manual  [  51  ] , and contemporary dysphagia books 
 [  52–  54  ] . 

 The investigation of pharyngeal biomechan-
ics during swallowing when a tracheotomy 
tube is present has been investigated with 
video fl uoroscopy  [  50  ] . Video fl uoroscopic analy-
sis indicated that light digital occlusion placed on 
the external hub of the tracheotomy tube resulted 
in mixed results for improvement in swallowing. 
Potential bene fi ts for swallowing success were 
increased hyoid bone and laryngeal excursion. 
Potential detriments were reduced base of tongue 
contact to posterior pharyngeal wall and late 
onset of anterior movement of posterior pharyn-
geal wall relative to onset of UES opening. 
Tracheotomy tube occlusion eliminated aspira-
tion in 50% (two of four) of subjects, resulted in 
no change in the third subject, and actually wors-
ened swallowing in the fourth subject  [  50  ] . The 
small sample size and the equivocal results 
regarding swallowing success with light digital 
occlusion of the tracheotomy tube prevent gener-
alizable interventions. Individualized evaluation 
remains necessary to determine whether trache-
otomy tube occlusion status has the potential to 
reduce aspiration risk. 

 Terk et al.  [  55  ]  were the  fi rst group to objec-
tively measure hyoid bone and laryngeal excur-
sion dependent on the presence or absence of a 
tracheotomy tube in the same individual. 
Speci fi cally, they examined the biomechanical 
effects on movement of the hyoid bone and lar-
ynx during swallowing under different condi-
tions, i.e., presence/absence of a tracheotomy 
tube, in fl ated/de fl ated cuff status, and capped/
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uncapped  tracheotomy tube. Seven adults 
(5 M/2 F; age range from 46 to 82 years; mean 
63 years) with tracheotomy tubes participated. 
All participants completed VFSS under three 
randomized conditions: tracheotomy tube in and 
open with 5 cc air in cuff, tracheotomy tube in 
and capped with de fl ated cuff, and tracheotomy 
tube out. Larynx to hyoid approximation 
(HLhold-HLmax) was de fi ned as the difference 
between the distance between the anterior mar-
gin of the hyoid bone and a clear and consistent 
landmark on the anterior thyroid cartilage at 
bolus hold position (HLhold) and the distance 
between the above two points at the maximum 

hyoid excursion both anteriorly and superiorly 
(HLmax) (Fig.  33.1 ). Maximum hyoid displace-
ment (Hmax) was de fi ned as the difference 
between the distance between the anterior mar-
gin of the hyoid bone and the anterior aspect of 
the C4 vertebral body at bolus hold position and 
at maximum position (Fig.  33.2 )  [  56  ] . No 
signi fi cant differences ( p  > 0.05) were found for 
both maximum hyoid bone displacement and 
larynx-to-hyoid bone approximation during 
swallowing based on tracheotomy tube pres-
ence, tube cuff status, or tube capping status. 
For the  fi rst time with objective data, it was 
shown that the presence of a tracheotomy tube 

  Fig. 33.1    Larynx to hyoid approximation (HLhold-
HLmax): ( a ) The distance between the anterior margin of 
the hyoid bone and the anterior thyroid cartilage is mea-
sured at “hold” position with the bolus in the oral cavity. 

( b ) From this measurement, the distance between the 
hyoid and the thyroid at “max” position is subtracted. 
From A.R. Terk. Dysphagia 2007;22:89–93 with permis-
sion from Springer         

  Fig. 33.2    Maximum hyoid discursion (Hmax): de fi ned as 
the difference between the hyoid at bolus hold to its posi-
tion when maximally displaced superiorly and anteriorly 
(“max.”) ( a ) In the frame corresponding to bolus hold posi-
tion, the distance between the hyoid and anterior C4 verte-

bra is measured. ( b ) In the frame corresponding to hyoid 
“max” position, the distance is measured again between the 
same two points. The difference between these two mea-
sures is the maximum hyoid discursion. From A.R. Terk. 
Dysphagia 2007;22:89–93 with permission from Springer         

  



46933 Deglutition in Patients with Tracheostomy, Nasogastric Tubes, and Orogastric Tubes

did not signi fi cantly alter pharyngeal swallow 
biomechanics. This agrees with both objective 
 fl uoroscopic data  [  57  ]  and clinical observations, 
i.e., persistent dysphagia following decannula-
tion cannot be attributed to either laryngeal teth-
ering or obstruction by an in fl ated tracheotomy 
tube cuff  [  45  ] . The hypothesis that a tracheot-
omy tube limits the rostrocaudal movement of 
the hyolaryngeal complex and, consequently, 
the opening of the UES during swallowing was 
not supported.    

   Tracheotomy Tube Cuff De fl ation 
and Swallowing 

 Some have conjectured that the presence of an 
in fl ated tracheotomy tube cuff disrupts swallow 
function by either tethering the larynx and thereby 
reducing hyolaryngeal excursion during the swal-
low or by inhibiting the  fl ow of food or liquid 
through the esophagus, such as would occur in 
the presence of an overin fl ated tracheotomy tube 
cuff. Several studies have sought to determine 
effects of the tracheotomy cuff on swallow safety 
and physiology. 

 Tippett and Siebens  [  58  ]  investigated the 
effects of tracheotomy tube cuff status during 
swallowing in  fi ve adults, aged 21–70 years, who 
were ventilator-dependent. The results of the 
study were mixed from this very small sample, 
i.e., three participants were able to swallow safely 
following cuff de fl ation and adjustment of their 
ventilator settings. However, because adjustments 
in ventilator settings and cuff status were not 
individually controlled, it is unclear if cuff 
de fl ation alone had any signi fi cant effect on swal-
lowing success or failure. Due to inadequate sam-
ple size, the in fl uence of age could not be 
assessed. 

 Suiter et al.  [  57  ]  employed VFSS to examine 
the biomechanical effects of cuff de fl ation on 
swallow function in 14 adults, aged 19–80 years, 
with tracheotomy tubes. Cuff de fl ation resulted in 
increased pharyngeal transit duration, increased 
duration of hyoid maximum anterior excursion, 
and increased mean maximum anterior hyoid 
movement. Cuff de fl ation also resulted in a 

signi fi cantly shorter duration of cricopharyngeal 
opening. However, oropharyngeal residue and 
penetration–aspiration scores were not signi fi cantly 
affected by cuff de fl ation. Thus, cuff de fl ation did 
not result in functional improvements in swallow-
ing success or improved swallowing safety. There 
were not enough subjects in any one age group to 
determine age-related effects. 

 In a retrospective study, Ding and Logemann 
 [  59  ]  reviewed 623 adult participants (mean 
age = 52 ± 19 years) who underwent one VFSS 
with their tracheotomy tube cuff either in fl ated or 
de fl ated. Participants who had their tracheotomy 
cuffs in fl ated exhibited reduced laryngeal eleva-
tion which resulted in a higher incidence of aspi-
ration and greater incidence of silent aspiration. 
Due to the retrospective nature of the study design 
and methodology that allowed for only one VFSS 
to be evaluated, it was, therefore, not possible to 
assess swallow physiology in the same subject 
under both cuff-in fl ated and cuff-de fl ated condi-
tions. However, only by doing so can the effect, if 
any, of cuff in fl ation status on swallow physiol-
ogy be determined. 

 Research does not support the notion that an 
in fl ated cuff prevents aspiration  [  35,   57,   59  ] . It is 
important to note that, by de fi nition, when food 
or liquid falls below the level of the true vocal 
folds, aspiration has occurred  [  54  ] . An in fl ated 
cuff may prevent material from immediately 
spilling farther into the trachea or lungs, but 
because tracheotomy cuffs are compliant and do 
not form a water-tight seal between the cuff and 
tracheal wall, material will inevitably seep around 
the cuff and fall into the lower airway. In addi-
tion, an in fl ated cuff does not permit coughing to 
clear material from the upper airway. In 
summary:

   Presence of a tracheotomy tube may lead to • 
declines in functional reserve in older indi-
viduals and increase the likelihood of 
aspiration.  
  An in fl ated tracheotomy tube cuff does not • 
appear to result in functional improvement in 
swallowing.  
  De fl ating the tracheotomy tube cuff does not • 
result in increased hyolaryngeal excursion 
during the swallow.     
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   Tracheotomy Tube Occlusion Status 
and Swallowing 

 It has been suggested that tracheotomy tube 
occlusion, either digitally with a  fi nger or 
mechanically with a cap, may improve pharyn-
geal swallow biomechanics and improve swal-
lowing success by reducing incidence of 
aspiration. Tracheotomy tube occlusion necessi-
tates tracheotomy cuff de fl ation, thereby reestab-
lishing air fl ow through the larynx and upper 
airway. In addition, tracheotomy tube occlusion 
has been suggested as an intervention to improve 
swallowing success by increasing subglottal air 
pressure  [  60,   61  ] . 

 Muz et al.  [  33  ]  completed scintigraphic assess-
ment of swallowing in seven individuals, aged 
44–66 years, with head and neck cancer who 
required a tracheotomy tube. In this study indi-
viduals were given one 10-mL bolus to swallow 
under two conditions, i.e.,  fi rst with and then 
without the tracheotomy tube occluded by an 
obturator. Results indicated that tracheotomy 
tube occlusion resulted in signi fi cant reductions 
in the incidence and severity of aspiration. 
However, because participants were given only 
one presentation of a thin liquid, it is impossible 
to determine whether tracheotomy tube occlusion 
would have similar effects for thickened liquid, 
puree, or solid bolus consistencies or for boluses 
with different volumes. 

 Muz et al.  [  15  ]  used scintigraphy to examine 
swallow function in 18 patients with head and neck 
cancer  fi rst with and then without occlusion of their 
tracheotomy tubes. As with the previous study, par-
ticipants were given only one presentation of a 
10 mL liquid bolus. Results indicated a statistically 
signi fi cant reduction in the percentage of aspirated 
material during the tracheotomy occluded condi-
tion when compared to the open tracheotomy con-
dition. Interestingly, although reduced, aspiration 
occurred under both conditions. 

 Logemann et al.  [  50  ]  examined the biome-
chanical effects of light digital occlusion of the 
tracheotomy tube in eight patients with head 
and neck cancer. A total of 20 speci fi c temporal 
and distance measures were assessed from 

video fl uorographic images. Light digital occlusion 
of the tracheotomy tube resulted in signi fi cant 
changes for  fi ve measures, but not all changes 
appeared to be bene fi cial for safe swallowing. 
Speci fi c changes in swallowing biomechanics 
that were potentially bene fi cial for swallowing 
success were increased hyoid bone and laryngeal 
movement. However, detrimental biomechanical 
changes included reductions in both base of 
tongue contact to posterior pharyngeal wall and 
onset of anterior movement of posterior pharyn-
geal wall relative to onset of UES opening 
occurred later. Tracheotomy tube occlusion elim-
inated aspiration in two of four aspirating sub-
jects, resulted in no change in the third subject, 
and worsened the swallow in the fourth subject. 
It was concluded that although light digital occlu-
sion changed some biomechanical aspects of the 
swallow, the results were not generalizable and, 
therefore, individualized assessment was neces-
sary to determine whether tracheotomy tube 
occlusion could potentially reduce aspiration. 

 A number of studies have reported that trache-
otomy tube occlusion status does not affect aspi-
ration status when swallowing real food of 
different consistencies. Leder et al.  [  62  ]  investi-
gated the effect of occlusion of a tracheotomy 
tube on aspiration in medical, i.e., nonsurgical, 
patients ( N  = 20; age range 17–85 years). The tra-
cheotomy tubes were occluded for 3–5 min prior 
to VFSS and three swallows each of liquid and 
puree consistencies were given,  fi rst with an 
occluded tracheotomy tube (six swallows) and 
then with an unoccluded tracheotomy tube (six 
swallows). In no case did a subject aspirate  fi rst 
with an occluded tracheotomy tube and then not 
aspirate with an unoccluded tube or, conversely, 
the patients did not aspirate with an occluded 
tube and then aspirate when the tube was unoc-
cluded. Therefore, it was concluded that the 
occlusion status of the tracheotomy tube did not 
in fl uence swallowing success or aspiration status. 
It is of interest to note that 90% (nine of ten) of 
the participants who exhibited aspiration were 
over 65 years of age. Conversely, only 25% (3 of 
12) of the 65+-year-old participants did not 
exhibit aspiration following placement of a tra-
cheotomy tube. 
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 Leder et al.  [  32  ]  utilized VFSS to investigate 
tracheotomy tube occlusion status on the inci-
dence of aspiration in adult patients with head 
and neck cancer after surgery, i.e., 6–44 days 
postoperatively. Ten of 16 patients (62.5%) aspi-
rated both with thin liquid and puree consistency 
foods under both occluded and unoccluded con-
ditions; two subjects (12.5%) aspirated thin liq-
uids but did not aspirate with puree consistency 
under both conditions; while four subjects (25%) 
did not aspirate any consistency under either con-
dition. It was concluded that tracheotomy tube 
occlusion status did not affect incidence of 
aspiration. 

 Leder et al.  [  63  ]  investigated the effect of light 
digital occlusion of the tracheotomy tube during 
swallowing on UES and pharyngeal pressures in 
both aspirating and nonaspirating patients. 
Aspiration was determined objectively with 
FEES; pharyngeal and UES pressures were mea-
sured by manometry. A total of 11 adult individu-
als with tracheotomy participated; 7 swallowed 
successfully and 4 exhibited aspiration. Light 
digital occlusion of the tracheotomy tube, for 
either aspirating or nonaspirating individuals, did 
not signi fi cantly change UES and pharyngeal 
pressure recordings. It was concluded that the 
swallow biomechanics, UES and pharyngeal 
pressure measures were not changed signi fi cantly 
by occlusion of the tracheotomy tube for both 
those who aspirated and those who did not aspi-
rate. These results are consistent with previous 
 fi ndings that tracheotomy tube occlusion status 
did not in fl uence the incidence of aspiration in 
medical patients  [  62  ] , and early postsurgical head 
and neck cancer patients  [  32  ] . In summary:

   Tracheotomy tube occlusion necessitates cuff • 
de fl ation thereby restoring air fl ow through the 
larynx and upper airway.  
  Occluding the tracheotomy tube may result in • 
improved swallow function for some 
individuals.  
  Both positive and negative effects of trache-• 
otomy tube occlusion on swallow biomechan-
ics have been found.  
  Individualized assessment is important to • 
determine whether patients bene fi t from tra-
cheotomy tube occlusion.     

   One-Way Tracheotomy Tube 
Speaking Valves and Swallowing 

 The purpose of a one-way tracheotomy tube 
speaking valve is to allow individuals who require 
a tracheotomy tube. Air fl ow through the larynx 
for voice and speech production in there are a 
number of manufacturers of one-way tracheot-
omy tube speaking valves, i.e., the Passy–Muir 
Tracheostomy Speaking Valve (Passy–Muir, Inc., 
Irvine, CA); Shiley Phonate speaking valve 
(Mallinckrodt, Inc., St. Louis, MO); and Blom 
speaking valve (Pulmodyne, India Napolis IN). 
The most widely used one-way speaking valve is 
a bias-closed valve that opens only upon inspira-
tion and is closed during exhalation (Passy–Muir, 
Inc.). Escape of exhaled air through the trache-
otomy tube is prevented as the closed valve man-
dates diversion of air fl ow between the tube and 
tracheal walls and then caudally through the 
upper respiratory system. However, a number of 
additional bene fi ts of the one-way valve have 
been reported. These include decreased oral and 
nasal secretions, increased food intake, and 
increased energy levels  [  64–  66  ] . 

 Placement of a one-way speaking valve has 
also been used to facilitate weaning from mechan-
ical ventilation as half of the respiratory cycle is 
normalized, i.e., inhalation is accomplished 
through the tracheotomy with exhalation through 
the upper airway  [  67  ] . Speci fi c to the goal of 
decannulation, the use of a one-way speaking 
valve offers several advantages over digital 
( fi nger) occlusion of a tracheotomy tube. The 
advantages include decreased risk of infection by 
elimination of possible contamination with digi-
tal occlusion, improved patient compliance and 
speaking effort. 

 An ancillary function of a one-way speaking 
valve has been proposed, i.e., to improve swal-
low function in select individuals who require a 
tracheotomy tube and exhibit dysphagia. It has 
been suggested that a one-way speaking valve 
may potentially assist in eliminating or reducing 
aspiration. Research investigating the use of a 
one-way speaking valve and its effect on 
improvement of swallow function is needed. 
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Prior to placement of the valve on a cuffed trach, 
the tracheotomy tube cuff must be de fl ated. Cuff 
de fl ation allows air to  fl ow through the upper 
airway, speci fi cally the larynx and true vocal 
folds, which may restore laryngeal sensation and 
facilitate airway clearance. In addition, cuff 
de fl ation and speaking valve placement report-
edly restores subglottal air pressure  [  18,   61  ] . 
Although the role of subglottic air pressure in 
swallowing is not fully understood, it has been 
suggested that a reduction in subglottic air pres-
sure is the primary mechanism affecting swal-
low function in patients with open tracheotomy 
tubes  [  18  ] . 

 The following is a review of the literature 
regarding the variable effects of one-way trache-
otomy tube speaking valve placement has on 
swallow function. Dettelbach et al.  [  17  ]  per-
formed a VFSS to evaluate 11 patients, aged 
43–85 years, with tracheotomy. Swallowing was 
analyzed both with and without a one-way valve 
in place. Aspiration was experienced by four 
(36%) patients, although all patients had a reduc-
tion in the observed volume of aspiration follow-
ing valve placement. It is dif fi cult to determine 
the volume of aspirated material using 
video fl uoroscopy  [  68  ] . It is unclear how the 
authors determined the reduction in volume of 
aspiration with a one-way valve in place. 

 Stachler et al.  [  16  ]  completed simultaneous 
scintigraphy and VFSS with and without a one-
way speaking valve in place. Eleven patients who 
were either pre- or posttreatment for head and 
neck cancer participated. Presence of a one-way 
speaking valve did not eliminate aspiration for 
any of the patients, but the amount of aspirate 
was signi fi cantly reduced with the one-way 
speaking valve. 

 Elpern et al.  [  69  ]  studied 15 patients, aged 
32–84 years, with tracheotomy tubes using VFSS 
swallowing thin liquid to determine the incidence 
of aspiration with and without a one-way speaking 
valve. During the valve off condition, seven par-
ticipants aspirated during at least one presentation. 
Of the seven who aspirated,  fi ve aspirated with the 
one-way valve off and two aspirated during both 
the valve off and valve on conditions. Aspiration 
was less frequent with the valve on, i.e., 3 of 43 

swallows, versus the valve off  condition, i.e., 13 of 
44 swallows. 

 Gross et al.  [  61  ]  evaluated four patients with 
tracheotomy tubes under two conditions with 
VFSS. With the speaking valve on, all partici-
pants exhibited a reduction in bolus transit times 
and duration of pharyngeal biomechanics. In 
addition, scores on an eight-point penetration–
aspiration scale  [  70  ]  improved for three of four 
participants during the speaking valve on condi-
tion. Two of the participants who demonstrated 
changes in penetration–aspiration scale scores 
exhibited only very minimal improvements in 
swallow function, i.e., scores improved by 0.5 
points. 

 Suiter et al.  [  57  ]  used VFSS to examine the 
biomechanical effects of speaking valve place-
ment on swallow function in 18 patients requir-
ing a tracheotomy tube. Fourteen patients had 
cuffed tracheotomy tubes and completed the 
VFSS under three conditions: (1) cuff in fl ated, 
(2) cuff de fl ated, and (3) cuff de fl ated with speak-
ing valve in place. Four participants had cuf fl ess 
tracheotomy tubes and completed the VFSS 
under two conditions: (1) no speaking valve and 
(2) speaking valve in place. Results for the cuff 
in fl ated versus speaking valve indicated that pen-
etration–aspiration scale  [  70  ]  scores were 
signi fi cantly reduced, i.e., improved, for the liq-
uid bolus during speaking valve placement. 
Results for the cuff de fl ated versus cuf fl ess-
speaking valve showed signi fi cantly improved 
penetration–aspiration scale scores for liquid 
boluses with valve placement. There were no 
signi fi cant changes in duration of swallow bio-
mechanical measures or hyolaryngeal excursion 
with either condition. However, there was an 
increase in the amount of residue observed on the 
tongue base, on the posterior pharyngeal wall, 
and at the UES with the speaking valve place-
ment. The reason for reduction in aspiration 
remains unclear. 

 The speci fi c effects of one-way speaking valve 
placement on swallow physiology remain 
unknown. Speaking valve placement may restore 
subglottal air pressure, which is reduced as a con-
sequence of an open tracheotomy tube. It has 
been conjectured that this reduction in subglottal 
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pressure without the one-way valve in place leads 
to an increased incidence of aspiration  [  18  ] . 

 Gross et al.  [  60  ]  measured subglottal air pres-
sure with the tracheotomy tube open versus with 
placement of speaking valve and found a tenfold 
increase in subglottal pressure during swallowing 
with the speaking valve in place. Increased sub-
glottal air pressure due to placement of the one-
way speaking valve does not appear to necessarily 
result in signi fi cant improvements in swallowing 
safety, as only minor improvements in penetra-
tion–aspiration scale scores have been reported 
 [  61  ] . It therefore continues to be unclear whether 
increases in subglottal air pressure associated 
with one-way speaking valve use result in func-
tional improvements in swallowing safety. 

 Speaking valve placement may also be 
bene fi cial in restoring laryngeal sensation by 
diverting air fl ow back through the upper airway 
rather than through the tracheotomy tube. When 
air fl ow is restored through the larynx, by decan-
nulation, tracheotomy tube capping, or placement 
of a one-way speaking valve, both the laryngeal 
opening and closure re fl exes return to normal. 
Restoration of both abductor  [  4  ]  and adductor 
glottal re fl exes  [  5  ]  has the potential to improve 
sensation and restore the protective cough re fl ex, 
both of which contribute to a safe swallow. 
Further research is needed to determine the 
speci fi c effects of speaking valve placement on 
laryngeal and pharyngeal sensation. 

 Although there is emerging evidence indicat-
ing improved swallow safety following one-way 
speaking valve placement, the research remains 
contradictory. Leder  [  71  ]  used FEES to evaluate 
swallowing in 20 patients, 14 men (mean age 
66 years) and 6 women (mean age 72 years) who 
had tracheotomies. Swallowing was evaluated 
 fi rst with and then without a one-way speaking 
valve in place. Puree consistency food was used. 
It was found that all subjects who aspirated with-
out the valve in place also aspirated with the valve 
in place. Conversely, subjects who presented with 
no aspiration with the valve removed also did not 
aspirate with the valve in place. Thus, one-way 
speaking valve placement had no effect on aspi-
ration status. An explanation for this  fi nding may 
be the bolus consistency used. That is, with the 

patients studied and timing of their aspiration 
with puree consistency they would have invari-
ably aspirated the liquid consistency as well  [  72  ] . 
However, if puree consistency is swallowed suc-
cessfully and only thin liquid consistency is aspi-
rated, then placement of a one-way speaking 
valve may be of some bene fi t in selected individ-
uals  [  57  ] . Additional research with a much larger 
sample size is needed to determine the interac-
tion of bolus consistency, bolus volume, and use 
of a one-way speaking valve in regards to improv-
ing swallowing success. 

 Ohmae et al.  [  73  ]  hypothesized that air fl ow 
directed through the larynx due to placement of a 
one-way speaking valve would allow for clear-
ance of any residual bolus remaining in the sub-
glottis, laryngeal vestibule, and pharynx, thereby 
preventing laryngeal penetration and aspiration. 
Sixteen patients with tracheotomies underwent a 
FEES and a VFSS. Swallowing parameters were 
compared  fi rst with and then without a one-way 
valve in place. Valve placement improved laryn-
geal residue clearance and the incidence of laryn-
geal penetration during swallowing. However, it 
did not affect pharyngeal bolus residue, laryngeal 
elevation, pharyngeal delay, or, most importantly, 
incidence of aspiration. These results add to the 
growing consensus that a one-way valve, with 
redirection of exhaled air through the larynx and 
upper airway, improves the patient’s ability to 
clear bolus residue from the laryngeal vestibule. 
Findings, however, do not support use of a one-
way valve as a primary means of improving 
actual pharyngeal swallow functioning or elimi-
nation of aspiration altogether. 

 Overall, evidence in the research literature 
supports the notion that one-way speaking valve 
placement may improve swallow safety for 
selected patients and/or selected food consisten-
cies. Further research is needed to determine the 
speci fi c effects of speaking valve placement on 
swallow function. 

 The current body of research pertaining to 
swallow-related responses with speaking valve 
placement has included small sample sizes and 
homogeneous age groups. To determine age and 
gender effects, large group studies should be 
undertaken. 
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 The clinician who treats patients with trache-
otomy tubes and speaking valves should be 
aware that age in fl uences swallowing success, 
i.e., older individuals aspirate with greater fre-
quency, and aspiration status has more to do with 
the severity and chronic nature of an individual’s 
illness rather than presence of a tracheotomy 
tube  [  21,   22  ] . 

 In summary, the results of the current research 
indicate that placement of a speaking valve 
improves swallow function for some, but not all 
individuals, and for some (speci fi cally thin liq-
uids) bolus consistencies but not others (puree). 
Some research indicates that speaking valve 
placement may increase oral and pharyngeal resi-
due  [  57  ]  or negatively affect the biomechanical 
aspects of swallowing  [  50  ] . Therefore, caution 
should be taken when making decisions regard-
ing whether to feed a patient with a speaking 
valve in place. It is imperative that a complete 
instrumental swallow evaluation be performed 
for those patients who have a tracheotomy. The 
evaluation should include several food and/or liq-
uid consistency presentations with both the one-
way speaking valve in place and removed prior to 
making decisions regarding the use of the valve 
as a means for reducing aspiration and improving 
swallow function. 

 Some patients may not be able to tolerate 
valve placement for a period of time suf fi cient to 
complete a meal. Clinicians working with these 
patients should perform the swallow evaluation 
under the same conditions as the patient would 
normally eat. In other words, if the tracheotomy 
cuff is in fl ated during mealtimes, the patient 
should complete the swallow evaluation with the 
cuff in fl ated.  

   Clinical Tips 

    An instrumental assessment by the SLP is • 
required prior to determining valve on or 
valve off oral intake condition and 
recommendations.  
  Determine for each individual patient which • 
aspect(s) of swallowing improve during each 
of the following conditions: tube occlusion, 

wearing a speaking valve, cuff status in fl ated 
or de fl ated. After this determination, be con-
sistent in the use of this strategy during 
eating.  
  Consider the age of the patient as it may • 
affect swallowing safety and impact of the 
tracheotomy.  
  Consider the patient’s underlying disease on • 
swallow function as it may make more differ-
ence than the presence of a tracheotomy or 
may compound the effects of the tracheotomy.     

   Mechanical Ventilation via 
Tracheotomy Tube and Swallowing 

 Patients who require mechanical ventilation via a 
tracheotomy tube may be successful with oral 
alimentation. Since the tracheotomy tube cuff 
cannot be de fl ated, these patients cannot produce 
a cough to clear aspirated material from the air-
way above the in fl ated cuff. To evaluate and treat 
patients who require mechanical ventilation, a 
clinical bedside swallowing assessment is inade-
quate and must be done in conjunction with an 
objective instrumental FEES or VFSS in order to 
make a diagnosis and recommendation regarding 
oral feeding. 

 Incidence and type (timing) of aspiration in 
patients requiring mechanical ventilation via tra-
cheotomy is of great interest. Determination of 
the renewed ability to swallow safely is often the 
 fi rst step towards recovery and is a huge boon to 
quality-of-life enhancement for patients, fami-
lies, and caregivers. The literature on this topic 
is sparse and includes primarily case studies  [  8, 
  48  ]  and studies that did not perform a swallow 
evaluation to assess aspiration  [  35  ]  and those 
with results using data that grouped patients who 
were both mechanically ventilated and breathing 
without mechanical ventilation  [  10,   31  ] . Only 
one study investigated aspiration status in 
patients requiring long-term mechanical ventila-
tion via tracheotomy (range 25–547 days; mean 
112 days)  [  14  ] . Based on VFSS evaluation, it 
was reported that 50% of the subjects aspirated 
and 77% of those had silent aspiration. Subjects 
who aspirated were signi fi cantly older (mean 



47533 Deglutition in Patients with Tracheostomy, Nasogastric Tubes, and Orogastric Tubes

age: 72.5 versus 64.8 years) than those who did 
not aspirate. 

 Incidence and type of aspiration following tra-
cheotomy and long-term mechanical ventilation 
 [  14  ]  may be different from that found in acutely ill 
patients requiring tracheotomy for short-term 
mechanical ventilation. Therefore, the incidence 
of aspiration and type of aspiration found in 
acutely ill patients requiring 2 months or less 
mechanical ventilation via a tracheotomy was 
studied  [  23  ] . Fifty adult inpatients referred for a 
FEES participated. Results indicated that 34 of 50 
(68%) patients did not aspirate while 16 of 50 
(32%) aspirated. Thirteen of 16 (81%) patients 
who aspirated were silent aspirators. Patients who 
aspirated were signi fi cantly older (mean 72 years, 
range 48–87 years) than those who did not aspirate 
(mean 59 years, range 20–83 years) ( p  < 0.05), and 
since females in this sample were older than males 
more females aspirated than males. Patients who 
aspirated were post-tracheotomy for signi fi cantly 
less time (mean 14.4 days, range 3–48 days) than 
those who did not aspirate (mean 23.5 days, range 
2–62 days) ( p  < 0.05). No signi fi cant difference 
was found when comparing duration of transla-
ryngeal intubation for aspirators (mean 14.2 days, 
range 0–31 days) versus non-aspirators (mean 
14.2 days, range 0–29 days) ( p  > 0.05). 

 Normal aging with resulting changes manifest 
from sarcopenia may decrease cardiopulmonary, 
neuromuscular, and metabolic capacities result-
ing in a progressive loss of functional reserve, and 
the reduced ability to adapt to stress  [  46  ] . Aging 
also alters the intricate biomechanical coordina-
tion of swallowing. Although in healthy elderly 
the incidence of aspiration does not increase, the 
oral–pharyngeal stage transition has been shown 
to increase signi fi cantly at ~70 years of age  [  30, 
  74  ] . When a stressor such as respiratory failure 
requiring mechanical ventilation via tracheotomy 
is introduced in an otherwise healthy older adult, 
for example, it may accelerate deterioration of 
systems resulting in functional reserve below the 
level required for activities of daily living  [  46  ] . 

 When patients with tracheotomy and long-
term mechanical ventilation needs were investi-
gated, it was found that older patients, i.e., mean 
age 72.5 years, aspirated signi fi cantly more often 

than younger patients  [  14  ] . These results were 
corroborated for patients requiring mechanical 
ventilation via a new tracheotomy tube. 
Speci fi cally, a mean age of 72 years differenti-
ated patients who aspirated versus patients who 
swallowed successfully  [  23  ] . Therefore, 
decreased functional reserve due to advanced age 
is an important variable for increased risk of aspi-
ration in patients who require mechanical 
ventilation. 

   Swallowing in Infants Requiring 
Mechanical Ventilation via 
Tracheotomy Tube 

 On the opposite end of the age spectrum, medi-
cally and respiratory fragile infants with long-
term need for tracheotomy and taking nothing 
by mouth, are at risk for developing feeding 
dif fi culties independent of their mechanical 
ventilation status  [  75  ] . Dysphagia diagnostic 
testing and feeding intervention are integral 
components of the plan of care for these infants 
 [  76  ] . Early feeding habilitation can potentially 
decrease development of resistance to oral feed-
ing and behavioral feeding issues, i.e., oral 
aversion  [  77  ] . 

 The incidence of dysphagia and aspiration fol-
lowing tracheotomy and mechanical ventilation 
in infants is of great interest as there may be dif-
ferences from those found in adults who required 
either short- or long-term mechanical ventilation 
via tracheotomy. Leder et al.  [  78  ]  performed 
FEES and VFSS to diagnose dysphagia and 
establish goals to initiate safe oral alimentation in 
medically stable infants who required mechani-
cal ventilation via tracheotomy. Ten males (mean 
chronological age 8.0 months, range 3–14 months; 
mean gestational age 28.9 weeks, range 
24–39 weeks) and four females (mean chrono-
logical age 8.3 months, range 3–13 months; mean 
gestational age 27.3 weeks, range 25–30 weeks) 
participated. Thirteen of 14 (93%) infants swal-
lowed successfully, and although some exhibited 
an oral dysphagia, none experienced aspiration. 
No infant exhibited aspiration when a feeding 
tube was present. Only one infant exhibited 
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 pharyngeal dysphagia with aspiration and a rec-
ommendation of nil-by-mouth status was made 
from FEES and VFSS evaluation. Ninety-three 
percent of the medically stable infants who 
required mechanical ventilation via tracheotomy 
swallowed successfully without aspirating indi-
cating that it may be advantageous to evaluate 
swallowing function in this patient population. 
Although dependent on different criteria than 
adults, timing of the swallow evaluation for 
infants is also critical for success. Noting the 
improved physical condition and medical prog-
ress, the stable ventilator settings over a period of 
7–14 days, and absence of tachypnea proved to 
be good prognostic indicators for recommenda-
tion to evaluate swallowing function with the 
goal to initiate oral alimentation. 

 The low incidence of aspiration (7%) in infants 
requiring mechanical ventilation via tracheotomy 
 [  78  ]  differed from the 50% incidence of aspira-
tion reported in adult patients with long-term  [  14  ]  
and 33% incidence of aspiration reported in adult 
patients with short-term  [  23  ]  mechanical ventila-
tion requirements. 

 The principal  fi ndings when studying swallow 
function with mechanical ventilation via a tra-
cheotomy tube were:

   Sixty-eight percent of adult patients requiring • 
short-term mechanical ventilation via a new 
tracheotomy swallowed successfully.  
  Type of aspiration noted in patients with tra-• 
cheotomy and mechanical ventilation was 
predominately silent.  
  Age appears to be a determining factor in dif-• 
ferentiation of aspiration status.  
  Incidence of aspiration differed in patients with • 
short-term versus long-term ventilation use.      

   Effect of Nasogastric Tubes 
on Aspiration Status 

 Nasogastric (NG) tube feeding is the most widely 
used nonoral feeding method for patients unable 
to eat by mouth and those patients unable to take 
adequate oral nutrition  [  79–  81  ] . NG tube place-
ment is relatively atraumatic, minimally inva-
sive, and usually well tolerated  [  82  ] . Enteral 
nutrition delivered via NG tube can be given to 

patients of all ages and spanning all medical 
 specialties  [  83  ] . 

 A common but major complication often coin-
ciding with NG tube use is aspiration  [  80,   81,   83, 
  84  ] . However, due to the multifactorial nature of 
aspiration pneumonia, no speci fi c causative effect 
has been documented among presence of an NG 
tube, aspiration, and development of aspiration 
pneumonia  [  80,   83,   84  ] . Speci fi cally, neither the 
contribution of anterograde aspiration (de fi ned as 
aspiration during oral alimentation due to oropha-
ryngeal dysphagia) nor retrograde aspiration 
(de fi ned as aspiration of re fl uxed gastric contents) 
concurrent with NG tube use are known  [  83,   84  ] . 

 Since an NG tube is a foreign object that tra-
verses the same path as a food bolus in the phar-
ynx and esophagus it could be assumed to 
potentially impact negatively on safe and ef fi cient 
swallowing ability. A number of studies have 
investigated this assumption. Manometry tube 
placement in 80 normal volunteers resulted in 
longer durations for hyoid bone excursion and 
UES opening dependent on bolus consistency, 
age, and gender, but no aspiration was observed 
on any swallows  [  30  ] . NG tube placement was 
investigated in before–after feeding trials with 10 
normal adults  [  85  ]  and 22  [  86  ]  and 25  [  87  ]  stroke 
patients, respectively. No signi fi cant differences 
in aspiration rates were reported in either normal 
or stroke patients. Lastly, when a 3.6 mm diame-
ter  fl exible  fi beroptic endoscopic was present 
versus absent in the nasopharynx of 14 healthy 
normal adult volunteers, there was no signi fi cant 
alteration of duration of swallowing stage transi-
tions, pharyngeal transit timing, or extent of max-
imum hyoid bone elevation, and, consistent with 
all other reports, there was no effect on incidence 
of aspiration  [  88  ] . 

 Therefore, although aspiration may occur 
coincident with NG tube use  [  80,   81,   83,   84  ] , no 
causal relationship was demonstrated in both 
normal and disordered populations  [  85–  88  ] , and 
even tubes of differing diameters were all associ-
ated with a safe swallow without aspiration. 
However, due to small sample sizes, non-compa-
rable population samples, and differing method-
ologies there is need for a large-scale study to 
provide a de fi nitive answer as to whether or not 
an NG tube affects swallowing success. 
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 Leder and Suiter  [  89  ]  investigated the effect 
an NG tube had on occurrence of anterograde 
aspiration of both liquid and puree bolus consis-
tencies during objective evaluation of swallowing 
with FEES. A referred sample of 1,260 consecu-
tively enrolled inpatients participated. Group 1 
( N  = 630; 346 M; 284 F) had an NG tube present 
at the time of referral for a dysphagia evaluation 
while Group 2 ( N  = 630; 360 M; 270 F) did not 
have an NG tube at the time of referral. 
Approximately 61% had small-bore tubes (8 Fr., 
2.65 mm diameter) and 39% had large-bore tubes 
(18 Fr., 6.0 mm diameter). There were no 
signi fi cant differences ( p  > 0.05) in incidence 
aspiration of either liquid (24 versus 23%) or 
puree (14 versus 15%) food consistencies depen-
dent on the presence or absence of an NG tube. In 
addition, no signi fi cant interactions ( p  > 0.05) 
were found between NG tube status and gender, 
age, or diagnostic category. Interestingly, older 
subjects, between 60 and 90 years of age, and 
regardless of NG tube status were noted to aspi-
rate more frequently than younger subjects. 

 For the  fi rst time with both an adequately large 
and heterogeneous population sample and objec-
tive dysphagia testing, incidence of aspiration 
with either liquid or puree consistencies was not 
affected by the presence of an NG tube. 
Speci fi cally, the occurrence of aspiration for both 
liquid and puree food consistencies was the same 
between two separate but comparable groups, 
i.e., one with and one without an NG tube in 
place. Although prior studies reported minor dif-
ferences in temporal measurements during swal-
lowing, there was no reported increase in the 
most important nontemporal swallowing indica-
tor, i.e., aspiration, when an NG tube was present 
in the pharynx and esophagus  [  30,   85,   86,   88,   89  ]  
and con fi rmed that a safe and successful swallow, 
de fi ned as no aspiration during FEES, was not 
affected by the presence of an NG tube. 

 Fattal et al.  [  90  ]  investigated waht effect, if 
any, the presence or absence of an NG tube in the 
same person had on the incidence of aspiration. 
Sixty-two consecutively enrolled adult inpatients 
with both small-bore (8 Fr., external diameter 
2.65 mm) and large-bore (18 Fr., external diame-
ter 6.0 mm) NG tubes participated. Group 1 had 

FEES  fi rst with the NG tube in place and a second 
FEES after NG tube removal while Group 2 did 
not have an NG tube and had FEES  fi rst without 
an NG tube and a second FEES after placement 
of a small-bore NG tube. There were no signi fi cant 
differences (p > 0.05) in aspiration status for both 
liquid and puree consistencies in the same person 
dependent on presence or absence of either a 
small-bore or large-bore NG tube. 

 It is important to note that although an NG 
tube did not increase the occurrence of aspiration, 
this does not mean that all aspiration events are 
equally important. Patients who received NG 
tube feeding were usually older and, regardless of 
NG tube status, it was found that patients between 
60 and 90 years of age aspirated more frequently 
than younger subjects. Also, patients who 
required NG tube feeding prior to FEES pre-
sented with risk factors that predisposed them to 
the development of an aspiration pneumonia, e.g., 
dementia, nonambulatory/bed-bound, severely 
ill, malnourishment, postsurgery, and poor func-
tional reserve  [  80–  82  ] . Therefore, whenever an 
NG tube is used an appropriate assessment fol-
lowed by implementation of measures to reduce 
aspiration risk is necessary  [  80,   83  ] . 

   Nasogastric Tubes and Swallowing 
Success 

 In summary:
   No statistically signi fi cant differences were • 
found regarding aspiration status for liquid or 
puree food consistencies between two sepa-
rate but comparable groups, i.e., one with and 
one without an NG tube, regardless of gender, 
age or diagnostic category.  
  Given that an objective swallowing evalua-• 
tion, i.e., either  fi beroptic or  fl uoroscopic, can 
be performed with an NG tube in place, it is 
not necessary to remove an NG tube to evalu-
ate dysphagia.  
  Similarly, there is no contraindication to leav-• 
ing an NG tube in place to supplement oral ali-
mentation until prandial nutrition is adequate.  
  Future research should explore NG tube place-• 
ment and aspiration status in very young 
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(0–10 years) and very old (90–100+ years) 
individuals and the impact of duration of NG 
tube use on swallowing success.      

   Effect of Orogastric Tubes 
on Aspiration Status 

 An orogastric (OG) tube is used frequently in 
both the adult and pediatric intensive care units. 
The reasons being that a large-bore OG tube is 
often more easily placed than a small-bore NG 
tube, and facial trauma or surgery often precludes 
placement via the nasal route. Since an OG tube 
is a foreign object that traverses the  entire  path-
way a food bolus travels during all three stages of 
swallowing (from the oral cavity through the 
pharynx and into the esophagus), there is a cor-
responding a priori assumption that its presence 
can have a negative impact on safe and ef fi cient 
swallowing. In the only study published to date, 
Leder et al.  [  91  ]  investigated what effect, if any, 
the presence of an OG tube had on incidence of 
anterograde aspiration of both liquid and puree 
bolus consistencies as determined by objective 
evaluation, i.e., FEES and VFSS, and if diet rec-
ommendations can be made successfully for 
patients who require an OG tube. 

 Ten patients (two pediatric, age 17 days and 
3 months, and eight adults, mean 63 years) were 
enrolled prospectively. Two swallow studies were 
performed within a 5-min time interval. An OG 
tube was present for the  fi rst FEES or VFSS and 
then removed for the second swallow study. Adult 
participants had large-bore OG tubes (18 Fr., 
6.0 mm diameter) and when an NG tube was also 
present it was always a small-bore tube (8 Fr., 
2.7 mm diameter). Pediatric participants had 
pediatric OG feeding tubes (5 Fr., 1.7 mm diam-
eter). There were no signi fi cant differences 
( p  > 0.05) for either overall incidence of aspira-
tion or aspiration by food consistency (liquid or 
puree) dependent on OG tube presence. Also, all 
nine participants recommended for an oral diet 
ate successfully. Interestingly, four of  fi ve (80%) 
participants swallowed successfully without aspi-
ration despite the presence of two tubes, i.e., OG 
and NG, plus the  fi beroptic endoscope required 

for FEES. It was concluded that objective dys-
phagia testing with either FEES or VFSS can be 
performed with an OG tube in place and there is 
no contraindication to keeping an OG tube to 
supplement oral alimentation until prandial nutri-
tion is adequate. 

   Orogastric Tubes and Swallowing 
Success 

    No statistically signi fi cant differences were • 
found regarding aspiration status for liquid or 
puree food consistencies based on the  presence 
or absence of either an NG or OG tube regard-
less of gender, age, or diagnostic category.  
  Given that an objective swallowing evalua-• 
tion, i.e., either  fi beroptic or  fl uoroscopic, can 
be performed with both an NG and OG tube in 
place, it is not necessary to remove either tube 
to evaluate dysphagia.  
  Similarly, there is no contraindication to leav-• 
ing an NG or OG tube in place to supplement 
oral alimentation until prandial nutrition is 
adequate.  
  Future research should explore NG and OG • 
tube placement and aspiration status in very 
young (0–10 years) and very old (90–100+ 
years) individuals and the impact of duration 
of NG or OG tube use on swallowing success.      

   Assessment of Swallowing in Patients 
Requiring Tracheotomy Tubes 

   Clinical Swallow Examination 

   Modi fi ed Evans Blue Dye Test 
 The modi fi ed Evans blue dye test (MEBDT) has 
been proposed as an adjunct to the clinical swal-
low assessment of individuals with tracheotomy. 
As originally described  [  35  ] , the blue dye test 
involved placing four drops of a 1% solution of 
Evans blue dye on the patient’s tongue every 4 h 
followed by tracheal suctioning at set intervals. 
Although concerns regarding the safety of blue 
dye have been raised recently  [  92–  94  ] , the blue 
dye test continues to be used by many clinicians. 
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In clinical practice, the blue dye test has been 
modi fi ed to include the presentation of blue dye-
tinged foods or liquids during the bedside swal-
low assessment. Aspiration is assumed if blue 
dye is present in the tracheal secretions. 

 Subsequent research has questioned the accu-
racy of the blue dye test for determining tracheal 
aspiration. Cameron  [  35  ]  stated that an in fl ated 
tracheotomy tube cuff had no effect on the inci-
dence of aspiration. However, the subjects were 
not comparable, i.e., 69% of patients with a 
 tracheotomy tube aspirated while 0% of patients 
with an endotracheal tube aspirated; aspiration 
status was assessed from 1 to 28 days in patients 
with a tracheotomy tube but only up to 48 h in 
patients with an endotracheal tube; and ~50% of 
patients with a tracheotomy had neurological or 
trauma as an etiology versus 0% of patients with 
an endotracheal tube. Therefore, subject, time, 
and inclusion criteria confounded the  fi ndings. 

 The accuracy of the blue dye test for determin-
ing tracheal aspiration is questionable. Thompson-
Henry and Braddock  [  95  ]  examined  fi ve patients 
with tracheotomy and found that the MEBDT 
failed to identify  fi ve of  fi ve individuals who sub-
sequently aspirated during a follow-up instru-
mental swallow evaluation. However, it is 
important to note that average time from MEBDT 
to instrumental assessment was 11.6 days. To 
accurately determine test accuracy, concurrent 
MEBDT and instrumental assessments should 
have been performed. It cannot be assumed that 
patients behave similarly during two separate 
swallow examinations. 

 Subsequent investigations have improved 
upon the methodology in the Thompson Braddock 
and Henry study. Brady et al.  [  96  ]  completed 
simultaneous blue dye test with VFSS. Eight of 
20 (40%) subjects aspirated during VFSS. 
Findings were equivocal. Although the MEBDT 
detected aspiration in 100% of cases in which 
aspiration was greater than trace, it failed to iden-
tify 100% of those with trace aspiration. 

 Similar results were found in a follow-up 
investigation  [  97  ]  in which 15 patients underwent 
simultaneous endoscopy (through the stoma) and 
blue dye test. Aspiration occurred in eight (53%) 
of studies. Blue tracheal secretions were present 

in only 50%. Of the examinations in which more 
than trace aspiration was observed, 67% showed 
blue tracheal secretions on endoscopy and suc-
tioning. None of the studies with trace aspiration 
showed blue secretions. 

 Belafsky et al.  [  98  ]  completed MEBDT fol-
lowed by a subsequent endoscopic examination 
of swallowing in 30 individuals. Twenty-two 
(73%) aspirated on FEES; 23 (77%) aspirated on 
MEBDT. Sensitivity of MEBDT for predicting 
puree aspiration on FEES was 93%; speci fi city 
was 33%. Sensitivity of MEBDT for predicting 
liquid aspiration on FEES was 86%; speci fi city 
was 43%. Overall sensitivity of the MEBDT was 
82%; speci fi city was 38%. For those on mechani-
cal ventilation, sensitivity was 100%; for those 
not on mechanical ventilation, sensitivity was 
76%. Speci fi city was low overall. The authors 
concluded that their results validated the use of 
the MEBDT as a screening tool for detection of 
aspiration in individuals with tracheotomy. 
However, as with the Thompson-Braddock and 
Henry study  [  95  ] , examinations were not com-
pleted simultaneously, and individuals cannot be 
assumed to behave similarly across examination 
times.   

   Instrumental Assessment 

 Since over two-thirds of the patients with trache-
otomy and mechanical ventilation included in the 
study by Leder were found to swallow success-
fully and without signi fi cant dysphagia, it is 
advantageous to assess swallowing function in 
the acute care setting  [  23  ] . Timing of the swallow 
evaluation is critical for success. Patients who 
require transition from endotracheal intubation 
to tracheotomy exhibit respiratory failure that 
does not permit weaning from mechanical venti-
lation. Post-tracheotomy these patients continue 
with the same degree of respiratory compromise 
and it is not surprising that aspiration occurs dur-
ing the immediate post-tracheotomy period, i.e., 
14 days or less. As respiratory function improves, 
while still requiring mechanical ventilation, the 
majority of patients swallow successfully. 
Speci fi cally, ~3 weeks post-tracheotomy is the 
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optimal time to perform a swallow evaluation. 
Some patients, however, swallowed successfully 
earlier post-tracheotomy, i.e., 7 days or less. 
Clinical judgment based on age, medical prog-
ress, and respiratory recovery rate should be used 
to determine when best to perform a swallowing 
evaluation. 

 It is important to note that the majority of 
patients with tracheotomy who aspirate do so 
silently. This is why a clinical assessment must 
be done in conjunction with, not independent of, 
an objective instrumental swallowing evaluation 
 [  99  ] . Patients who require a tracheotomy tube, 
with or without mechanical ventilation, have 
diminished laryngeal protective re fl exes  [  4,   5, 
  34  ]  due to bypassing of the laryngeal airway and 
desensitization due to chronic aspiration of oral–
pharyngeal secretions. An objective assessment 
of swallowing function, either FEES or 
video fl uoroscopy, is needed to accurately deter-
mine aspiration status and make appropriate diet 
recommendations  [  23  ] . 

 In summary:
   Clinical predictors of aspiration clinicians look • 
for during traditional bedside swallow assess-
ment may not be reliable predictors of aspira-
tion risk in individuals with tracheotomy.  
  The blue dye test has been found to have rela-• 
tively high sensitivity but low speci fi city for 
detection of aspiration. Therefore, there is the 
potential for a high rate of false-negative 
 fi ndings when administering the blue dye test.  
  Ideally, instrumental assessment (video fl uoro-• 
scopy or FEES) should be used in the evalua-
tion of patients with tracheotomy who are 
considered to be at risk for oropharyngeal 
dysphagia.  
  It is contraindicated to use the 3 oz water swal-• 
low challenge for patients who require a tra-
cheotomy tube and/or mechanical ventilation.          
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   Primary Sjögren’s Syndrome 

 Primary Sjögren’s syndrome (pSS) is an autoim-
mune disease primarily affecting the salivary and 
lacrimal glands, thereby impairing salivary and 
lacrimal secretion resulting in mucosal dryness. 
Various non-exocrine organs may also be involved 
including the gastrointestinal tract and the ner-
vous system. 

 Genetic factors increase the risk of developing 
pSS as re fl ected by an increased prevalence in 
patients with certain HLA-DR2 and DR3 genes. 
In addition, several non-HLA genes may be 
involved including genes coding for cytokines 
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and second messengers. Furthermore, a distur-
bance of the androgen/estrogen balance may also 
be of importance in the pathogenesis of pSS. 

 pSS is a rheumatic disease characterized by 
lymphocytic in fi ltration and hypofunction of the 
exocrine glands, particularly the salivary and lacri-
mal glands, resulting in dryness of the mouth and 
eyes without other coexisting connective tissue dis-
eases (CTD), whilst secondary Sjögren’s syndrome 
is when the syndrome is associated with a CTD 
such as rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE), or scleroderma. 

 Due to the decreased production of saliva, 
xerostomia is the most common gastrointestinal 
symptom in pSS patients  [  1–  6  ] . However, esoph-
ageal dysmotility and esophageal webs have also 
been reported  [  3,   5,   7–  9  ] . The lack of saliva 
makes swallowing dif fi cult by interfering with 
bolus manipulation and bolus movement in the 
mouth, pharynx, and esophagus. The sialometric 
measurements of the parotid gland may be close 
to 0mL/5min after masticatory stimulation (nor-
mal value >3.5 ml/5min). 

 One-third of pSS patients show varying 
degrees of esophageal dysmotility including 
weak contractions, aperistalsis, and tertiary con-
tractions as well as differences in peristaltic 
velocity and duration, and some patients may 
have a decrease in the lower esophageal sphincter 
pressures  [  10  ] . 

 In a recent study, Mandl et al. found that 65 % 
of pSS patients reported dysphagia in an inter-
view/questionnaire  [  11  ]  including a variety of 
symptoms, such as solid and/or liquid food dys-
phagia, globus sensation, regurgitation, and pyro-
sis. However, some pSS patients also had 
misdirected swallowing, coughing after swallow-
ing, hawking when eating, and even food and  fl uid 
coming out of their nose during or after eating. 
Some had experienced painful swallowing, a feel-
ing of obstruction when swallowing and episodes 
of acute obstruction. The majority of patients had 
an increased liquid intake when eating. This can 
be regarded as a compensation maneuver. 

 In any pSS patient who complains of dry 
mouth, a sialometric evaluation is of value  [  12  ] . 
Pharyngeal and esophageal function is best 
evaluated with a barium swallow or  fi beroptic 

examination of swallowing. For the esophagus, 
manometry can be of value. In patients with 
abnormal motor function of the pharynx, a CT 
or MRI of the brain is recommended. 

 Systemic treatment in pSS includes secret-
agogues such as pilocarpine and cevimeline, 
which exert their effect by stimulating the musca-
rinic-3 receptor (M3R), thereby increasing sali-
vary  fl ow. Due to the presence of M3R in other 
parts of the body, subjects using these drugs may 
experience adverse effects, e.g., abdominal dis-
tress, irritable bladder, and sweating  [  13  ] . 
Biological agents such as TNF-alpha blockers 
have not been convincing in the treatment of pSS 
 [  14  ] , whilst B-cell targeting therapies, e.g., ritux-
imab, have shown more promising results  [  15  ] . 

 Local treatment of dry mouth includes an 
increased water intake lubricating the dry mucosal 
surfaces of the oral cavity thus improving chewing 
and swallowing. Lozenges and chewing gums may 
also stimulate salivary secretion even in hypofunc-
tional salivary glands. Finally, meticulous dental 
hygiene and  fl uoride substitution are mandatory 
since the lack of saliva leads to and accelerates tooth 
decay including caries development. Fluoridation 
of water is known to prevent tooth decay.  

   Scleroderma (Systemic Sclerosis) 

 Systemic sclerosis (SSc), also known as sclero-
derma, is a systemic disorder characterized by 
functional and structural abnormalities of small 
blood vessels and by  fi brosis of the skin and inter-
nal organs. The etiology is largely unknown. 

 The affected tissues undergo varying degrees 
of in fl ammation,  fi brosis, and atrophy. SSc may 
appear as a diffuse cutaneous af fl iction and is 
characterized by symmetric distal and truncal 
skin sclerosis with early involvement of internal 
organs. A subset of patients with SSc may have 
only visceral organ involvement without any skin 
lesions. Raynaud’s phenomenon is common and 
the presence of anti-nuclear antibodies, some-
times with a centromere pattern, as well as anti-
Scl-70 antibodies, support the diagnosis. 

 In the oral and pharyngoesophageal area, 
 sclerosis of mucosa, mastication muscles, and 
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salivary glands may result in changes of voice 
and mouth function  [  16,   17  ] . A classical  fi nding 
in SSc is microstomia, i.e.,  fi brosis of the perioral 
tissues leading to a small mouth  [  18,   19  ] . In the 
esophagus, there is progressive destruction of 
smooth muscle leading from abnormal peristalsis 
to aperistalsis. There is also an extreme lack of 
tonicity in the lower esophageal sphincter lead-
ing to massive gastroesophageal re fl ux disease. 
This causes major changes due to gastroesopha-
geal re fl ux disease including tight strictures 
(Fig.  34.1 ).  

 Patients present with a multitude of symp-
toms. Microstomia (small mouth opening) makes 
for mechanical reason intake of food dif fi cult. 
   Fibrosis in the perioral muscles results in a stiff-
ness of the cheeks and tongue. Masticatory mus-
cles have a reduced elasticity. Due to decreased 
salivary production, i.e., secondary Sjögren’s 
syndrome, patients may experience xerostomia. 
The patients also have esophageal dysphagia. 

When strictures have developed, this may present 
with characteristic obstruction for solid foods. 
The disease may also affect the stomach and 
small bowel resulting in dysmotility and thereby 
impaired transportation at various gastrointesti-
nal levels that may add considerably to the 
patient’s complex symptomatology. 

 In those patients who present without skin 
lesions, the diagnosis may be spurious. The best 
method is to perform a biopsy and look for 
smooth muscle degeneration. In patients who 
have the typical microstomia, the diagnosis can 
be obvious. Due to the high prevalence of re fl ux 
and its consequences, the patients should undergo 
evaluation for GERD. 

 Whilst treatment of several other rheumato-
logical diseases have developed considerably over 
the last years, current therapies for SSc are still 
disappointing. Today, treatment of SSc mainly 
consists of symptomatic treatment of the conse-
quences of the disease with, e.g., various vasodi-
latory drugs, gastrointestinal prokinetic drugs, 
and proton pump inhibitors. Immunomodulatory 
treatment has limited use in SSc. 

 There are several means to try to slow the pro-
gression of microstomia  [  20  ] . No speci fi c treat-
ment is available for muscle  fi brosis and muscle 
degeneration. However, treatment of the patient’s 
GERD is paramount in order to avoid the devel-
opment of strictures. In addition, the use of proki-
netic drugs, antibiotics and vitamin and mineral 
supplementation may play a role in the treatment 
of bowel dysmotility, bacterial overgrowth, and 
malabsorption.  

   Systemic Lupus Erythematosus 

 SLE is an autoimmune, in fl ammatory progres-
sive systemic disease of connective tissues 
including the skin and internal organs. Various 
antibodies directed against nuclear antigens may 
be encountered in the disease. 

 SLE is a connective tissue disease with several 
clinical manifestations in the skin. There are wide-
spread endothelial changes in small blood vessels 
and changes in the collagen  fi bers of the connec-
tive tissue. Fibrinoid degeneration and collagen 

  Fig. 34.1    Sixty-year-old man with scleroderma. Barium 
esophagram shows a dilated esophagus without peristal-
sis. There is a tight stricture in the distal esophagus       
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sclerosis are present  [  21,   22  ] . Anti-double-stranded 
deoxyribonucleic acid (dsDNA) antibodies are 
more speci fi c for SLE than the anti-nuclear anti-
bodies (ANA), used when screening for the dis-
ease. Fairly pathognomonic for SLE is the butter fl y 
shaped malar rash on skin exposed to the sun usu-
ally appearing on the cheeks and nose bilaterally. 

 The patient may present with oral and pharyn-
geal ulcers, including ulcers on the palate. When 
the salivary glands are involved, i.e., when the 
patient has secondary Sjögren’s syndrome, xeros-
tomia may appear. 

 Up to 10 % of patients with SLE experience 
dysphagia  [  23  ] . Erythematous oral ulcers may be 
due to xerostomia and salivary gland involvement. 
Symptoms of xerostomia are dealt with under 
Sjögren’s syndrome. Ulcerations in the pharynx 
may extend into the nasopharynx and larynx. 
Gastrointestinal dysmotility may include the 
esophagus as well as more distal parts of the gas-
trointestinal system. The underlying cause is not 
clear but might be due to submucosal  fi brosis and 
ulceration.    In addition, patients with SLE might 
have central nervous involvement that may cause 
motor or sensory impairment, particularly in the 
face, i.e., trigeminal and facial nerve involvement. 
There is also a high percentage of cerebrovascular 
complications in patients with SLE. Assessment of 
swallowing function may include a combination of 
 fl uoroscopic imaging and endoscopy for the assess-
ment of mucosal lesions. 

 Medical treatment includes corticosteroids 
and disease-modifying anti-rheumatic drugs, e.g., 
antimalarials, azathioprine, cyclosporine, myco-
phenolat mofetil, and cyclophosphamide as well 
as more modern B-cell targeting therapies such 
as rituximab. There is no speci fi c treatment for 
swallowing impairment in SLE other than those 
described under the speci fi c dysfunction.  

   Pemphigus and Pemphigoid 

 Bullous pemphigoid is a chronic subepidermal 
blistering skin disease that may involve mucous 
membranes. Acantholysis is present in pemphigus 
but not in pemphigoid. Pemphigus and pemphig-
oid are both autoimmune diseases characterized 

by presence of antibodies directed against 
hemidesmosomal bullous pemphigoid antigens 
BP230 (BPAg1) and BP180 (BPAg2). IgG-
autoantibodies bind to the skin basement mem-
brane and cause blistering by separation of the 
dermis and epidermis. This may also affect the 
mucosa in the mouth and pharynx  [  24,   25  ] . 

 The patient’s mucosal abnormalities may 
cause odynophagia, i.e., painful swallowing. 
Secondary infection of the ruptured blisters may 
aggravate the pain. The infection of the blisters 
may then cause  fi brosis and eventually stricture 
formation. Radiologic swallowing studies and/or 
endoscopy are often necessary in order to detect 
or rule out pharyngeal and esophageal involve-
ment such as webs and strictures. 

 Patients with advanced disease can be treated 
with corticosteroids and immunosuppressive 
agents. Careful oral hygiene is important includ-
ing prevention of secondary infections. In patients 
with oral mucous involvement, eating hard and 
crunchy foods such as chips, raw fruits, or vege-
tables may cause symptoms like odynophagia to 
 fl air. Localized disease in the oral cavity can be 
treated by topical    steroids.  

   Epidermolysis Bullosa Dystrophica 

 Epidermolysis bullosa dystrophica (EBD) is an 
inherent disease affecting the skin and other 
organs including the mucosa of the oropharynx. 
EBD is an autoimmune disease caused by genetic 
defects within the human COL-7A-1 that encodes 
the production of collagen. The collagen VII 
forms a structural link between the epidermal 
basement membrane and the collagen  fi brils in 
the upper dermis. 

 Mucosal abnormalities are due to sloughing of 
the mucosa resulting in ulcers that are painful and 
easily infected. The oral mucosa is mostly 
affected but laryngeal, esophageal, and conjunc-
tival mucosa can also be involved. These blisters, 
erosions, and ulcers in the pharynx and esopha-
gus may lead to scars, webs, and strictures. It has 
even been reported that such scarring can lead to 
esophageal shortening. This may promote devel-
opment of hiatal hernia and gastroesophageal 
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re fl ux disease  [  26  ] . Odynophagia is common. 
Topical corticosteroids are often used and endo-
scopic dilatation may be necessary if esophageal 
strictures develop.  

   Lichen Planus 

 Lichen planus is a chronic mucocutaneous dis-
ease in the form of papules, lesions or rashes 
involving the skin, mucous membranes, nails, 
and genitals. It has been suggested the lichen 
planus is an autoimmune disease that involves 
CD4+ and CD8+ T lymphocytes. In the esopha-
geal epithelium, parakeratosis and atrophy are 
present. Strictures may form and in the proximal 
esophagus, and besides for their location, can be 
dif fi cult to distinguish from those secondary to 
gastroesophageal re fl ux disease  [  27–  30  ] . Other 
endoscopic  fi ndings include elevated lacy white 
papules, esophageal webs, erosions, and 
pseudomembranes. Although the entire esopha-
gus may be involved, the disease is most frequent 
in the proximal and mid-esophagus. The lichenoid 
lesions may be painful, and can cause dysphagia 
and odynophagia from lesions in the oral cavity 
and esophagus. Spicy food may exacerbate pain. 

 Therapeutic options include systemic corti-
costeroids, cyclosporine, and azatioprin. Topical 
steroids can also be used. When strictures occur, 
endoscopic dilatation is bene fi cial.  

   Behçet Disease 

 Behçet disease is a vasculitis localized to the 
mucous membrane in the mouth and on the geni-
tals. It may also include a systemic involvement 
of visceral organs, musculoskeletal apparatus, 
and central nervous system. There is a genetic 
predisposition in individuals who have the gene 
HLA-B51. The vasculitis causes recurrent oral 
and genital ulcers. Moreover, uveitis and ery-
thema nodosum, folliculitis, thrombophlebitis 
and venous thrombosis, meningitis and central 
nervous system vasculitis, and arthritis may also 
be present  [  31–  34  ] . 

 The oral mucocutaneous ulcerations in the 
form of aphthoid ulcers may be very painful. The 
aphthoid ulcers can be found on the lips, tongue, 
and inside of the cheeks. They may occur as sin-
gle lesions or in clusters. Ulcerations may also be 
found in the esophagus. Both the ulcers in the 
oral cavity and esophagus are painful and may 
evolve after slight trauma. 

 Treatment of the mucosal ulcers includes 
colchicine whilst more systemic disease is treated 
with steroids and immunomodulatory drugs. Oral 
hygiene is important to prevent secondary infec-
tion of the ulcers that per se are sterile. Acidic 
food should be avoided as it may cause pain.  

   Sarcoidosis 

 Sarcoidosis is a granulomatous disease character-
ized by non-caseating epithelioid granulomas. 
The lungs and mediastinum are the predominant 
locations, but may affect any organ. The etiology 
is unknown but an autoimmune predisposition 
has been suggested. There is an increased B-cell 
activity with hypergammaglobulinemia but also a 
reduced delayed-type hypersensitivity response 
in many patients with sarcoidosis. The non-case-
ating epithelial granulomas may also occur in the 
gastrointestinal tract. 

 The epitheloid granulomas may occur in the 
mucosa where they may cause super fi cial nod-
ules and ulcerations that may be painful. When 
larger granulomas occur, these may result in 
irregular strictures and obstruction. An achala-
sia-like dysmotility secondary to esophageal sar-
coidosis has also been reported  [  35  ] . Gingival 
sarcoidosis may be painful and cause 
odynophagia. Super fi cial nodules in the esopha-
gus may also cause odynophagia. Irregular stric-
tures in the esophagus may cause an obstruction 
for bolus transit. 

 The patient should undergo endoscopy or bar-
ium/iodine contrast radiologic evaluation. In 
patients with a feeling of obstructed swallowing, 
a solid bolus test should be included  [  36–  38  ] . 

 Oral corticosteroids are the treatment of 
choice. More advanced disease can be treated 
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with immunomodulatory drugs and with the 
TNF-alpha blocker in fl iximab in severe refrac-
tory cases. Oral mucosal involvement can be 
treated with topical steroids. Esophageal stric-
tures can either be treated with balloon dilatation 
or if not successful, with surgical resection.  

   Rheumatoid Arthritis 

 RA is an autoimmune disorder, characterized by a 
small joint synovitis resulting in swelling, pain, 
stiffness, and loss of function in joints. The syno-
vitis may, if not suf fi ciently treated, eventually 
lead to permanent damage to cartilage, bones, and 
surrounding tissue. RA is an autoimmune disease. 
The predisposition is genetically inherited but is 
also triggered by environmental factors such as 
smoking and infections. The synovia is invaded by 
lymphocytes activated by cytokines such as TNF. 

 Dysphagia may be due to swelling of the syn-
ovial membrane in the cricothyroid and cri-
coarytenoid joints  [  39  ] . Subluxation of the 
atlantoaxial joint may lead to medullary com-
pression of the odontoid process and cause brain-
stem symptoms. Moreover, subluxation of the 
atlantoaxial joint may cause altered biomechan-
ics of the swallowing musculature. Abnormal 
temporomandibular joints may cause mastication 
problem. Anterior cervical spine pannus may 
cause compression of the cervical esophagus. 
Many patients with RA also have xerostomia. In 
patients with juvenile rheumatoid arthritis, dys-
phagia may be due to micrognathia  [  40,   41  ] . 
Dysphagia in RA has a multitude of presentations 
from dry mouth to delayed initiation of the pha-
ryngeal stage of swallow. Painful swallowing 
may also be present  [  41–  44  ] . Therefore the clini-
cal evaluation including imaging should be done 
with a broad approach. 

 Modern treatment of RA includes early initia-
tion of treatment with disease-modifying anti-
rheumatic drugs (DMARD), where methotrexate 
is the most commonly used. It has been shown 
that early initiation of DMARDs improves the 
prognosis and stops or delays the joint  destruction 
that otherwise is the consequence of the disease. 
In case of an inadequate response to the  fi rst-line 

DMARD, a combination of older DMARDs may 
be used or biological DMARDS where the TNF-
alpha blockers are the most widely used. 
Corticosteroids and NSAIDs are mainly used to 
alleviate symptoms while waiting for DMARDs 
to start exerting their effects, which may take a 
couple of weeks after initiating treatment. In 
patients with xerostomia, increased water intake 
and arti fi cial saliva can be utilized. 

 Systemic disease may cause dysphagia by 
several mechanisms, namely

   Xerostomia due to salivary gland impairment.  • 
  Odynophagia due to mucosal blisters, ulcers, • 
and other abnormalities of the tongue, gingiva, 
and cheeks.  
  Mucosal and submucosal strictures in the • 
esophagus and/or pharynx due to acute or 
chronic in fl ammation, particularly in patients 
with strictures of the esophagus, the major dif-
ferential diagnosis is strictures caused by gas-
troesophageal re fl ux disease.  
  Altered biomechanics of oral and pharyngeal • 
musculature due to cervical spine abnormalities.  
  Cortical and brain stem ischemia due to cen-• 
tral nervous system vasculitis leading to neu-
rological impairment.         
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  Abstract 

 There is now strong evidence that acquired Zenker’s diverticulum arises in 
most cases secondary to a poorly compliant, but normally relaxing, UES 
which cannot fully distend during the process of sphincter opening. This 
gives rise to increased hypopharyngeal intrabolus pressure during the 
phase of  trans -sphincteric bolus  fl ow; pressure which is imparted to the 
area of relative muscular weakness (Killian’s dehiscence) just proximal to 
the cricopharyngeus. This combination of factors gives rise to posterior 
herniation of the pouch over many years. The restricted opening of the 
cricopharyngeus is a result of muscle  fi bre degeneration and  fi broadipose 
tissue replacement. For this reason, cricopharyngeal myotomy is the 
essential component for successful surgical treatment of the condition. 
The precise aetiology of this myopathic process affecting the cricopharyn-
geus is unknown and may be multifactorial. However, an underlying myo-
sitis with a predilection for the cricopharyngeus muscle is likely to be one 
such factor in some cases.  

  Keywords 

 Zenker’s diverticulum  •  Bilobed pharyngeal pouches  •  Bilobed with one 
opening  •  Pouches with separate necks  •  Bilobed pouch  •  Laryngocoele  
•  Upper oesophageal sphincter (UES)  •  Dysphagia  •  Swallowing  
•  Pathophysiology      
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   Introduction    and Historical 
Perspective 

 The  fi rst reported case of a posterior pharyngeal 
diverticulum was published by Ludlow  [  1  ] . He 
reported the case of a 65-year-old man with ema-
ciation and progressive dysphagia resulting in his 
demise 13 days after presentation; arguably has-
tened by attempted therapies which included 
blind dilatations with a whale bone and swallow-
ing a “great quantity of quicksilver”. It was not 
until a century later that a systematic anatomical 
description of the entity was published by Zenker 
and von Zeimsen in 1878  [  2  ] . They reviewed 22 
cases from the literature, all con fi rmed by autopsy 
and an additional  fi ve of their own cases 
(Fig.  35.1 ). They elegantly showed that the sac 
constitutes a herniation of mucosa and submu-
cosa posteriorly between the inferior constrictor 
and cricopharyngeus muscles at a point of the 
pharynx that “… has lost the support of the 
 muscular  fi bres which usually sustain it, in 
 consequence of some local in fl uence upon the 
same ” and that there are no muscle  fi bres on the 
diverticulum itself. The focal region of relative 
lack of muscular support was subsequently 
termed Killian’s dehiscence; the roughly triangu-
lar region bounded by the inferior  fi bres of the 
inferior constrictor and the superior  fi bres of the 
cricopharyngeus  [  3  ] .   

   De fi nition and Anatomical 
Considerations 

 Pharyngeal diverticula are most conveniently 
classi fi ed according to their anatomical site. 
Broadly speaking, these anatomical structures 
can be lateral or posterior and they can lie above 
(pharyngeal) or below the cricopharyngeus 
(cervical oesophageal). The lateral pharyngeal 
diverticula are quite distinct entities from the 
posterior (Zenker’s) diverticulum. 

 The typical Zenker’s diverticulum herniates 
posteriorly just proximal to the cricopharyngeus 
(Fig.  35.2 ). Although it protrudes posteriorly, as 
it grows in size it may track to one side or the 

other but tends to be left sided in the majority. 
The reason for this is unclear but an anatomical 
consideration that may explain it in part is the 
greater potential space between the concavity of 
the cervical oesophagus and the left carotid artery 
compared with the right  [  4  ] . While the pouch 
generally has a single opening into the hypophar-
ynx, a number of anatomical variations have been 
reported including three different types of bilobed 
pharyngeal pouches: bilobed with one opening 
 [  5  ] ; two separate pouches with separate necks  [  6  ]  
and a bilobed pouch separated by a septum with 
two necks  [  7  ]  (Fig.  35.3 ).   

 Histopathological studies con fi rm the original 
descriptions of Zenker and von Ziemsen that the 
pouch itself is lined by strati fi ed squamous epi-
thelial mucosa and submucosa which is often 
surrounded by  fi brous tissue  [  8  ] . Muscle  fi bres 

  Fig. 35.1    Preserved autopsy specimen of a large diver-
ticulum from the  fi rst case series described by Zenker and 
von Zeimsen  [  2  ] . This specimen currently resides in the 
Museum of Pathological Anatomy, Erlangen. (The 
autopsy specimen of the very  fi rst case described by 
Ludlow still exists in the pathological collection of the 
Royal In fi rmary, Glasgow)       

 



49735 Zenker’s Diverticulum

are notably absent except in some cases in the 
region of the neck of the diverticulum. Rarely, a 
squamous carcinoma or carcinoma in situ is 
found (see below). 

 Proximal, lateral pharyngeal diverticula are 
frequently bilateral, are more common in the 
elderly and occur at the level of the vallecula in 
an area of relative weakness through the 
 thyrohyoid membrane at a site that is relatively 
poorly supported by cartilage or muscle 
(Fig.  35.4 ). Lateral diverticula may be a congeni-
tal pharyngocele or, more commonly, acquired 
pulsion diverticula. Congenital lateral pouches 
are true branchial cleft cysts representing an 
embryological remnant of the third pharyngeal 
pouch corresponding to the thyrohyoid mem-
brane  [  9  ] . The area of relative weakness is 

bounded by the hyoid bone superiorly, at a site 
where there is incomplete overlap of the thy-
rohyoid muscle anteriorly and the inferior con-
strictor muscle inferiorly  [  10  ] . At this site the 
thyrohyoid membrane is also perforated by the 
superior laryngeal artery, and the internal laryn-
geal branch of the superior laryngeal nerve. 
Lateral pharyngeal diverticula rarely cause symp-
toms and they are a common incidental  fi nding 
 [  10,   11  ] . However, there are sporadic case reports 
of successful alleviation of dysphagia following 
surgical ligation or removal of a lateral pharyn-
geal diverticulum  [  12,   13  ] .  

 Occasionally lateral diverticula can originate just 
below the cricopharyngeus and herniate through an 
area of relative weakness lateral to the point of inser-
tion of the longitudinal muscle of the  oesophagus 

  Fig. 35.2    A typical Zenker’s diverticulum seen in lateral ( left ) and anteroposterior views ( right )       
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onto the cricoid cartilage  [  14  ] . These proximal lat-
eral cervical pouches are sometimes termed Killian–
Jamieson diverticula and may be confused with a 
true Zenker’s because of their close proximity to the 
cricopharyngeus (Fig.  35.5 ). However, they gener-
ally extend anterior to the cervical oesophagus as it 
enlarges while a Zenker’s will not. Killian–Jamieson 
diverticula are much less common than Zenker’s and 
are also less likely to cause symptoms with one study 
attributing symptoms to this diverticulum in 19 % of 
patients studied  [  15  ] .   

   Epidemiology 

 A community study in the UK reported an 
annual incidence of 2 per 100,000 people per 
year  [  16  ] . However, the true prevalence is 
unknown and may be higher than this as many 
have minimal or no symptoms. For example, 

  Fig. 35.3    Unusual bilobed posterior pharyngeal pouch 
seen in an oblique view with single neck arising proximal 
to the cricopharyngeus       

  Fig. 35.4    Lateral pharyngeal pouch seen in the proximal 
pharynx—a distinct entity not to be confused with a pos-
terior (Zenker’s) diverticulum       

  Fig. 35.5    Lateral cervical (Killian–Jamieson) diverticu-
lum. This pouch protrudes laterally and below the cri-
copharyngeus (see text)—not to be confused with a 
posterior (Zenker’s) diverticulum       
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several radiological studies report 0.1–2 % inci-
dence in otherwise asymptomatic individuals 
 [  17,   18  ] . Zenker’s diverticulum is more com-
mon in males than females by a factor of 3:1 
 [  19  ] . The condition is very uncommon under the 
age of 40; extremely rare under the age of 30 
and is generally con fi ned to the geriatric popula-
tion with a median age of presentation in the 
seventh to eighth decades in various studies  [  20, 
  21  ] . However, congenital pharyngeal pouches 
have been reported, some with a family history, 
suggesting that a congenitally enlarged or weak-
ened Killian’s triangle may be a factor in some 
 [  22–  24  ] . There are few reports of racial differ-
ences but it appears to be more common in 
Europeans than Asians, possibly related to dif-
ferences in neck length and it is more common 
in Northern than Southern Europe  [  25  ] .  

   Clinical Features 

 Presenting symptoms include dysphagia com-
bined with varying degrees of regurgitation 
depending on the size of the pouch. Regurgitation 

of undigested food is very common (80 %)  [  19  ] . 
While this is more frequent immediately after 
the meal, patients will often describe regurgita-
tion of food ingested many hours earlier or at 
night. Aspiration symptoms, such as deglutitive 
cough, as well as chronic cough, recurrent chest 
infections and weight loss are common fea-
tures. Occasionally recurrent pneumonia and 
weight loss may be the predominant presenting 
feature particularly if the pouch is large 
(Fig.  35.6 ). Audible gurgling during the swal-
low may be present. Halitosis, due to stasis in 
the pouch, can be a feature. The duration of 
symptoms prior to presentation varies from 
weeks to many years. There is little published 
data on the natural history of this entity but the 
available evidence suggest that the diverticulum 
develops over many years with little or minor 
demonstrable change in pouch size over 8 years 
in one small, longitudinal radiological study 
 [  26  ] . However, even in the context of a known 
long-standing pouch, rapid escalation of symp-
toms can be a feature even without appreciable 
change in pouch size (Cook unpublished). The 
reason for the apparent increase in symptoms is 

  Fig. 35.6    CXR of patient presenting with “vomiting”, 
unexplained recurrent bouts of pneumonia and weight loss. 
( a ) A plain CXR demonstrates pneumonic changes and a 

 fl uid level can be seen within the upper mediastinum ( white 
arrow ). ( b ) After swallowing barium, the inferior margin of 
the diverticulum is more clearly outlined ( black arrow  head)       
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not known. However, based on our current 
understanding of the biomechanics of the phar-
ynx and sphincter in this condition, a likely 
explanation for this observation might be that a 
critical level of cricopharyngeal  fi brosis and 
stenosis is reached.  

 Physical examination is usually non-contribu-
tory although rarely, a palpable lump in the neck 
which gurgles on palpation may be evident. 
Features that might suggest possible malignant 
change include rapid symptom progression, or 
bleeding. Pain is rarely reported but its presence 
is highly suggestive of malignant change  [  27  ] .  

   Complications 

 Squamous carcinoma complicating a pouch is 
rare but is well described with an incidence pos-
sibly between 0.4 and 1.5 %  [  27,   28  ] . Analogous 
with achalasia of the cardia, chronic stasis is 
believed to underpin the malignant change. 

 Haemorrhage from the pouch is rare. Benign 
ulceration of the mucosa within the pouch can 
occur and this can result in signi fi cant bleeding. 
Ulceration is potentially related to acid re fl ux 
 [  29  ] , aspirin-induced mucosal ulceration  [  30  ] , or 
carcinoma  [  27  ] . 

 Bezoar formation in the diverticulum has been 
reported in large pouches  [  31  ] . Fistula formation, 
either spontaneous between pouch and trachea or 
unintentional, secondary to instrumentation has 
been reported  [  31  ] .  

   Diagnosis 

 The most useful diagnostic test is a barium swal-
low, which usually readily demonstrates the 
diverticulum. The radiographic study should also 
carefully examine the oesophagus to identify 
coexistent pathology that might account for or 
contribute to the patient’s dysphagia and regurgi-
tation. For example, a large hiatal hernia or 
oesophageal achalasia is an alternative cause of 
regurgitation and dysphagia. If a diverticulum is 
known or suspected, a dynamic videoradio-
graphic swallow study is preferable to standard 

static  fi lms for a number of reasons. Very small 
diverticula (as well as subtle cervical webs) are 
sometimes only seen transiently during degluti-
tion and are best detected on dynamic studies 
replayed in slow motion. The timing and extent 
of aspiration, usually immediately post-swallow 
in a pure Zenker’s, is better appreciated in a 
dynamic study. Finally, if there is concomitant 
neuromyogenic pharyngeal dysfunction (e.g. 
myopathy) the only way to detect this with cer-
tainty is with a video fl uoroscopic study (Fig.  35.7 ) 
 [  32  ] . Concurrent neuromuscular dysfunction, if 
present, is important to detect as it has diagnostic 
and prognostic implications (see below). If there 
is any doubt about the possible coexistence of a 
neuromuscular disorder (e.g. myositis), in addi-
tion to a careful neurological examination, pre-
liminary testing should include a plasma CPK 
level  [  32–  34  ] .  

 Endoscopic techniques have limited diagnos-
tic capability as the opening of the pouch is not 
always apparent endoscopically. If a constant 
 fi lling defect is seen radiographically, then phar-
yngoscopy may be useful in ruling out a compli-
cating carcinoma. However, examination by 
nasolaryngoscopy [ fl exible endoscopic evalua-
tion of swallowing (FEES)] frequently does not 
detect a diverticulum. FEES will often demon-
strate regurgitation from the pouch but if a pouch 
is suspected, barium radiography is still indi-
cated. In deciding upon the mode of therapy, it is 
important to estimate the size (predominantly 
depth) of the pouch which can be “sized” in cms 
or relative to vertebral width  [  35  ] . For example, 
transoral diverticulostomy may not be feasible if 
the pouch is not suf fi ciently deep to accommo-
date the tip of the instrument (refer Chap.   59    ).  

   Pathogenesis and Pathophysiology 

 Zenker and von Ziemssen in 1878 hypothesised 
that the pouch arises primarily due to relative 
lack of muscular support in the region immedi-
ately proximal to the cricopharyngeus  [  2  ] . This 
roughly triangular section of the posterior pha-
ryngeal wall was well described by Killian (and 
subsequently termed “Killian’s dehiscence”) to 

http://dx.doi.org/10.1007/978-1-4614-3794-9_59
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be bounded by the oblique  fi bres of the inferior 
constrictor muscle above and the transverse  fi bres 
of the cricopharyngeus below  [  36  ] . Zenker 
believed that if the region were to sustain an insult 
that might render it even weaker, the likelihood 
of herniation would be greater. Zenker went on to 
say, somewhat perspicaciously, that “ if there is 
already a stenosis of the upper end of the esopha-
gus before the occurrence of any of these causes, 
it may be readily understood that this would 
favour the formation of a diverticulum, for not 
only would a foreign body in this case be more 
easily detained in the canal, but also, in conse-
quence of the stasis of food caused by the steno-
sis, the pressure on the weak spot must be 
increased ”  [  2  ] . Over the next century following 
that statement, there has been much debate about 
the pathogenesis of the diverticulum. Furthermore, 
while Zenker and those following postulated that 

elevated hypopharyngeal pressures might have 
pathogenic signi fi cance, this phenomenon was 
not demonstrated until 114 years later  [  20  ] . 

 Numerous hypotheses have been put forward 
that might account for the proposed increased 
hypopharyngeal pressure. Initially it was believed 
that upper oesophageal sphincter (UES) incoordi-
nation, speci fi cally premature sphincter closure, 
in some cases combined with early UES relax-
ation, would cause elevated hypopharyngeal pres-
sure  [  37–  39  ] . The validity of those early 
observations is questionable. The radiographic 
studies were semi-quantitative. In the manometric 
studies, the UES relaxation pro fi les were recorded 
by a discrete perfused side-hole positioned within 
the sphincter without appreciation of the degluti-
tive axial mobility of the UES, which is known to 
profoundly in fl uence temporal swallowing measures 
 [  40–  42  ] . Other theories  proposed included resting 
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  Fig. 35.7    Videoradiographic sequence ( a ) and corre-
sponding pharyngeal manometry ( b ) in a patient presenting 
with dysphagia, aspiration and who was found to have pol-
ymyositis and an early Zenker’s diverticulum. Each  vertical 
dashed line  in ( b)  represents the time corresponding to the 
numbered radiographic frames in ( a) . While the sphincter 
relaxes completely ( b ) it has markedly restricted opening as 

evident by the prominent cricopharyngeal bar ( a ). Note the 
weak pharyngeal stripping wave, incomplete contact of 
tongue base with pharyngeal wall and resulting poor pharyn-
geal clearance. Hypopharyngeal intrabolus pressure (frame 
2, channel 3) is increased due to the restricted opening of 
the upper oesophageal sphincter (UES). From R.B. Williams 
et al. Gut 2003;52:471–8 with permission (Fig. 3, page 474)         
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UES hypertonia  [  43  ] , failure of UES relaxation  [  44  ] , 
and a second swallow against a closed sphincter 
 [  38,   45  ] . There has been no consistent demonstra-
tion of any of these phenomena and a number of 
early manometric studies reported normal UES 
tone, deglutitive relaxation and coordination  [  46, 
  47  ] . Indeed a number of subsequent manometric 
studies, accounting for sphincter radial asymme-
try and axial mobility, reported normal or low 
basal UES tone, normal UES relaxation, and nor-
mal pharyngo-sphincteric coordination during the 
swallow  [  20,   48  ] . 

 A combined videoradiographic and manomet-
ric study in which 14 patients were compared 
with nine age-matched healthy controls demon-
strated that the maximal opening of the UES, in 
both sagittal and transverse planes, is signi fi cantly 
restricted in patients with Zenker’s diverticulum 
 [  20  ] . That study also demonstrated conclusively 
a markedly increased hypopharyngeal intrabolus 
pressure during the phase of  trans -sphincteric 
bolus  fl ow and that this elevated pressure domain 
is in continuity with the neck of the diverticulum 
(Figs.  35.8  and  35.9 ). That study also demon-
strated normal resting UES tone and complete 
sphincter relaxation during the swallow. 

Additionally, they found no sphincter incoordina-
tion between pharyngeal contraction and sphinc-
ter relaxation and opening. These  fi ndings 
con fi rm that the underlying disorder is one of loss 
of muscle compliance of the UES but that the 
innervation and central control of the constrictors 
and cricopharyngeus muscle is normal as evi-
denced by complete and normally coordinated 
deglutitive sphincter relaxation.   

 Further con fi rmatory evidence for the primary 
defect being a loss of UES compliance came 
from histopathological and  in vitro  muscle 
studies. In a prospective histopathological study, 
cricopharyngeus and inferior constrictor muscle 
specimens obtained at the time of cricopharyn-
geal myotomy from patients with Zenker’s were 
compared with control tissue obtained at autopsy 
from non-dysphagic individuals  [  49  ] . When 
compared with controls, the cricopharyngeus 
muscle from Zenker’s patients demonstrated 
marked  fi broadipose tissue replacement, muscle 
 fi bre degeneration, and segmental necrosis with 
 macrophage myophagia (Fig.  35.10 ). Two of 14 
specimens demonstrated additional in fl ammatory 
changes. Although healthy cricopharyngeus 
muscle has markedly different morphological 
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  Fig. 35.8    Intraluminal manometric traces in a patient with 
Zenker’s diverticulum (two  right  panels) showing much 
higher intrabolus pressure waves ( stippled ) than those 
seen in the healthy aged control subject ( left  panel). Note 
that when the patient swallowed the second time to clear 

residual bolus from the pharynx, this lower volume bolus 
was associated with a lower (but still abnormal) intrabolus 
pressure and a shorter interval of trans-sphincteric bolus 
 fl ow ( black bar ). From I.J. Cook et al. Gastroenterology 
1992;103:1229–35 with permission (Fig. 3, page 1,232)         
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  Fig. 35.9    Correlation of manometry ( top ) and radio-
graphic tracings ( bottom ) from the same patient as previ-
ous  fi gure during a larger (20 mL) barium bolus swallow. 
Note the extremely high intrabolus pressure ( left ) in con-
tinuity with the open sphincter and the neck of the pouch 
( white dot  represents pressure recording site). Indeed, 
the intrabolus pressure in this case exceeds the peak pha-

ryngeal contractile pressure which results in peristaltic 
“failure” and retrograde escape of the bolus ( centre  
panel). The patient swallowed a second time shortly 
thereafter ( right  panel) and cleared most of the residual 
bolus but not before a small amount of aspiration 
occurred. From I.J. Cook et al. Gastroenterology 
1992;103:1229–35 with permission (Fig. 4, page 1,233)          

  Fig. 35.10    ( a ) Normal cricopharyngeus muscle ( left ) 
obtained from autopsy specimen compared to that from a 
patient with Zenker’s diverticulum obtained at the time of 
myotomy ( b ) ( right ). When compared with the normal 
 cricopharyngeus (CP) muscle, the muscle from patient 

with Zenker’s demonstrates muscle  fi bre dropout (due to 
necrosis, as evidenced by scattered degenerative  fi bres); 
greater  fi bre size variability and a markedly increased 
 fi broadipose tissue replacement. (H & E × 200)       

and histological appearances to limb skeletal 
muscle  [  49,   50  ] , the degenerative and  fi brotic 
changes identi fi ed in the muscle from Zenker’s 
patients, if present in a limb muscle, would be 

consistent with a primary myopathic process and 
accounts for the previously demonstrated loss of 
compliance of the UES in these patients. Lerut 
et al. also showed abnormal contractile  properties 
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in isolated cricopharyngeal muscle from patients 
with Zenker’s in that stimulated isolated cri-
copharyngeus muscle strips  in vitro  demonstrated 
diminished time to peak twitch, reduced contrac-
tile velocity and lower amplitude contractions 
when compared with control tissue  [  51  ] . These 
alterations in biomechanical properties would 
also be consistent with the observed muscle  fi bre 
drop out and  fi brosis.  

 Further evidence that poor cricopharyngeal 
compliance underpins Zenker’s diverticulum and 
accounts for the observed increase in deglutitive 
intrabolus pressure comes from systematic exami-
nation of the biomechanical properties of the phar-
yngo-oesophageal junction before and after 
cricopharyngeal myotomy. Cricopharyngeal myo-
tomy, effectively a curative surgical procedure, 
normalises both the extent of UES opening and 
hypopharyngeal intrabolus pressure in these 
patients (Fig.  35.11 )  [  52  ] . In that study, the rela-
tionship between maximal UES calibre and hypo-
pharyngeal intrabolus pressure only approximated 
that of healthy aged controls following the surgery 
consistent with normalisation of UES compliance 

by myotomy (Fig.  35.12 ). That study also demon-
strated that an adequate myotomy is the essential 
component of treatment, irrespective of what is 
done with the pouch itself. Unless the intrabolus 
pressure is normalised by myotomy, the clinical 
result may be suboptimal (Fig.  35.13 ).     

   Aetiology 

 A wide range of conditions have been reported in 
association with Zenker’s  [  31  ] . Some of these 
may be chance associations and for most, sup-
portive evidence for a causative link is lacking or 
minimal. Laryngocoele, benign tumours of phar-
ynx or oesophagus have been reported rarely. 
Myositis has been reported and systematically 
studied (see below). There are several case reports 
of a pouch developing after anterior cervical 
spine fusion  [  53,   54  ] . Presumably this relates in 
part to a degree of adhesive  fi xation of the poste-
rior pharyngeal wall to the cervical prevertebral 
fascia inducing a traction component to the 
region. The long-standing associations among 
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  Fig. 35.11    Pharyngeal manometric tracings from a 
patient with Zenker’s diverticulum before and after cri-
copharyngeal myotomy. The stippled segment of the pres-

sure trace represents the hypopharyngeal intrabolus 
pressure domain which is very prominent preoperatively 
and which normalises after myotomy       
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  Fig. 35.12    Plot of relationship between upper oesophageal 
sphincter (UES) opening and hypopharyngeal intra-
bolus pressure before and after surgery. Note that the pre-
operative compliance curve is shifted to the left and is 

steeper—indicative of poor sphincter compliance. 
Following surgery, the location and gradient of the curve 
is indicative of normalisation of sphincter compliance 
 following myotomy       

  Fig. 35.13    Postoperative manometric tracing ( a ) and bar-
ium radiograph ( b ) in a patient who underwent diverticulec-
tomy but in whom dysphagia was only partially relieved. 
Note the persistent post-cricopharyngeal restriction ( arrow ) 

indicating that the myotomy was incomplete. Note the 
manometric tracing showing persistently elevated intrabolus 
pressure ( stippled ) indicating persistently poor sphincter 
compliance       

hiatal hernia, re fl ux and pharyngeal pouch, as 
well as the signi fi cance of it, remain unresolved. 

 Although in fl ammatory changes were found 
in only 14 % of myotomy specimens in those 
undergoing surgery  [  49  ] , these samples are 

likely to represent a late stage in the condition in 
which  fi brosis predominates. The cricopharyn-
geus would appear to be quite sensitive to 
in fl ammation as evidenced by the loss of UES 
compliance in patients presenting with  dysphagia 
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in whom myositis was subsequently found to be 
the cause  [  32  ] . The mean time from symptom 
onset to diagnosis of in fl ammatory myopathy in 
that study was 55 months. Of even greater poten-
tial relevance in that retrospective case–control 
study was that 69 % of myositis cases had a 
restrictive disorder of the cricopharyngeus (bar 
or circumferential stenosis) and 24 % of all 
patients had Zenker’s diverticulum; a signi fi cantly 
greater proportion than was seen in controls 
(6 %) with a neurogenic pharyngeal dysphagia 
 [  32  ] . There is an additional case report of a 
Zenker’s associated with polymyositis  [  55  ] . 
However, a number of case reports in patients 
coming to myotomy for dysphagia suggest that 
myositis can be very focal, apparently con fi ned 
to the cricopharyngeus and can cause stenosis of 
the sphincter  [  56–  58  ] . 

 There are a number of reports of an apparent 
increased association with hiatal hernia, includ-
ing one case–control study  [  59,   60  ] . A number 
of studies report an association with re fl ux dis-
ease  [  43,   60–  63  ] . Re fl ux and hiatal hernias are 
very common conditions; the latter particularly 
in the geriatric population in which pharyngeal 
pouches are most prevalent. Hence, a chance 
association among these conditions will be common. 
The mechanisms potentially responsible for 
such a putative link are speculative and, as yet, 
lack proof. One notion is that the hiatal hernia 
alone or re fl ux  per se  increases resting tone 
within the UES. While abrupt pressurisation of 
the oesophagus during spontaneous re fl ux events 
generally triggers re fl exive UES relaxation, 
some re fl ux events can induce increased basal 
UES tone  [  64,   65  ] . However, these events do not 
impair deglutitive UES relaxation—the critical 
time domain during which the swallow-related 
increased intraluminal pressure is acting on the 
posterior pharyngeal wall  [  65  ] . Others have pos-
tulated that oesophageal shortening, as a conse-
quence of re fl ux events and/or in association 
with hiatus hernia formation, put differential 
axial traction on the relatively untethered cri-
copharyngeus compared with the inferior con-
strictors  [  63  ] . They postulate that this differential 
axial mobility, due to the better anchoring of the 
inferior constrictors through its median raphe, 

would tend to open up the region of Killian’s 
triangle. In the absence of more plausible patho-
genetic mechanisms and until objective demon-
stration of such mechanisms is found, the 
potential causative link with GERD must remain 
highly speculative  [  66  ] .  

   Summary 

 There is now strong evidence that acquired 
Zenker’s diverticulum arises in most cases sec-
ondary to a poorly compliant, but normally relax-
ing, UES which cannot fully distend during the 
process of sphincter opening. This gives rise to 
increased hypopharyngeal intrabolus pressure 
during the phase of  trans -sphincteric bolus  fl ow; 
pressure which is imparted to the area of relative 
muscular weakness (Killian’s dehiscence) just 
proximal to the cricopharyngeus. This combina-
tion of factors gives rise to posterior herniation of 
the pouch over many years. The restricted open-
ing of the cricopharyngeus is a result of muscle 
 fi bre degeneration and  fi broadipose tissue 
replacement. For this reason, cricopharyngeal 
myotomy is the essential component for success-
ful surgical treatment of the condition. The pre-
cise aetiology of this myopathic process affecting 
the cricopharyngeus is unknown and may be 
multifactorial. However, an underlying myositis 
with a predilection for the cricopharyngeus mus-
cle is likely to be one such factor in some cases.      
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  Abstract 

 A cricopharyngeal  bar on lateral radiographs of barium swallows is noted 
in some of patients who undergo pharyngeal and esophageal radiographic 
examination. Reduced compliance by  fi brosis has been the explanation for 
the bar. The bolus  fl ow through the upper esophageal sphincter is the same 
as that observed in healthy subjects. The increased resistance to  fl ow  
markedly raises the forces required to drive bolus passage. The intrabolus 
pressure in the hypopharynx of these patients is higher than in healthy 
subjects. The increase in intrabolus pressure depends on the distended 
pharyngoesophageal segment during swallows, with a more signi fi cant 
increase associated with a smaller upper esophageal sphincter diameter 
and an increase of bolus volume. Most of the time, cricopharyngeal bar is 
an unexpected and incidental observation on an esophageal radiologic 
examination. The bar may not cause symptoms, but when it is present 
dysphagia is the most frequent complaint. However, the cause of dys-
phagia may be pharyngeal and esophageal motor abnormalities and not 
the cricopharyngeal bar, a possibility that should be investigated. If the 
patient has dysphagia, he should be investigated by radiologic, endoscopic 
and manometric examinations. The treatment involves some options, as 
surgery, dilatation or botulin toxin.   

  Keywords 

 Zenker’s diverticulum  •  Cricopharyngeal bar  •  Upper esophageal sphincter 
(UES)  •  Pharyngoesophageal segment (PES)  •  Cricopharyngeal (CP) 
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 The major component of the upper esophageal 
sphincter (UES), often termed the pharyngoe-
sophageal segment or PES, is the cricopharyn-
geal (CP) muscle, a 1–2 cm wide muscle that 
does not account for the entire UES high-pressure 
zone, but which also includes the participation of 
the inferior pharyngeal constrictor and the cranial 
cervical esophageal muscles. The CP muscle is 
located in the transition between pharynx and 
esophagus and is distinct from the surrounding 
pharyngeal and esophageal muscles. It is com-
posed of striated muscle of small average diame-
ter  fi bers which are not oriented in a parallel 
fashion  [  1  ]  and contains a large proportion of 
connective tissue. The CP muscle is tonically 
active, has a high degree of elasticity, does not 
develop maximal tension at basal length, and is 
composed of a mixture of slow- and fast-twitch 
 fi bers, with the former predominating  [  1,   2  ] . This 
permits the CP muscle to be able to be stretched 
open by distracting forces, such as a swallowed 
bolus and hyoid and laryngeal excursion  [  2  ] . The 
passive elasticity of the tissues is responsible for 
part of the UES pressure. 

 The UES must open adequately to permit 
transfer of the bolus from pharynx to esophagus. 
The opening mechanism of this sphincter involves 
sphincter relaxation, anterior hyo-laryngeal trac-
tion, and intrabolus pressure  [  3  ] . Sphincter relax-
ation occurs during laryngeal elevation and 
precedes opening by a mean period of 0.1 s. UES 
opening is an active mechanical event rather than 
simply a consequence of CP relaxation  [  4  ] , with 
the sphincter diameter during opening also being 
a function of bolus volume and consistency  [  3, 
  5  ] . Suf fi cient opening of the sphincter is neces-
sary for the complete transit of the bolus, other-
wise the bolus  fl ow will not be complete and the 
subject may complain of dysphagia and have 
residues in the pharynx. 

 A CP bar on lateral radiographs of barium 
swallows is noted in some patients who undergo 
pharyngeal and esophageal radiographic exami-
nation, almost always in elderly subjects 
(Fig.  36.1 )  [  6  ] , seen as a posterior indentation of 
the esophageal lumen between cervical vertebrae 
3 and 6. This may be manifested as an anatomical 
protrusion in elderly cadavers  [  7  ] . Most of the 

time the CP bar does not cause symptoms, but 
dysphagia may be reported by some subjects. The 
terms achalasia, spasm, and hypertrophy are inap-
propriate to describe this radiologic  fi nding. The 
CP bar is seen as a prominence in the UES lumen, 
different from the circumferential reduction in 
sphincter lumen which indicates CP stenosis.  

 Reduced compliance by  fi brosis has been the 
explanation for CP bar. It has not been demon-
strated that these patients have impaired relaxation 
of the UES. Investigations showed that the UES 
relaxes normally and the magnitude of hyoid and 
laryngeal movement is normal, suggesting that the 
major abnormality in the CP bar is reduced pas-
sive compliance of the relaxed UES  [  5  ]  similar to 
that seen in patients with a Zenker’s diverticulum. 

 There are descriptions of a transverse ridge on 
the posterior hypopharyngeal wall of elderly cadav-
ers  [  7  ] . On the median sagittal plane, the muscular 
layer of the ridge was thicker than that of adjacent 
parts of the wall. Histologic sections through the 
ridge revealed four tissue layers: mucosa,  fi brous, 
muscular, and adventitial. The  fi brous layer 

  Fig. 36.1    A 72-year-old woman with a marked cricopha-
ryngeal bar ( arrow ) narrowing the UES opening       
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contained collagen and elastin  fi bers which 
mainly ran longitudinally underneath the mucosa 
and were continuous with the horizontal  fi brous 
septa in the muscular layer. The muscular layer 
appeared as a partial fold on the sections. The 
superior part did not continue with the muscular 
layer in the pharyngeal wall, and the inferior part 
of the ridge gradually became thinner. Other 
described alterations are degeneration and regen-
eration in the muscle  fi bers with interstitial 
 fi brosis  [  8  ] . Alterations of the UES opening have 
been described in elderly subjects, even those 
without a CP bar. Elderly subjects have a lower 
UES pressure than young individuals and delayed 
UES relaxation  [  9  ] . The anteroposterior UES 
diameter and hyoid and anterior laryngeal excur-
sion are shorter in the elderly compared to the 
young  [  10  ] . The intrabolus pressure in the phar-
ynx of elderly subjects is higher than that of 
young subjects, suggesting a higher pharyngeal 
out fl ow resistance in the elderly  [  10  ] . The intra-
bolus pressure is the positive hypopharyngeal 
pressure that precedes the peristaltic pressure 
wave, with its onset coincident with the arrival of 
the bolus head at the hypopharynx  [  3  ] . 

 The CP bar in some individuals represents a 
pharyngeal out fl ow resistance to  fl ow. However, 
the  fl ow through the UES is the same as that 
observed in healthy subjects  [  11  ] . The increased 
resistance to  fl ow observed in the presence of 
abnormal structure or function of the pharyngeal–
esophageal transition markedly raises the forces 
required to drive bolus passage  [  12  ] . The intra-
bolus pressure in the hypopharynx of patients 
with a CP bar is higher than in healthy subjects, 
and is almost four times higher than in healthy 
subjects when the volume of liquid bolus swal-
lowed is 20 mL compared with two times higher 
when the volume is 2 mL  [  11  ] . Intrabolus pres-
sure re fl ects locally the existence of UES con-
striction with resistance to  fl ow  [  12  ] . The increase 
in intrabolus pressure depends on the distended 
pharyngoesophageal segment during swallows, 
with a more signi fi cant increase associated with a 
smaller UES diameter  [  13  ] . 

 As the CP bar is more frequently seen in older 
subjects, the alterations of pharyngeal transit and 
contraction that may be observed in CP bar 

patients are the same as those of older subjects 
without a CP bar. Compared with younger sub-
jects, elderly individuals have longer hypopha-
ryngeal transit time, longer UES opening  [  6  ] , 
increased amplitude and duration of the peristal-
tic pressure wave in the hypopharynx, a decrease 
in UES resting pressure  [  14  ] , an increase in pha-
ryngeal residues, and longer oral and pharyngeal 
transit time and pharyngeal clearance time  [  15  ] . 
The differences between the patients with symp-
tomatic CP bar and older healthy subjects is the 
smaller sagittal and transverse diameter seen dur-
ing radiologic examination  [  6,   11,   13  ] , and an 
increase in intrabolus pressure proximal to the 
UES  [  11,   12  ] . The increase in intrabolus pressure 
should preserve the normal  fl ow rates even though 
the UES does not open normally. This situation 
may be a contributor to the development of 
Zenker’s diverticulum in some patients  [  12,   16  ] . 

   Diagnosis 

 Most of the time, CP bar is an unexpected and 
incidental observation on an esophageal radio-
logic examination. The bar may not cause symp-
toms, but when it is present, and symptomatic, 
dysphagia is the most frequent complaint. The 
dysphagia may only be manifested by dietary 
modi fi cations and prolonged meal time, but some 
patients may have severely decompensated 
abnormal swallowing and weight loss. However, 
the cause of dysphagia may be pharyngeal and 
esophageal motor abnormalities and not the CP 
bar, a possibility that should be investigated. The 
CP bar is more frequently associated with dys-
phagia when there is a marked obstructive bar 
with a small UES diameter narrowing the lumen 
 [  13  ] , when a Zenker’s diverticulum is present, or 
when the patient also has pharyngeal weakness 
or neuromuscular dysfunction. 

 If the patient has dysphagia, it should be inves-
tigated by radiologic, endoscopic, and manomet-
ric examinations. The CP bar is seen as a posterior 
indentation of the esophageal lumen between 
cervical vertebrae 3 and 6, as visualized in the 
lateral view X-ray, not related to a cervical osteophyte 
 [  6  ] , and may be mild, moderate, or marked, as 



512 R.O. Dantas

exempli fi ed in several papers  [  6,   11–  13,   17  ] . A 
marked CP bar is shown in Fig.  36.1 , with a 
restricted UES opening in the radiologic exami-
nation of a 72-year-old woman with severe 
dysphagia. 

 The introduction of high-resolution manome-
try (HRM) has improved our understanding of 
motility alterations of the pharynx, UES, and 
esophagus  [  17  ] . Manometry is not essential for 
the diagnosis, but will show an increase in intra-
bolus pressure that represents the resistance to 
 fl ow across the UES  [  12,   17  ] . The UES relaxation 
is normal. Generally there are no further abnor-
malities in pharyngeal, UES, or proximal esopha-
gus motility, but weak pharyngeal constrictors 
have been described  [  13  ] . Other motility abnor-
malities may be found in the pharynx and esoph-
agus because dysphagia is a common problem in 
older subjects. Changes in physiology with aging 
are seen in the pharynx, UES, and esophagus of 
both symptomatic and asymptomatic older indi-
viduals  [  18  ] . 

 A CP bar is dif fi cult to evaluate on endoscopic 
examination, but rigid or  fl exible endoscopy may 
be of bene fi t in some patients by excluding malig-
nancies as the cause of dysphagia.  

   Treatment 

 The objective of the treatment of a CP bar is to 
create conditions that increase the sphincter 
diameter during swallowing. If the subjects do 
not have symptoms or if the symptoms are not a 
consequence of the CP bar, there is no need to 
treat the bar. Surgical intervention is only appro-
priate for selected patients after careful evalua-
tion. The patients should not have other clinical 
conditions, which might be responsible for the 
symptoms. In this situation, the treatment of these 
other clinical conditions should come  fi rst. 

 There are no suf fi cient controlled investiga-
tions about therapy of the CP bar with botulin 
toxin and CP dilatation, but some investigations 
have reported good results. 

 Botolinum toxin injection, either endoscopi-
cally or transcutaneously, has been reported to be 
of bene fi t. With the injection of 30 units into the 

CP muscle of 10 selected patients with dysphagia 
and pure UES dysfunction, the relative opening of 
the sphincter improved from 47 ± 14 % before 
treatment to 71 ± 24 % after treatment. 
Hypopharyngeal retention or laryngeal penetra-
tion was signi fi cantly reduced in four of seven 
patients. Clinical symptom scores improved in all 
of them  [  19  ] . A single injection of botulinum toxin 
into the CP muscle has long-lasting effectiveness 
in patients with neurologic dysphagia caused by 
alteration in the UES opening and with pharyngeal 
contraction, but it is not possible to rule out the 
effect of potential spontaneous improvement of 
neurologic injury  [  20  ] . This option best serves 
cases of failed relaxation of the CP muscle, which 
is usually not the case in patients with CP bar. 
Diffusion of the toxin to adjacent muscles may 
worsen dysphagia or cause vocal cord dysfunction 
as well. Controlled trials are needed to determine 
the safety and ef fi cacy of the use of the toxin. 

 CP dilatation is a possibility but there are few 
studies showing results of this treatment in 
patients with a CP bar. In a study of six patients 
with CP bar and dysphagia, all subjects experi-
enced immediate relief,  fi ve showed continued 
improvement at 1–4 weeks, and three still showed 
complete resolution of dysphagia at long-term 
follow-up ranging from 8 to 27 months  [  21  ] . This 
therapy should be an option only for elderly 
patients who are in no condition to undergo sur-
gical treatment. Repeated dilatation over many 
years may be required for about half the patients, 
and some of them eventually require surgery  [  22  ] . 
Balloon dilatation of the UES is a low-risk option 
that works best in patients with  fi brosis of the CP 
 [  23  ] , which is the case for the CP bar. 

 The most important option to treat patients 
with structural disorders that limit the opening of 
the UES,  s uch as a symptomatic CP bar, is cri-
copharyngeal myotomy  [  22  ] . CP myotomy is 
indicated when there is a limitation in UES open-
ing, but the laryngo-hyoid complex elevated in an 
anterosuperior direction to open the sphincter 
and the pharyngeal pressure is suf fi cient to pro-
pel a bolus through the open sphincter  [  23  ] . CP 
myotomy helps to normalize the UES opening 
 [  24,   25  ]  and may improve pharyngeal contrac-
tion  [  24  ] . In 20 patients with cricopharyngeal 
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dysfunction, 12 with Zenker’s diveticulum, the UES 
opening for a 3 mL bolus was 3.0 ± 1.7 mm before 
myotomy and 5.1 ± 1.5 mm after myotomy, cor-
responding to normal values (5.2 ± 0.2 mm)  [  25  ] . 
Pharyngeal size was unchanged, but UES open-
ing showed better improvement with CP myo-
tomy than with dilatation or botulinum toxin, 
suggesting that CP myotomy is more effective 
than the latter procedures in relieving obstruction 
 [  24  ] . Endoscopic cricopharyngeal myotomy is a 
safe and effective treatment option for patients 
with cricopharyngeal dysphagia  [  26  ] , with most 
surgeons using a laser to perform the myotomy 
 [  27  ] . The evaluation of symptoms in 14 patients 
with a CP bar, with normal or low pharyngeal 
pressure contraction, using the Functional 
Outcome Swallowing Scale (FOSS) found a 
signi fi cant decrease of symptoms in all of them 
after endoscopic laser CP myotomy, with normal 
physiologic function without symptoms in  fi ve 
 [  27  ] . The improvement after this treatment was 
signi fi cant in patients with normal pharyngeal 
contraction and in patients with a weak pharyn-
geal contraction. There was an increase from 32.8 
to 123.5 mm 2  in the mean cross-sectional CP (   or 
UES) area after endoscopic laser myotomy. The 
intrabolus-pressure gradient (the difference 
between the intrabolus pressure recordings from 
above and below the 3 cm UES region) decreased 
from 25.4 to 13.2 mmHg 6 months postopera-
tively. Both the groups with normal and with 
weak pharyngeal driving force had the same 
results, suggesting that a weak pharyngeal pres-
sure is not a problem for myotomy  [  27  ] . The laser 
technique is at least as effective as the transcervi-
cal approach for CP myotomy to improve dys-
phagia in properly selected patients, with a lower 
risk of major complications.  

   Key Points 

     1.    CP bar may be found in radiologic examina-
tion of elderly subjects with no complaints.  

    2.    CP bar is seen as a posterior indentation of the 
esophageal lumen between cervical vertebrae 3 
and 6, causing a reduction of the upper esopha-
geal sphincter diameter during opening.  

    3.    CP bar is more frequently seen in older 
subjects.  

    4.    Reduced compliance by  fi brosis has been the 
explanation for CP bar.  

    5.    During pharyngeal and upper esophageal 
sphincter bolus  fl ow, there is an increase in 
hypopharyngeal intrabolus pressure that rep-
resents the resistance to  fl ow across the upper 
esophageal sphincter.  

    6.    The best option to treat patients with structural 
disorders that limit the opening of the upper 
esophageal sphincter, such as a symptomatic 
or obstructive CP bar, is cricopharyngeal 
myotomy.          
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   Introduction 

 Cricopharyngeal achalasia is a somewhat confus-
ing entity that suffers from an inconsistent 
de fi nition throughout the relatively sparse medi-
cal literature (at the time of this publication only 
120 articles are detected in PUBMED using this 
as a search term). The term “achalasia” derives from 
the ancient Greek  a- (not) +  khalasis  ( relaxation) 

and was coined early in the twentieth century to 
indicate the failure of the normal relaxation 
response of the lower esophageal sphincter in 
response to deglutition. However, the lower 
esophageal sphincter and the upper esophageal 
sphincter have fundamentally different composi-
tions, innervations, and mechanisms of action. 

 The lower esophageal sphincter (LES) is a 
smooth muscle structure that generates spontane-
ous tone, independent of neural excitation. 
Activation of vagal neural input (from the dorsal 
motor nucleus) is transmitted via synapses to 
neurons having an intramural location in the 
esophagus. The subsequent activation of these 
postsynaptic neurons releases nitric oxide, result-
ing in hyperpolarization and relaxation of the 
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LES. Distension of the esophagus can activate 
local intramural or vago-vagal re fl ex arcs to 
inhibit the lower esophageal sphincter also. There 
is also a chronic excitatory innervation to the 
LES, involving the neurotransmitter acetylcho-
line acting at muscarinic receptors in the smooth 
muscle cells. Blockade of this excitatory input by 
use of muscarinic antagonists, such as atropine, 
results in a fall in resting tone. However, the 
inhibitory innervation is normally dominant, so 
that when the vagus nerve is electrically stimu-
lated, the net result of activation of both excit-
atory and inhibitory postganglionic neurons is 
LES relaxation. Achalasia of the LES occurs 
when there is loss of its inhibitory innervation. 
An achalasia-like condition can also be induced 
pharmacologically by agents that block the syn-
thesis of nitric oxide. 

 In contrast, the upper esophageal sphincter 
(UES) is a skeletal muscle structure. Its innerva-
tion is from excitatory motor neurons residing 
in the nucleus ambiguus. The excitatory neu-
rotransmitter is again acetylcholine, but this acts 
on nicotinic receptors at the neuromuscular 
junction. There is no spontaneous tone in these 
skeletal muscle cells. Resting tone in the UES is 
dependent on tonic input from the excitatory 
motor neurons. Temporal variations in the UES 
tone, as occur with phasic contractions, re fl ect 
variations in the recruitment and activation of 
the motor neurons supplying the UES. 
Destruction of these motor neurons or pharma-
cologic blockade of nicotinic transmission 
results in a  fl accid UES. Relaxation of the UES 
with deglutition results from inhibition of the 
tonic  fi ring of the excitatory motor neurons. The 
 fi rst order of control for these motor neurons 
resides in the interneurons comprising the swal-
lowing central pattern generator in the brain-
stem. Distension of the esophageal body can 
alter the tone of the UES via re fl ex arcs involv-
ing the afferent vagal pathways. Whether the 
UES contracts or relaxes depends upon the 
physical parameters of the stimulus. For exam-
ple, focal distension of the esophagus (as occurs 
with a distending balloon) causes UES contrac-
tion. However, abrupt gaseous distension of 
most of the esophagus (as occurs during 

gastroesophageal re fl ux of gas) results in UES 
relaxation. 

 During the act of deglutition, normal relax-
ation of the UES is not just a matter of the com-
pleteness and duration of the inhibition of muscle 
tone. This relaxation has to occur at the correct 
time in the swallow cycle. This occurs after ele-
vation and anterior movement of the larynx (and 
with it movement of the UES). The relaxation 
occurs during the apogee of UES movement, 
which facilitates entry of the bolus into the UES. 
The bolus is being propelled into the pharyngoe-
sophageal segment by the organized contractions 
of the tongue and pharyngeal constrictors. 
Premature or delayed relaxation of the UES rela-
tive to the action of the other muscles of degluti-
tion can have effects similar to no deglutitive 
relaxation in terms of impairing bolus transit into 
the esophagus. 

 Unfortunately, the literature on cricopharyn-
geal achalasia has been made confusing by the 
lack of a uniform de fi nition of the condition. In 
addition, the presence of cricopharyngeal achala-
sia has been inferred from diagnostic testing 
modalities without an appreciation of alternative 
disorders that could produce  fi ndings that have 
been attributed to achalasia. Ideally, detection of 
abnormalities in the deglutitive inhibition would 
be accomplished by direct recordings from the 
motor neurons supplying the CP muscle or from 
the muscle itself. Such techniques either are not 
available clinically or the availability is con fi ned 
to a few tertiary centers. 

 In an attempt to develop some consistency 
within the  fi eld, the following de fi nitions are 
proposed: 

  Cricopharyngeal achalasia : A condition in 
which, during deglutition, the CP muscle or the 
motor neurons supplying it exhibit one or more 
of the following abnormal patterns of activity: 
(1) incomplete inhibition of activation; (2) abnor-
mally short duration of complete activation inhi-
bition; (3) abnormal timing of inhibited activation, 
relative to the activation of other motor neurons 
controlled by the swallowing central pattern gen-
erator; (4) increased activation during the normal 
interval of inhibition. 
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  Cricopharyngismus : A condition in which the CP 
muscle or the motor neurons supplying it exhibit 
either an increased activation or a reduced deacti-
vation in response to an esophageal stimulus that 
normally results in an inhibition of activity. 

  Cricopharyngeal hypertonicity : A condition in 
which the CP muscle or the motor neurons sup-
plying it exhibit abnormally elevated activity dur-
ing interdeglutitive intervals.  

   Cricopharyngeal Achalasia 

   Etiopathogenesis 

 The pathogenesis of cricopharyngeal achalasia is 
largely unknown, due to the rarity of the condi-
tion, lack of precision in the diagnosis, dif fi culties 
in instrumental investigation, and unavailability 
of a reliable animal model (sporadic cases have 
been reported in dogs naturally, but these have 
not been characterized systematically). Based 
upon the clinical conditions associated with the 
disorder, the most likely causes are destruction of 
portions of the neuronal circuitry that comprises 
the central pattern generator for swallowing, 
which resides within the medullary brainstem. 
Destruction could involve any of the following: 
medullary interneurons, efferent pathways hav-
ing input from cortical swallowing centers, and 
afferent pathways conveying sensory information 
to the central pattern generator and cortex. 
Complete destruction of the primary motor neu-
rons or their axons that supply the CP muscle is 
unlikely to be a major mechanism for cricopha-
ryngeal achalasia, as this would render the UES 
 fl accid, rather than spastic. 

 It is important to recognize that the abnormal 
deglutitive response of the UES may be a some-
what isolated phenomenon, and the function of 
the UES during other processes, such as respira-
tion may remain intact. For example, this author 
has observed that most patients with abnormal 
deglutitive UES responses maintain a UES relax-
ation response to esophageal air distension or 
gastroesophageal re fl ux of air (Fig.  37.1a, b ). 
Likewise, many patients with deglutitive UES 

dysfunction continue to have this function 
modi fi ed by sensory input. Thus, patients with 
impaired relaxation or paradoxical contraction 
with dry swallows show improved relaxation 
parameters with wet swallows (Fig.  37.2 )  [  1  ] .   

 A list of conditions presumptively associated 
with cricopharyngeal achalasia is shown in 
Table  37.1 . The term presumptive is used, because 
in the majority of cases the  fi ndings upon which the 
diagnosis of cricopharyngeal achalasia was based 
(reduced opening of the pharyngoesophageal seg-
ment on video fl uoroscopy) may have instead 
resulted from another pathophysiology (e.g., pha-
ryngeal myopathy or paralysis). This is almost cer-
tainly the case for the reports of cricopharyngeal 
achalasia with mitochondrial myopathies, such as 
Kearns–Sayre syndrome, so that these conditions 
are not included in the list of etiologies at this time. 
In many cases, the etiology remains unknown.   

   Clinical Presentation 

 Cricopharyngeal achalasia has been reported in 
all age groups. Symptoms may have an abrupt or 
gradually progressive onset, depending on 
whether the etiology is a vascular/traumatic 
catastrophe or results from an ongoing neurode-
generative process. The symptoms associated 
with cricopharyngeal achalasia are nonspeci fi c 
and listed in Table  37.2 . In many cases, the symp-
toms re fl ect the effects of additional disorders 
that are present conjointly with cricopharyngeal 
achalasia, such as pharyngeal paralysis or laryn-
geal sensory neuropathy. Solid dysphagia is usu-
ally more common than liquid dysphagia. 
“Stringy” foods, such as noodles and vegetable 
leaves, seem to be particularly challenging. In 
addition to foods, pills often hang up. Solids pro-
voking dysphagia can take several swallows to 
get down; failing this, they may be coughed back 
into the oral cavity and expectorated. Prolonged 
retention of caustic pills, such as potassium chlo-
ride or aspirin, may cause a pill-induced mucosal 
injury in the hypopharynx, resulting in symptoms 
of odynophagia. Dysphagia with liquids in isola-
tion is more likely to occur when there are con-
comitant disturbances in the function of other 
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  Fig. 37.1    ( a ) Contour plot from a high-resolution solid-
state manometry study in a patient with cricopharyngeal 
achalasia. At the start of a dry swallow the upper esopha-
geal sphincter (UES) contracts brie fl y, then as it moves 
orad, the pressure remains considerably elevated above 
the intra-esophageal pressure.  LES  lower esophageal 

sphincter. ( b ) Same patient as in  a . However, after the 
patient sits up there is a transient lower esophageal 
sphincter relaxation ( A ). This is followed by an abdomi-
nal strain event ( B ), which is associated with a non-
deglutitive relaxation of the UES ( C ) that is accompanied 
by a belch         
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swallowing structures, such as tongue or inferior 
constrictor weakness.  

 Respiratory symptoms typically result from 
the aspiration of ingesta retained within the hypo-
pharynx above the non-relaxing UES. This is 
more likely to occur during oropharyngeal multi-
tasking, such as when the patient is both convers-
ing and eating. Respiratory symptoms provoked 
by undistracted deglutition suggest that additional 
sensorimotor de fi cits may be present, including 
those affecting supraglottic and glottic structures.  

   Physical Examination 

 There are no  fi ndings on physical examination 
that support the diagnosis of cricopharyngeal 
achalasia. The purpose of the physical examina-
tion is to assess for the presence of  fi ndings that 
might offer a clue to the underlying etiology. 
Given the most common etiologies, a meticulous 
neurologic examination, particularly of structures 
innervated by the cranial nerves, is paramount. 
Detection of oral and cervical masses or lymph-
adenopathy may be the  fi rst clue of an underlying 
malignancy. Scars from previous trauma or sur-
gery may point to the etiology. The cardiovascu-
lar system is assessed for sources of stroke. The 
pulmonary examination is important to detect 
complications, such as aspiration pneumonia.  

  Fig. 37.2    Manometric tracings from a study using a per-
fused sleeve to record from the  upper  esophageal sphincter 
UES. The  left panel  shows a dry swallow. The UES fails to 
relax. The early dramatic pressure spike results from the 

non-relaxing UES pushing  fl uid back on the sleeve during 
its orad ascent. The second panel shows a complete UES 
relaxation with a 5 ml water swallow, although the dura-
tion of relaxation remains abnormally short       

   Table 37.1    Conditions associated with cricopharyngeal 
achalasia   

 Cortical stroke 
 Lateral medullary stroke (Wallenberg’s syndrome) 
 Parkinson’s disease 
 Cerebral palsy 
 Multiple sclerosis 
 Amyotrophic lateral sclerosis 
 Alzheimer’s disease 
 Myasthenia gravis 
 Primary central nervous system or metastatic cancer 
 Arnold–Chiari malformation 
 Myotonic dystrophy 
 Multiple system atrophy 
 Ataxia telangiectasia 
 Trauma/surgical injury 
 Inclusion body myositis 
 Post-polio syndrome 

   Table 37.2    Symptoms associated with cricopharyngeal 
achalasia   

 Solid dysphagia 
 Liquid dysphagia 
 Odynophagia 
 Globus sensation 
 Cough/choking/stridor/hoarseness 
 Nasopharyngeal regurgitation 
 Starvation/dehydration 
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   Endoscopic Evaluation 

 Endoscopy (including laryngoscopy) is generally 
unhelpful in the diagnosis of cricopharyngeal 
achalasia. While dif fi culty with intubation of the 
esophagus with the endoscope may raise the pos-
sibility of the presence of cricopharyngeal acha-
lasia, in this author’s experience, this  fi nding is 
neither sensitive nor speci fi c for the disorder. The 
most common  fi nding is retention of excess  fl uid 
or particulate debris in the pyriform sinuses and 
valleculae, which is a nonspeci fi c  fi nding. The 
main role of endoscopy is to exclude other condi-
tions which might cause similar symptoms (such 
as tumors of the larynx, pharynx, and cervical 
esophagus) and to survey for other conditions 
whose presence may complicate the treatment 
plans for cricopharyngeal achalasia (such as 
severe gastroesophageal re fl ux disease). 
Endoscopy can identify additional disorders that 
may be present, either incidentally or as part of 
the process that caused the cricopharyngeal acha-
lasia. These can include esophageal webs or inlet 
patches, laryngeal paresis, and vocal cord lesions. 
Depending upon the instrument used, mucosal 
lesions can be biopsied and stenoses dilated dur-
ing the endoscopic examination. 

 Particularly with smaller caliber endoscopes, 
intubation of the esophagus can be dif fi cult in 
patients with cricopharyngeal achalasia. Because 
the UES fails to relax, or even contracts, during 
its orad excursion with deglutition, it tends to 
knock the endoscope away from the lumen of the 
pharyngoesophageal segment. Endoscopic intu-
bation is often more successful by using slow but 
steady pressure to advance the endoscope tip into 
the esophageal inlet between swallows, particu-
larly in older subjects who have lower resting 
tone in the UES.  

   Video fl uoroscopic Evaluation    

 Video fl uoroscopy remains the mainstay for eval-
uating the patient with symptoms suggestive of 
cricopharyngeal achalasia. It can demonstrate 
reduced opening of the pharyngoesophageal seg-
ment and post-deglutitive bolus retention within 

the hypopharynx that are commonly seen in this 
condition. Video fl uoroscopy can also detect the 
presence of other disturbances in function, such 
as abnormal tongue strength or control, impaired 
hyolaryngeal elevation, pharyngeal paralysis, 
nasopharyngeal regurgitation, aspiration, and 
esophageal spasm. By the use of anterior–poste-
rior as well as lateral images, video fl uoroscopy 
can detect unilateral defects in function  [  2  ] . 
Video fl uoroscopy can detect other intraluminal 
disorders that cause symptoms, such as neo-
plasms or cervical osteophytes, and it is more 
sensitive than endoscopy for detecting subtle 
webs in the proximal esophagus. Because rela-
tively  fl at mucosal lesions can also be missed on 
video fl uoroscopy, it is never satisfactory as the 
sole modality for evaluating patients with possi-
ble cricopharyngeal achalasia. 

 Video fl uoroscopy suffers from two fundamen-
tally diametric limitations in the diagnosis of cri-
copharyngeal achalasia. The  fi rst is that 
pharyngoesophageal segment opening does not 
depend solely upon UES relaxation. The degree 
of opening is also determined by (1) traction on 
the larynx by the contraction of the thyrohyoid 
muscle (serving to pull open the UES), (2) 
strength of the pulsion forces transmitted through 
the bolus by pharyngeal muscle contraction (serv-
ing to push open the UES), (3) size of the bolus 
being swallowed, and (4) distensibility properties 
of the CP muscle tissue. Thus, reduced pharyn-
goesophageal segment opening and post-degluti-
tive bolus retention in the hypopharynx can be 
seen with other conditions besides cricopharyn-
geal achalasia. These include pharyngeal paresis, 
reduced distensibility of the CP (as occurs with 
muscular in fl ammation,  fi brosis, or neoplastic 
in fi ltration), and impairment of the hyolaryngeal 
muscle complex that serves to pull open the UES 
during deglutition. Completely normal degluti-
tive relaxation of the UES may still be associated 
with abnormal pharyngoesophageal segment 
opening and bolus transit if one or more of these 
other factors is abnormal. Of course, cricopha-
ryngeal achalasia may co-occur with these other 
abnormalities. 

 Conversely, intact function of the other mus-
cles of deglutition may be suf fi cient to overcome 
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the non-relaxing UES, resulting in seemingly 
normal bolus clearance, particularly with the rel-
atively low viscosity liquid boluses that are rou-
tinely used  [  3  ] . In this author’s experience, nearly 
half of patients with manometrically documented 
deglutitive UES dysfunction have no abnormali-
ties detected on video fl uoroscopy  [  4  ] . Thus, 
video fl uoroscopy is neither sensitive nor speci fi c 
for the diagnosis of cricopharyngeal achalasia. 

 Cricopharyngeal  achalasia  should be distin-
guished from cricopharyngeal  bar , which is the 
appearance of a focal indentation of the barium 
column at the level of the cricopharyngeus mus-
cle during a  fl uoroscopic examination (see sepa-
rate section on Cricopharyngeal Bar). While a 
cricopharyngeal bar can be observed in patients 
with cricopharyngeal achalasia, this  fi nding is 
neither sensitive nor speci fi c, as the above discus-
sion indicates.  

   CT/MRI Imaging 

 Imaging by CT or MRI is not helpful in diagnos-
ing cricopharyngeal achalasia. Within the neck, 
the main purpose of such imaging is to identify 
extra-luminal processes such as neoplasms, 
abscesses, osteophytes, vascular aneurysms/
anomalies, and surgical or traumatic changes that 
could cause or mimic cricopharyngeal achalasia. 
Imaging within the central nervous system is 
directed toward identifying pathologic processes 
and lesions that could result in cricopharyngeal 
achalasia.  

   Intraluminal Manometry 

 Intraluminal manometry is covered in more detail 
in other sections. With the use of adequate meth-
odology, manometry can detect the impairment 
of the degree and duration of deglutitive relax-
ation of the UES, as well as inappropriate con-
traction during the normal period of motor 
quiescence. It can assess the coordination of this 
relaxation with proximal pharyngeal muscle con-
traction. Finally, with some manometric equip-
ment, concurrent assessment of esophageal motor 

function is also possible, and esophageal body/
LES dysfunction is observed frequently in 
patients with UES dysfunction, in this author’s 
experience  [  5  ] . 

 The caveat is that the above are possible only 
when the manometric equipment is adequate and 
appropriately utilized. Unfortunately, the litera-
ture is replete with studies using techniques that 
cannot track the axial movement of the UES with 
deglutition. When a point sensor is placed in the 
UES high-pressure zone at rest, during degluti-
tion, this sensor will be displaced into the proxi-
mal esophagus. Thus, the manometric recording 
will display a spurious interval of relaxation, 
when what is actually being recorded is the time 
of UES axial excursion. This can result in a false-
negative study in terms of detecting cricopharyn-
geal achalasia. Because of this limitation, many 
studies having taken elevated “resting” UES pres-
sure as evidence of cricopharyngeal achalasia. 
The discomfort from this test itself in a patient 
with cricopharyngeal achalasia may be enough to 
elevate this resting pressure, which is not a reli-
able predictor of impaired deglutitive UES 
relaxation. 

 A more fundamental dif fi culty for intralumi-
nal manometry is that the pressure recorded does 
not always re fl ect the state of contraction of the 
adjacent musculature. Intraluminal manometric 
evaluation of UES function may also infer the 
presence of abnormal UES relaxation errone-
ously. There are two situations where this may 
occur. First, even when the CP muscle are para-
lyzed, a manometric sensor (depending upon its 
size and con fi guration) may detect an intralumi-
nal pressure of up to 25 mmHg, resulting from 
passive stretch of the muscle by the manometric 
probe  [  6  ] . Further fall from this pressure during 
deglutition depends upon the anterior traction 
forces acting upon the CP. Loss of these traction 
forces could result in elevated deglutitive residual 
pressures in the UES that are misinterpreted as 
demonstrating abnormal UES relaxation. 

 Second, the period of deglutitive UES 
 relaxation overlaps the interval of pharyngoe-
sophageal segment opening and bolus  fl ow into 
the esophagus. Hence, during this period, an 
intraluminal manometer is usually recording an 
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intrabolus pressure. This intrabolus pressure does 
not directly re fl ect the contractile state of muscu-
lature in the adjacent wall. Normally, this intra-
bolus pressure is relatively low and the 
manometric signal indicates complete UES relax-
ation. However, if there is impediment to normal 
bolus  fl ow, there will be an elevation of intrabolus 
pressure, which will give the manometric appear-
ance of impaired UES relaxation. While abnor-
mal UES relaxation can be a mechanism for 
abnormally elevated intrabolus pressure, several 
other processes can cause this also. These include 
constriction of the lumen through which the bolus 
must pass (such as reduced distensibility of the 
CP or a proximal cervical esophageal web) and 
elevation of downstream intraluminal pressures 
in the esophagus (as occurs frequently with 
esophageal achalasia). 

 Finally, commercially available manometric 
probes at this time are laterally indiscriminate. 
Thus, they are unable to demonstrate that in some 
patients UES dysfunction is unilateral. 

 As is the case with smaller caliber endoscopes, 
advancement of the manometric catheter across 
the UES may be dif fi cult with ongoing degluti-
tion. Availability of, and experience with, mano-
metric recording equipment that meets 
requirements for reliable assessment of UES 
sphincter function is largely limited to tertiary 
referral centers. Because manometry cannot 
assess for the presence of many other conditions 
that can cause symptoms similar to those of cri-
copharyngeal achalasia, it is never by itself 
suf fi cient for clinical evaluation. Manometry is 
better employed to con fi rm that suggestive 
 fi ndings on video fl uoroscopy do indeed result 
from cricopharyngeal achalasia and not from 
another disorder.  

   Electromyography 

 Electromyography (EMG) of the CP muscle can 
detect loss of the normal inhibition of electrical 
activity with deglutition. When combined with 
concurrent EMG of the inferior constrictor mus-
cles, it is possible to assess the appropriate coor-
dination of CP inhibition with pharyngeal 

activation. Use of concentric needle EMG record-
ings also allows the ability to detect neuropathic 
and myopathic changes in the muscle, including 
evidence for ongoing denervation  [  7  ] . EMG 
recordings also allow detection of unilateral cri-
copharyngeal abnormalities. Of course, this 
means that EMG recordings need to be performed 
bilaterally to avoid missing a unilateral abnor-
mality, unless other clinical information supports 
a unilateral disorder beforehand. 

 A potential limitation of EMG recordings from 
the cricopharyngeus muscle is the orad movement 
of the muscle during deglutition by as much as 
2 cm. Unless the electrode is inserted in such a 
way that it can travel within the muscle during this 
excursion, the period of electric silence that is 
observed will simply re fl ect temporary displace-
ment of the electrode from the muscle, analogous 
to displacement of point sensors on manometric 
probes. This dif fi culty is not well addressed in the 
EMG literature in terms of recognition of the 
problem or methods to detect this problem. 

 EMG recordings are most helpful when 
video fl uoroscopy suggests the possibility of cri-
copharyngeal achalasia, and subsequent 
manometric assessment is either unavailable or 
non-diagnostic. When prior studies have made 
the diagnosis of cricopharyngeal achalasia fairly 
certain, EMG may have additional value in 
detecting associated myopathy, myotonia, or 
neuropathy. Most neurologists do not have exper-
tise in cricopharyngeal EMG recordings, and 
availability of this technique currently is con fi ned 
to a few tertiary referral centers.  

   Therapy 

 Optimal treatment of cricopharyngeal achalasia 
remains uncertain. First, it is often unclear 
whether the treatments described in the literature 
were applied to true cases of cricopharyngeal 
achalasia. Second, published studies of treatment 
are mostly anecdotal and of limited case series at 
best. There are no randomized, placebo-con-
trolled trials or even trials comparing one treat-
ment modality to another. Follow-up data are 
extremely limited. 
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 Dietary modi fi cations are a reasonable  fi rst-
line approach, especially if bothersome symp-
toms are provoked by a limited range of foods. 
These should simply be avoided or their consis-
tency modi fi ed. Similarly, many troublesome 
pills may be crushed or switched to a liquid for-
mulation. For patients with predominant solid 
food and pill dysphagia, liberal use of liquid 
washes may provide an afferent sensory stimula-
tion that drives the swallow central pattern gen-
erator toward more normal function. 

 Swallow therapy exercises are appealing 
because of their safety and low cost. None of these 
have been evaluated speci fi cally in cricopharyn-
geal achalasia. Head-raising exercises, such as the 
Shaker exercise  [  8  ] , have been shown to increase 
pharyngoesophageal segment opening in patients 
with a wide variety of underlying etiologies for 
dysphagia. However, the technique has not been 
evaluated in patients with a speci fi c diagnosis of 
cricopharyngeal achalasia. Theoretically, improved 
thyrohyoid activation as a consequence of this 
therapy  [  9  ]  might allow traction forces to help 
overcome the non-relaxing UES. 

 Dilation of the CP muscle via tapered bougies 
or catheter-attached balloons has been reported 
to be of bene fi t in patients with cricopharyngeal 
dysfunction in all age groups. Objective 
responses to such therapy have not been reported 
consistently, but improved pharyngoesophageal 
segment opening has been reported on 
video fl uoroscopy, as have reductions in basal 
UES pressure  [  10  ] . In adults, dilation diameters 
of 16–20 mm are usually employed. The bene fi ts, 
in terms of symptomatic response, are usually 
immediate, although not every patient responds, 
and some require repeat dilations at varying 
intervals. Factors predicting response to therapy 
have not been reported. Potential risks of this 
approach include perforation and hemorrhage in 
the pharynx or esophagus, if introduction of the 
dilator or its introducer is into an unrecognized 
diverticulum or tight stricture. These risks can 
be minimized by appropriate video fl uoroscopic 
and/or endoscopic pre-dilation assessment of 
anatomy, as well as the use of these modalities to 
guide dilator passage in select cases. An addi-
tional bene fi t of dilation therapy is that it allows 

concomitant dilation of hitherto unsuspected 
subtle stenoses or webs in the pharyngoesopha-
geal segment. 

 Botulinum toxin has also been used to treat 
cricopharyngeal achalasia. Injections can be via 
operative rigid laryngoscopy,  fl exible upper 
endoscopy, or percutaneous EMG-guided nee-
dles. Injections are usually bilateral, unless there 
is a priori knowledge that a unilateral disorder is 
present. The dose has not been standardized, and 
no dose–response studies have been performed. 
Larger doses have been used in adults than in 
infants. Potency differs among different manu-
facturers, so that lower doses are used with Botox 
(2.5–100 units; Allergan, Irvine, California) than 
with Dysport (60–300 units; Ipsen, Paris France) 
 [  11  ] . Onset of subjective bene fi t is usually by day 
7, with duration of bene fi t usually in the range of 
3–4 months. Treatments can be repeated. There 
are no high-quality data supporting objecting 
bene fi cial changes in either deglutitive inhibitory 
pressures on manometry or electrical quiescence 
on EMG. Use of botulinum toxin response to pre-
dict subsequent response to cricopharyngeal 
myotomy remains controversial. The prevailing 
experience is that botulinum toxin has better 
symptomatic response when cricopharyngeal 
dysfunction occurs in the absence of other 
disturbances in the swallowing mechanism. 
Complication rates are low, but there is the risk 
for spread of the toxin to the muscles of the lar-
ynx and pharynx, particularly with large doses. 
The result could be paradoxical worsening of 
dysphagia or airway compromise. 

 Cricopharyngeal myotomy can be performed 
via either a trans-cervical or endoscopic approach. 
The risk for complications is higher than with 
previously described therapies, and includes 
hematomas, abscesses,  fi stula, nerve injury, and 
pneumonia. Depending upon the patient group 
treated, the overall complication rate may be as 
high as 10 %. Complete ablation of the UES 
might seem to predispose patients with signi fi cant 
re fl ux disease to esophagopharyngeal re fl ux and 
aspiration. A small study that included  fi ve 
patients with documented re fl ux disease showed 
no increase in postoperative episodes of acid 
regurgitation into the pharynx  [  12  ] . However, 
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such events were rare preoperatively in this 
group, and only a 24 h period was studied. It is 
also unclear if any of these patients were obese, a 
factor for increasing proximal extent of acid 
re fl ux. On the other hand, most studies indicate 
that myotomy does not completely abolish the 
UES resting tone recorded on manometry  [  13  ] . 
Outcomes of cricopharyngeal myotomy tend to 
be poor when signi fi cant pharyngeal weakness is 
also present.   

   Cricopharyngismus 

 The normal response of the UES to gastroesopha-
geal re fl ux of air is a relaxation, which serves to 
allow venting of air from the upper digestive 
tract. This “belch re fl ex” can also be triggered by 
abrupt distension of the esophageal lumen with 
air  [  14  ] . The duration of this UES relaxation is 
longer than that observed during deglutition. In 
part, this may be because action of the thyrohyoid 
muscle serves to pull the UES open during belch-
ing  [  15  ] . Because the CP muscle receive higher 
cortical input, these stereotypic motor responses 
can be modi fi ed. For example, some subjects 
exhibit occasional “anticipatory” UES relax-
ations that precede the actual re fl ux of air into the 
esophagus  [  16  ] . Indeed, when healthy volunteers 
are asked to refrain from belching during esopha-
geal air distension, they can change the UES 
relaxation response to one of UES contraction 
and avoid air venting  [  17  ] . In a few subjects 
examined with concurrent manometry and 
video fl uoroscopy, this author has observed that 
during such belch blockade the normal anterior 
excursion of the hyoid is also inhibited. 

 I have coined the term “cricopharyngismus” 
for this altered UES response to esophageal air 
distension. This is analogous to the term anismus, 
which is used to denote the inappropriate con-
traction of the anal sphincter during defecation in 
patients with outlet obstruction constipation. All 
studies of this phenomenon have been with 
manometry, rather than direct EMG recordings 
from the CP muscle. Deglutitive UES relaxation 
is in the majority reported cases completely 

normal. Cricopharyngismus might be of utility in 
situations where the sound of eructation might 
cause social embarrassment. However, there are 
two rare situations in which this motor response 
is associated with troublesome and potentially 
life-threatening consequences. 

 Patients with achalasia of the lower esophageal 
sphincter have been found to have an abnormality 
of the UES relaxation response to esophageal air 
distension  [  18  ] . This is either a failure to relax or 
a paradoxical contraction of the UES, at stimulus 
volumes that are perceived as a need to belch by 
the patients. Achalasia patients commonly have 
retained  fl uid in the esophagus, and disordered 
contractions in the esophageal body could lead to 
regurgitation of this  fl uid into the hypopharynx if 
the UES does not contract. In fact, the UES has 
been shown to exhibit repetitive contractions in 
response to repetitive pressure increases in the 
esophageal body in achalasia patients  [  19  ] . 
Presumably, an inability to discern whether a 
pressure increase is going to result in liquid re fl ux 
or gas eructation has lead most achalasia patients 
subconsciously to modify their UES belch re fl ux, 
although this is by no means certain. 

 The problem with this modi fi cation for acha-
lasia patients is that rarely it can contribute to 
acute airway obstruction. In such cases, air swal-
lowing without eructation leads to tense disten-
sion of the esophageal lumen. This can lead to 
tracheal compression. In some cases, the dilated 
esophageal lumen dissects into a space behind 
and above the CP, compressing and displacing 
the larynx anteriorly. Patients present with rap-
idly progressive respiratory distress, stridor, and 
respiratory arrest. Examination frequently shows 
a tense mass in the neck from the distended 
esophagus. Emergency endotracheal intubation 
may be necessary. Intubating the esophagus usu-
ally results in a massive gush of air and  fl uid, 
with resolution of the respiratory distress. When 
it has been evaluated, the UES belch re fl ex in 
achalasia patients with such airway obstruction 
has been abnormal  [  20–  22  ] . 

 A less dramatic, but still troublesome, mani-
festation of cricopharyngismus is chest pain. In 
this situation, air re fl uxed up from the stomach 
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rises to the upper esophagus and becomes trapped 
when the UES does not relax. The resulting 
esophageal distension results in chest pain severe 
enough to affect quality of life  [  23  ] . There may 
be an additional component of visceral hypersen-
sitivity, as patients with noncardiac chest pain 
and an impaired UES relaxation response to air 
distension are more likely to have their chest pain 
provoked by esophageal balloon distension  [  24  ] . 
At least one patient with inability to belch but 
without associated chest pain has been reported 
 [  25  ] . The rare cases reported with this condition 
have related long-standing inability to belch. 

 A presumptive diagnosis of the condition can 
be made on video fl uoroscopy following inges-
tion of gas-forming solutions. Air can be observed 
to re fl ux into the upper esophagus and remain 
there, until cleared by primary or secondary peri-
stalsis (often to immediately re fl ux again). This 
gaseous distension reproduces the typical symp-
toms. De fi nitive diagnosis is demonstrated by 
manometry of the UES, showing impaired relax-
ation of the UES to esophageal air distension, 
which reproduces the typical pain. Treatment is 
problematic at this time. Passage of a nasoesoph-
ageal tube can vent the trapped gas and relieve 
the pain acutely, but this is an unacceptable 
chronic solution for patients. Helpful dietary and 
lifestyle modi fi cations include avoidance of car-
bonated beverages and assuming a recumbent 
position in the immediate postprandial period (to 
decrease the frequency of the transient lower 
esophageal sphincter relaxations responsible for 
most gastroesophageal gas re fl ux).  

   Cricopharyngeal Hypertonicity 

 Essentially all of the data on purported CP  muscle 
hypertonicity have been based on the  fi nding of 
elevated UES pressures on manometry; there are 
no studies describing abnormal resting EMG 
activation. What constitutes abnormal elevation 
in UES pressure remains controversial because of 
a lack of standardization in recording technique 
and variations in normal values across the age 

spectrum. Moreover, the normal vigorous 
 contractile responses of the CP muscle to multi-
ple different stimuli and changes in cognitive/
emotional states require careful control for the 
presence of these factors before one can conclude 
that any elevated UES pressure recording re fl ects 
the true “resting state” of muscle activity. 

 Despite the above caveats, some patients 
undergoing manometric evaluation of cervical 
symptoms truly seem to have striking elevations 
of inter-deglutitive UES pressure above the norm. 
In addition to elevations in the “resting” state, 
exaggerated responses to changes in intraluminal 
esophageal pressure can be seen (Fig.  37.3a, b ). 
Deglutitive relaxation can be completely normal. 
The etiology of these elevated pressures remains 
largely obscure. In this author’s experience, a few 
subjects undergoing EMG evaluation have had 
evidence for myotonia or myopathy. Whether 
hypertonicity could also re fl ect a response to 
active in fl ammation or a form of upper motor 
neuron syndrome of the CP muscle remains 
unknown.  

 There is no consistent set of symptoms or 
 fi ndings that indicate the presence of CP muscle 
hypertonicity. Some studies in patients with glo-
bus sensation have found that a portion of these 
exhibit either an increased resting UES tone 
 [  26  ] , or an exaggerated UES phasic response to 
respiration  [  27  ] . Patients with globus sensation 
elevate their basal UES pressure in response to 
acute stress, but no more so than do normal sub-
jects  [  28  ] . Such elevation does not reproduce the 
globus symptom. Again, deglutitive relaxation 
of the UES has appeared normal. It is possible 
that the elevated cricopharyngeal tone in some 
patients with globus simply represents a marker 
for the presence of another neuropathic disorder, 
rather than a causative feature of the symptom. 
While some studies have suggested that cri-
copharyngeal hypertonicity can cause dysphagia, 
these have either assumed the presence of hyper-
tonicity based on video fl uoroscopic  fi ndings 
and/or have not reliably excluded abnormal 
deglutitive relaxation as the actual cause for the 
dysphagia.      
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  Fig. 37.3    ( a ) Contour plot from a solid-state high- 
resolution manometry study in a patient with a hypertonic 
upper esophageal sphincter (UES). Baseline upper esoph-
ageal sphincter (UES) pressure exceeds 150 mmHg, but 
during a tertiary contraction in the esophageal body, pres-
sures increase to over 500 mmHg (*). Deglutitive UES 

relaxations appear normal. The spontaneous dry swallows 
observed do not trigger a peristaltic wave in the esopha-
geal body. ( b ) Same patient as in  a , although patient is 
recumbent. UES shows striking (up to 300 mmHg) 
 pressure elevations with inspiration (*)         
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  Abstract 

 The upper esophageal sphincter (UES) is composed of the cricopharyngeus 
(CP), the inferior pharyngeal constrictor (IPC), and the most proximal seg-
ment of the esophagus and maintains a high pressure zone between pharynx 
and esophagus. UES opening mechanism during deglutition is multifacto-
rial and includes the combination of neural relaxation of tonically contracted 
crycopharyngeus muscle, traction forces imparted by the suprahyoid (SH) 
UES opening muscles, intrabolus pressure generated by the oncoming bolus, 
and distensibility of the UES musculature  [  1,   2  ] . Each of the aforementioned 
factors involved in UES opening can potentially be modi fi ed to compensate 
for de fi ciency of others in a compensated state allowing complete pharyn-
geal clearance; failing to do so results in an uncompensated state, dimin-
ished deglutitive UES opening resulting in incomplete pharyngeal clearance, 
and postdeglutitive residue and potentially postdeglutitive aspiration. 

 While the end result of this complex mechanism namely UES opening 
in health and disease has been extensively studied, the relative contribu-
tion of each of the components of this mechanism has received less and 
variable attention. Abnormal UES opening can be classi fi ed as  primary , 
namely those due to (1) lack of neural relaxation and (2) abnormal UES 
distensibility, or it can be  secondary  namely due to inadequate traction 
forces imparted on the sphincter by the contraction of SH muscles. This 
chapter focuses on the latter topic.  
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   Anatomy and Physiology of UES 
Opening Muscles 

 Contribution of the hyoid superior and anterior 
movement to the opening of UES has been long 
recognized  [  1–  3  ] . Signi fi cance of this recogni-
tion is in the implied role of the SH muscles in 
the opening of the UES. These UES opening 
muscles include those located superior and infe-
rior to the hyoid bone. The superior hyoid group 
includes the geniohyoideus, mylohyoideus, sty-
lohyoideus, hyogolossus, and anterior belly of 
the digastricus. As indicated by their name, the 
superior or SH muscles originate in locations 
superior to the hyoid bone and insert to its 
 superior aspect  [  4  ] . As these muscles contract, 
the hyoid bone moves superiorly and anteriorly 
 [  1–  3  ] . The anterior digastric and geniohyoid 
muscles are innervated by cranial nerves V and 
XII, while the posterior digastric and stylohyoid 
muscles are innervated by cranial nerve VII. The 
muscles inferior to the hyoid include the thy-
rohyoideus, sternohyoideus, sternothyroideus, 
and omohyoideus. The thyrohyoideus originates 
at the thyroid cartilage, the strenohyoideus origi-
nates from the clavicle and manubrium, the ster-
nothyroideus originates from the manubrium and 
upper vertebrae, and the omohyoideus from the 
scapula. All of these muscles insert at the inferior 
portion of the hyoid bone  [  4  ] . As the inferior 
muscles contract they pull the hyoid bone and 
thyroid cartilage inferior and anterior. The action 
of these muscles located anterior to the UES is 
primarily to move the hyoid bone. The thyrohyoi-
deus muscle forms the connection between the 
hyoid and larynx. As the anterior muscles simul-
taneously contract, the result is movement or 
excursion of the hyoid bone and larynx in the 
anterior plane. 

 Another muscle contributing to deglutitive UES 
opening is the thyrohyoid muscle. By contracting 
during swallowing, it locks the thyroid and hyoid 
together allowing transfer of force induced by con-
traction of SH muscles to the cricoid cartilage and 
CP muscle  [  5  ] . Studies have shown that thyrohyoid 
shortening can be augmented by strengthening the 
thyrohyoid muscles using rehabilitative exercises 
such as the Shaker Exercise  [  6  ] . 

 The relative contribution of these muscles to 
UES opening during deglutition varies and has 
not been systematically studied. However it has 
been shown that SH muscle contraction is 
modi fi ed by oropharyngeal sensory signals 
induced by the volume of the swallowed bolus. 
This modi fi cation is evidenced by direct relation-
ship of the extent of hyoid excursion with the vol-
ume of swallowed bolus  [  2,   3  ] . 

 The SH and infrahyoid (IH) muscles are 
recruited differently during various functions 
involving the UES  [  7  ] . For example, concurrent 
video fl uoroscopic and manometric studies have 
shown that the hyoid bone exhibits a characteris-
tic movement pattern during belching that is dif-
ferent from its movement during swallowing  [  8  ] . 
The hyoid bone moves clockwise on an anteri-
orly oriented elongated loop during belching. 
The longer axis of the loop ranges between 0.3 
and 0.8 cm, and its short axis ranges between 
0.05 and 0.1 cm. The excursion loop oriented 
only anteriorly in the majority of study subjects 
(Fig.  38.1a ). The duration of hyoid bone movement 
during a belch averaged 1.2 ± 0.12 s  [  3  ] . The 
movement duration was signi fi cantly shorter than 
the duration of hyoid bone movement (2.1 + 0.08 s) 
during swallowing ( P  < 0.01). The distinctly dif-
ferent excursion pattern of the hyoid bone sug-
gests that muscles from both the SH and IH 
muscle groups are involved in the belch re fl ex, 
and the direction of the hyoid bone movement is 

  Keywords 

 Secondary dysfunction  •  UES opening  •  Muscle dysfunction  •  Diminished 
UES deglutitive opening diameter  •  Weakened suprahyoid muscles  •  UES 
traction forces      
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determined by the  fi nal vector of force that results 
from the summation of the opposing forces of 
these contracting muscle groups during belching. 
In contrast, the hyoid bone movement pattern 
during swallowing is directed superiorly and 
anteriorly and follows an alpha-shaped, counter-
clockwise loop (Fig.  38.1b ). Anterior excursion 
of hyoid bone during swallowing averaged 
1.8 ± 0.9 cm and was signi fi cantly more than its 
excursion of 0.78 ± 0.1 cm during belching  [  8  ] .  

 These  fi ndings indicate the pivotal role of 
the SH and IH muscles in UES opening other 
than during swallowing. They also indicate a 
modi fi cation of the contraction duration, magnitude, 

and involvement for different members of a given 
muscle group depending on the speci fi c function 
and related sensory input (Fig.  38.2 ). The sum 
force vector of SH and IH muscle contractions 
in fl uences the shape, duration, and magnitude of 
UES opening. As seen in Fig.  38.1 , UES opening 
occurs at the apogee of hyoid excursion. There is 
also a direct relationship between the magnitude 
of anterior excursion of the hyolaryngeal com-
plex and UES opening  [  2,   3  ] .  

 The stylopharyngeus, palatopharyngeus, 
pterygopharyngeus, and other superiorly and 
posteriorly located pharyngeal muscles make up 
the posterior UES opening muscles. The actions 
of these posterior muscles are to elevate and sta-
bilize the posterior wall of the pharynx  [  4  ] .  

   UES Relaxation Versus Opening 

 As stated earlier, successful deglutitive UES 
opening that results in ef fi cient bolus transport 
from the pharynx through the UES and into the 

  Fig. 38.1    Direction and orbit of hyoid bone movement 
during belching ( a ) and swallowing ( b ).  Open circles  indi-
cate UES opening observed by video fl uoroscopy (note 
difference in scales). Although hyoid bone movement 
during swallowing was invariably upward-forward and 
counterclockwise, its movement during belching was 
mainly anterior and clockwise. Magnitude of hyoid bone 
movement during belching was signi fi cantly less than its 
movement during swallowing ( P  < 0.01). From Shaker et 
al. Am J Physiol 1992;262:G621–8 with permission       

  Fig. 38.2    Comparison of UES opening during belching 
and swallowing. ( a ) Endoscopic view of glottis and hypo-
pharynx at rest. Area of UES opening is shown by arrow; 
( b ) oval/round UES opening during swallowing; ( c ) slit-
like UES opening during belching; ( d ) triangular UES 
opening during belching. Although shape of UES opening 
during belching could vary between slit-like and triangular, 
its shape during swallowing was oval/round. From Shaker 
et al. Am J Physiol 1992;262:G621–8 with permission       
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esophagus is dependent upon the following four 
conditions: (a) relaxation of the tonically con-
tracted UES; (b) distraction of the sphincter as a 
result of the external traction forces generated by 
supra-hyoid muscles. This external traction 
results in anterior hyolaryngeal excursion and by 
virtue of anatomical attachment induces UES 
opening in anteroposterior plane during swallow-
ing; (c) the distensibility namely the muscle 
property that allows the UES to stretch and 
accommodate the bolus passage; and (d) the dis-
tending effect of oncoming bolus and its intra-
bolus pressure. 

 During swallowing, relaxation of the UES 
takes place prior to the clinician’s visual recogni-
tion or the radiographic documentation of the 
deglutitive opening of the sphincter (Fig.  38.3 ). 
Sphincter relaxation occurs during superior laryn-
geal excursion and occurs before opening by an 
average of 0.1 s. A precipitous drop in UES tone 
can be appreciated as a decrease in manometri-
cally measured luminal pressure prior to the arrival 
of the bolus at the sphincteric segment  [  2,   5,   9  ] .  

 Finally, intrabolus pressure namely the 
 pressure within the  fl uid bolus also contributes to 
the UES opening. Intrabolus pressure can be 

  Fig. 38.3    Concurrent manometric and video fl uoroscopic 
recording during a 5 mL barium swallow manometric 
relaxation is seen as a precipitous drop in pressure demon-
strated in the manometric recording on the  right . Still 
frames from concurrent  fl uoroscopic recording are shown 
on the  left . Manometric recording catheter with recording 
sites at 1.5 cm intervals is visible in the pharynx, across 

the UES, and esophagus. As seen the drop in UES pres-
sure precedes the opening of the sphincter manifested by 
 fl ow of the barium bolus through the UES. While relax-
ation of the UES is a neural phenomenon, its opening is 
due to traction forces imparted on the sphincter by con-
traction of suprahyoid muscles       
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measured by a manometric catheter as the bolus 
covers the pressure sensor. As the bolus traverses 
the UES, intrabolus pressure is a measure of the 
force required to push the  fl uid bolus through the 
open sphincter and re fl ects the resistance to trans-
sphincteric  fl ow  [  2,   5,   9  ] .  

   Diminished UES Deglutitive Opening 
Diameter in Healthy Elderly Adults: 
Weakened SH Muscles or UES 
Traction Forces 

 Until recently, diminished hyolaryngeal excur-
sion associated with decreased UES opening was 
mostly considered a consequence of neurologic 
abnormalities. Combination of advancing age and 
decreased physical activity can result in weaken-
ing of striated muscles. Exercise, speci fi cally, iso-
metric and isokinetic exercise have been shown to 
reverse sarcopenic changes in striated muscles of 
the limbs in the elderly. With regular exercise, 
physiologic change occurs including muscle 
hypertrophy, an increase in myo fi brils and myo-
sin concentration as well as changes in capillary 
density and an increase in connective tissue. The 
bene fi t of strengthening exercise is appreciated as 
cellular changes, which are then re fl ected in func-
tional increase in muscular power and strength. 
Exercising the muscles of swallowing, speci fi cally 
the SH muscles, is reasonable as they are striated 
muscles and will bene fi t from strengthening exer-
cise. Improved strengthening of this muscle group 
will result in improved traction force and thus 
improved deglutitive function. This is the basis 
for the Shaker Exercise. 

 Alterations in the deglutitive UES opening 
can occur as an effect of aging  [  10  ] . If alterations 
or changes occur in deglutitive UES opening 
mechanisms, deglutitive failure or disorders may 
occur. The traction force although an important 
opening mechanism, the other three elements 
described above are primary to the intrinsic qual-
ities of the muscles that make up the sphincter. 
The traction or distraction forces are important 
opening mechanisms but are described as sec-
ondary because they are extra-sphincteric, that is 
beyond the direct muscular or neural properties 

of the sphincter yet as important to the success or 
failure of the UES in deglutitive function. 

 Shaw and colleagues found that deglutitive 
UES compliance diminished with healthy aging 
resulting in increased intrabolus pressure and 
resistance to  fl ow through the sphincter  [  11  ] . 
Disruption or weakening of the SH muscles or 
traction forces was thought to be the contributing 
cause of signi fi cantly decreased anteroposterior 
deglutitive UES opening diameter in healthy older 
adults compared to young adults  [  7,   10  ] . In a pla-
cebo-controlled study the effect of performance 
of a head lift exercise, also known as the Shaker 
Exercise, for 6 weeks was found to increase ante-
rior deglutitive hyoid and laryngeal excursion, 
resulting in signi fi cantly increased anteroposte-
rior deglutitive UES opening diameter in healthy 
older adults compared to young adults  [  7  ] . 

 It was hypothesized that the Shaker Exercise 
could be rehabilitative in those dysphagic patients 
with secondary UES failure from weakened SH 
muscles contributing to diminished traction 
forces as identi fi ed through video fl uoroscopic 
evaluation and characterized by diminished 
anteroposterior deglutitive UES opening diame-
ter, postdeglutitive residuals, and postdeglutitive 
aspiration. The initial study found improved ante-
rior hyolaryngeal excursion, decreased incidence 
of aspiration, and increased anteroposterior UES 
opening diameter after completion of 6 weeks of 
Shaker Exercise in a small group of patients with 
abnormal UES opening, postdeglutitive aspira-
tion, and dependent on nonoral nutritional sup-
port  [  12  ] . Thus strengthening of the SH muscles 
was thought to diminish the incidence of postde-
glutitive aspiration and postdeglutitive residual 
and improve anteroposterior deglutitive UES 
opening diameter. 

 Although the effectiveness of the Shaker 
Exercise in increasing UES opening during swal-
lowing was demonstrated through manometric 
and video fl uoroscopic studies in healthy elderly 
and a group of dysphagic patients, the muscle 
group strengthened by the exercise had not been 
con fi rmed. The preliminary studies, utilizing sur-
face electromyography (sEMG) to evaluate the 
speci fi c muscles strengthened by exercise, used 
spectral analysis to measure muscle fatigue of the 
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UES opening muscles  [  13–  15  ] . A study by 
Ferdjallah and colleagues evaluated and quanti fi ed 
the sEMG activities from the SH, IH, and sterno-
cleidomastoid (SCM) muscle groups in healthy 
adult controls during the isometric portion of the 
Shaker Exercise. The results of the spectral anal-
ysis showed that all three muscle groups showed 
fatigue from the 60 s isometric portion of the 
exercise indicating muscle strengthening. The 
SCM showed a higher rate of fatigue than the SH 
or IH muscle groups, indicating that the SCM 
may limit exercise as the appreciation of fatigue 
in the SCM prior to elicitation of fatigue and thus 
strengthening in the target SH group  [  16  ] .  

   Diminished UES Deglutitive Opening 
Diameter in Dysphagic Patients: 
Weakened SH Muscles or UES 
Traction Forces 

 Volitional augmentation of UES opening has 
been described using the Mendelsohn Manuever, 
a maneuver requiring purposeful prolongation of 
the superior and anterior displacement of the lar-
ynx at midswallow. This purposeful prolongation 
results in increased duration of the anterior– 
superior hyolaryngeal excursion and thus mainte-
nance of the applied traction forces. The 
prolongation of traction force to UES function 
allows for prolonged duration and extent of UES 
deglutitive opening  [  17  ] . The SH muscle strength-
ening effect of this exercise or maneuver has not 
been systematically studied or veri fi ed. 

 The Shaker Exercise, a 6-week isometric and 
isokinetic regimen, has been shown to strengthen 
the SH and the thyrohyoid muscles resulting in a 
signi fi cant increase in deglutitive anterior laryn-
geal excursion and anteroposterior deglutitive 
UES opening diameter in healthy older adults 
while decreasing the incidence of postdeglutitive 
aspiration and pharyngeal residual in patients 
with secondary UES failure due to decreased 
traction force. The patients included in the stud-
ies were able to discontinue feeding tube use after 
completion of the strengthening exercise  [  18  ] . 

 Currently the Shaker Exercise and other reha-
bilitative exercises are used clinically to rehabili-

tate the secondary causes of abnormal UES 
opening, that is, dysfunction of SH UES opening 
muscles.      
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  Abstract 

 Achalasia and ineffective esophageal motility (IEM) represent the extreme 
ends of the spectrum of esophageal motility disorders. Achalasia is char-
acterized by aperistalsis in the body of the esophagus and failure of LES 
relaxation. Patients present with dysphagia for solids and liquids, bland 
regurgitation, chest pain, and weight loss. The diagnosis is suggested by 
the barium esophagram and con fi rmed by manometry. The goal of therapy 
is to (1) relieve symptoms, (2) improve esophageal emptying by disrupting 
the poorly relaxing LES, and (3) prevent the development of megaesopha-
gus. Surgical myotomy and pneumatic dilation are the most effective treat-
ments for disrupting the LES gradient. Botulinum toxin and calcium 
channel blockers may be useful therapies in older patients or those with 
severe co-morbid illnesses. Ineffective esophageal peristalsis is character-
ized by the presence of distal esophageal contractions of very low ampli-
tude (<30 mmHg) and/or non-transmitted contractions. It is the most 
common motility disorder in GERD patients, probably due to impaired 
cholinergic stimulation along the esophageal body. The diagnosis is best 
made with esophageal manometry combined with impedance testing to 
con fi rm poor bolus transit. Once established, IEM is not improved by acid-
suppressive medications, most prokinetic drugs, or anti-re fl ux surgery.  

  Keywords 

 Achalasia  •  Pneumatic dilation  •  Surgical myotomy  •  Botulinum toxin  
•  Calcium channel blockers  •  Impedance testing  •  Ineffective esophageal 
peristalsis      

R. Shaker et al. (eds.), Principles of Deglutition: A Multidisciplinary Text for Swallowing and its Disorders, 
DOI 10.1007/978-1-4614-3794-9_39, © Springer Science+Business Media New York 2013



540 J.E. Richter

 Achalasia is the most recognized motor disorder 
of the esophagus, and is the only primary motility 
disorder with an established pathophysiology. 
The term means “failure to relax,” and describes 
the primary predominant feature of this disorder, 
a poorly relaxing lower esophageal sphincter 
(LES) seen in association with aperistalsis of the 
esophageal body. The  fi rst case of achalasia was 
reported more than 300 years ago by Thomas 
Willis; where the patient’s cardiospasm responded 
to dilation with a whalebone  [  1  ] . 

   Epidemiology and Pathophysiology 

 Achalasia occurs with equal frequency in men 
and women. There is no racial predilection. Case 
studies show an age distribution between birth 
and the ninth decade, with the peak incidence 
between 30 and 60 years of age. In children, it 
can be part of the Triple A syndrome, character-
ized by achalasia, alacrima, and adrenocortico-
tropic hormone-resistant adrenal insuf fi ciency. 
Achalasia is an uncommon disease, but occurs 
frequently enough to be encountered at least 
yearly by most gastroenterologists. Esophageal 
specialists, both gastroenterologists and surgeons, 
may see ten or more cases a year  [  2  ] . The disease 
prevalence is approximately ten cases per 100,000 
population. Its incidence has been fairly stable 
over the last 50 years at approximately 0.5 cases 
per 100,000 population per year. The overall life 
expectancy of patients with achalasia does not 
differ from those of the general population  [  3  ] . 

 The histologic abnormalities in patients with 
achalasia have been well described at autopsy or 
from myotomy specimens  [  4,   5  ] . The primary 
region of damage is the esophageal myenteric 
(Auerbach’s) plexus, and includes prominent but 
patchy in fl ammatory response, consisting of pre-
dominantly CD3- and CD8-positive cytotoxic T 
lymphocytes, variable numbers of eosinophils 
and mast cells, loss of ganglion cells, and some 
degree of myenteric neuro fi brosis. Early disease 
has more of an in fl ammatory component, with 
some of the ganglion cells appearing to be intact, 
while end-stage disease is associated with com-
plete loss of ganglion cells and replacement with 

myenteric  fi brosis  [  5  ] . Even during the early 
in fl ammatory stages of achalasia, there is a selec-
tive loss of postganglionic inhibitory neurons 
containing nitric oxide and vasoactive intestinal 
polypeptide. Since postganglionic excitatory 
neurons are spared, cholinergic stimulation con-
tinues unopposed, leading sometimes to high 
resting LES pressure. The loss of inhibitory input 
results in abnormal and usually incomplete LES 
relaxation. This occurs for all stimuli, including 
electrical  fi eld stimulation of muscle strips from 
achalasia patients, intravenous cholecystokinin, 
esophageal distension, and gastric distension fail 
to induce transient LES relaxation in achalasia 
patients  [  6  ] . Aperistalsis is caused by the loss of 
the latency gradient that permits sequential con-
tractions along the esophageal body, a process 
mediated by nitric oxide. 

 Although achalasia is the best characterized of 
the esophageal motility disorders, its pathogene-
sis is still not fully elucidated. Available data sug-
gest that hereditary, degenerative, autoimmune, 
and infectious factors are possible causes—the 
latter two being the most commonly accepted  [  7  ] . 
The presence of cytotoxic T lymphocytes, IgM 
antibodies and evidence of complement activa-
tion and antibodies against myenteric neurons, 
especially in patients with speci fi c HLA geno-
type (DQA1*0103, DQB1*0603 alleles), point 
toward an autoimmune origin of the myenteric 
ganglionitis  [  8  ] . However, some of these antineu-
ronal antibodies may be seen in healthy patients 
and patients with GERD, suggesting they may 
represent an epiphenomenon, and not a causative 
factor  [  9  ] . Although these  fi ndings are all very 
interesting, it still remains obscure why only neu-
rons in the esophagus and LES are destroyed. 
Furthermore, the exact stimulus initiating this 
immune response or the antigen targeted remains 
unidenti fi ed. The fact that achalasia is con fi ned to 
the esophagus and LES has led to the hypotheses 
that neurotropic viruses, especially viruses with 
predilection for squamous epithelium, may be 
involved. However, studies focusing on the pres-
ence of viral antibodies in the serum or viral DNA 
in esophageal tissue show con fl icting results 
 [  10,   11  ] . A recent study provided evidence that 
after HSV-1 infection, the virus persists in the 
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neurons of the esophagus triggering a persistent 
immune-activation, consisting of in fi ltration of 
the ganglia with cytotoxic CD8 + T cells and cir-
culating antineuronal antibodies  [  12  ] .  

   Clinical Presentation 

 The diagnosis of achalasia should be suspected in 
any patients complaining of dysphagia for solids 
and liquids with regurgitation of bland food and 
saliva. The onset of the dysphagia is usually grad-
ual, being described initially as an infrequent 
“fullness in the chest” or “sticking sensation,” but 
usually occurs daily or with every meal by the 
time the patient sees a physician. Initially, the dys-
phagia may be primarily for solids; however, by 
the time of clinical presentation, nearly all com-
plain of dysphagia for solids and liquids while 
eating and drinking, especially cold beverages. 
Various maneuvers, including “power swallows” 
and carbonated beverages, both of which increase 
intraesophageal pressure, may be used to improve 
esophageal emptying. Regurgitation becomes a 
problem with progression of the disease, espe-
cially when the esophagus becomes dilated. 
Regurgitation of bland, undigested retained foods 
or accumulated saliva, sometimes misdiagnosed 
as postnasal phlegm or bronchitis, occur postpran-
dially and at night, often waking the patient from 
sleep because of coughing and choking. Rarely, 
aspiration pneumonia is a problem. Chest pain 
occurs in some patients, primarily at night, and is 
especially seen in patients with milder disease 
when the esophagus is minimally dilated. The 
mechanism of chest pain is unknown, but it is not 
simply repetitive episodes of simultaneous con-
tractions, causing the esophageal lumen to be 
occluded. Whereas pneumatic dilation or surgery 
usually relieves dysphagia and regurgitation, the 
chest pain in achalasia patients responds much 
less predictably. Fortunately, the chest pain seems 
to get better over time, possibly as the esophagus 
dilates  [  13  ] . Heartburn is a frequent complaint in 
achalasia, despite the fact that achalasia is not 
associated with increased episodes of acid re fl ux 
by pH monitoring. The cause of this symptom is 
speculative, but probably related to retention of 

acid beverages such as carbonated or fruit drinks 
and, in some cases, the production of lactic acid 
from retained food in a markedly dilated esopha-
gus. Most achalasia patients have some degree of 
weight loss at presentation; however, the loss is 
usually only 5–20 lbs over months to years.  

   Diagnostic Evaluation 

 When achalasia is suspected, a barium esopha-
gram with  fl uoroscopy is the best initial diagnostic 
test. The esophagus is usually dilated and some-
times tortuous, does not empty, and retained food 
and saliva produces an air– fl uid level at the top of 
the barium column. The distal esophagus is char-
acterized by a smooth tapering from the closed 
LES, resembling a bird’s beak, and sometimes an 
epiphrenic diverticulum is noted (Fig.  39.1 ). 
Fluoroscopy always shows a lack of peristalsis, 
replaced by to-and-fro movement in the supine 
position. We have popularized a modi fi cation of 
the barium esophagram known as the timed bar-
ium swallow  [  14  ] . The test is individualized for 
each patient and primarily assesses esophageal 
emptying of barium in the upright position over 
5 min. Tests can be repeated serially after therapy 
to evaluate esophageal emptying and correlate it 
with the patients’ symptoms (Fig.  39.1 ).  

 Esophageal manometry is required to estab-
lish the diagnosis of achalasia and must be done 
in any patient where invasive treatments such as 
pneumatic dilation or surgical myotomy are 
planned. Because achalasia only involves the 
smooth muscles of the esophagus, the manome-
try abnormalities are con fi ned to the distal two-
thirds of the esophagus. All patients have at least 
two pathognomonic abnormalities: aperistalsis 
and abnormal LES relaxation. The aperistalsis is 
usually characterized by low amplitude, simulta-
neous mirror image (isobaric) waves, due to a 
common cavity phenomenon. Physiologically, 
the low amplitude waves (usually <30 mmHg) 
represent simultaneous  fl uid movement in a 
 fl uid- fi lled dilated esophagus, rather than true 
lumen occluding contractions. When pressure 
waves have a higher amplitude and different 
morphology, indicating active contractions of 
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  Fig. 39.1    Timed barium swallow. Barium is drunk rapidly 
over 1 min and esophageal emptying evaluated in the upright 
position over 5 min. A normal subject has all the barium out 
of the esophagus in 1 min. ( a ) Initial timed barium swallow 
in a 52-year-old woman with achalasia showing moderate 
esophageal dilation, bird-beaking, and essentially no emp-
tying over 5 min. ( b ) Using similar amounts of barium to 

initial study, timed barium swallow was repeated 6 weeks 
after pneumatic dilation with 3.0 cm Rigi fl ex balloon. 
Barium study shows prompt esophageal emptying with 
decrease in esophageal dilation. This striking improvement 
paralleled the total resolution of the symptoms of dysphagia 
and regurgitation. Follow-up symptoms and barium X-rays 
over the last 7 years show the patient is still doing well       
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the  esophageal body, it is called “vigorous” 
achalasia. Abnormal LES relaxation is seen in 
all achalasia patients; about 70–80% have absent 
or incomplete LES relaxation with wet swal-
lows, while the remainder will have complete 
but shortened LES relaxation (<6 s). LES resting 
pressure may be elevated in approximately 50% 
of patients with achalasia. Sometimes, an 
increase in the esophageal baseline greater than 
gastric baseline is seen due to retention of food 
and saliva. 

 The recent introduction of high-resolution 
manometry has greatly helped in making the 
diagnosis of achalasia  [  15,   16  ] . It allows a more 

careful evaluation of LES and esophagogastric 
junction relaxation using the integrated relax-
ation pressure (IRP). As reported by the 
Northwestern group in a series of achalasia 
patients  [  15  ] , the traditional LES nadir pressure 
had a false-negative rate of 48%, while an IRP 
>15 mmHg was seen in all but 3% of achalasia 
patients. The group also described three patterns 
of achalasia: type I (classical achalasia: impaired 
relaxation with esophageal dilation and negligi-
ble esophageal pressurization), type II (pan-
esophageal pressurization), and type III (vigorous 
achalasia with spastic contractions of the distal 
esophageal segment)  [  16  ]  (Fig.  39.2 ).  

  Fig. 39.2    Achalasia subtypes by high-resolution manom-
etry: ( a ) type I (classic achalasia)—there is no signi fi cant 
pressurization within the esophageal body (all dark blue) 
and impaired LES relaxation (IRP = 42 mmHg); ( b ) type 
II (achalasia with compression)—water swallows cause 
rapid pan-esophageal pressurization which may exceed 

LES pressure, causing the esophagus to empty; ( c ) type 
III (spastic achalasia)—although this is also associated 
with rapidly propagated pressurization, the pressuriza-
tion is attributable to an abnormal lumen obliterating 
contraction. From J.E. Pandolfi no et al. Neurogastroenterol 
Motil 2009;21:796–806 with permission       
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 Although most cases are idiopathic, it should 
be noted that Chagasic achalasia and pseudoacha-
lasia may lead to a similar picture. Chagas’ 
 disease is endemic in Central and South America 
as a consequence of an infection with the parasite 
 Trypanosoma cruzi . Ganglion cells are destroyed 
throughout the body, resulting in megaesophagus, 
megaduodenum, megacolon and rectum in addi-
tion to cardiac involvement, the leading cause of 
death in Chagas’ patients  [  18  ] . Approximately 
2–4% of patients suspected with achalasia suffer 
from pseudoachalasia  [  19  ] . In general, patients 
with pseudoachalasia are older and have a shorter 
history of dysphagia and marked weight loss. 
However, this triad tends to have poor speci fi city 
 [  20  ] . The most common cause of pseudoachalasia 
is a malignancy in fi ltrating the gastroesophageal 
junction. Therefore, all patients with suspected 
achalasia need a careful upper endoscopy with 
close examination of the cardia and gastroesopha-
geal junction. If pseudoachalasia is still suspected, 
endoscopic ultrasound with a small 20 mHz probe 
or CT scanning of the chest may be helpful. 

 Although the symptoms of achalasia are rela-
tively classic, and the diagnostic tests, especially 
barium X-rays and manometry, readily available, 
there is still a considerable delay between the onset 
of symptoms and the diagnosis. In one report, 
patients on average reported symptoms of dys-
phagia for approximately 5 years and had seen sev-
eral physicians before the correct diagnosis was 
made. Interestingly, the frequent delay in the 
 diagnosis was not due to an atypical clinical presen-
tation of the disease, but rather to misinterpretation 
of typical  fi ndings by the physician consulted  [  21  ] .  

   Treatment of Achalasia 

 No treatment can restore muscular activity to the 
denervated esophagus in achalasia. Esophageal 
aperistalsis and impaired LES relaxation are 
rarely, if ever, reversed by any mode of therapy. 
Therefore, every treatment for achalasia is 
directed to reducing the pressure gradient across 
the LES with three goals of (1) relieving patients’ 
symptoms, especially dysphagia and bland regur-
gitation; (2) improving esophageal emptying by 

disrupting the poorly relaxing LES; and (3) pre-
venting the development of megaesophagus. 

 The disruption of the LES gradient is best 
accomplished by pneumatic dilation or surgical 
myotomy and, less effectively, by pharmacologic 
agents, such as botulinum toxin or calcium chan-
nel blockers. Symptoms of regurgitation and dys-
phagia are the easiest to treat, but chest pain is 
more unpredictable  [  13  ] . Overall, using single or 
multiple modalities of treatment, over 90% of 
achalasia patients will do well  [  22  ] . However, 
achalasia is never “cured” and touch-up therapies 
after pneumatic dilation or Heller myotomies are 
often needed with higher recurrence rates with 
longer periods of follow-up. Therefore, I recom-
mend that all achalasia patients be followed up 
every 1–2 years by a gastroenterologist or sur-
geon familiar with the disease. In my experience, 
the timed barium swallow is very helpful in fol-
lowing these patients  [  23  ] ; however, my col-
leagues in Europe prefer to do serial measurements 
of LES pressure  [  24,   25  ] .  

   Pneumatic Dilation 

 Pneumatic dilation aims at disrupting the LES by 
forceful dilation using air- fi lled balloons. This 
procedure has become standardized with the 
Microvasive Rigi fl ex balloon system (Boston 
Scienti fi c Corporation, MA, USA). These 
 noncompliant polyethylene balloons are available 
in three diameters (3.0, 3.5, and 4.0 cm), on a 
 fl exible catheter placed over a guidewire at endos-
copy. The catheter within the balloon has 
radiopaque markers, which can help identify its 
location at  fl uoroscopy. Brie fl y, pneumatic dila-
tion is performed at the time of endoscopy, with 
the balloon placed over the guidewire and posi-
tioned across the LES. Position is con fi rmed 
either by  fl uoroscopy or endoscopy. The actual 
balloon distention protocol varies across centers 
(Table  39.1 )  [  26  ] . Generally the balloon is gradu-
ally in fl ated until the waist, caused by the non-
relaxing LES, is  fl attened or effaced. The pressure 
required is usually 7–15 psi of air, held for 
15–60 s. Sometimes multiple balloon distensions 
are done at the same setting. Some investigators 
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only perform one dilation  [  21  ] , but most use a 
graded dilation protocol starting with 3.0 cm, fol-
lowed by 3.5 cm and then 4.0 cm balloon, in sub-
sequent sessions  [  27  ] . A few European centers 
perform serial progressive dilations over several 
days, until the manometrically measured LES 
pressure is below 10–15 mmHg  [  24,   25  ] . In the 
United States, the need for further dilations is 
determined by persistence of symptoms often 
correlated with esophageal emptying studies at 
4- to 6-week intervals after treatment  [  22,   27  ] . 
Pneumatic dilation is now routinely done in out-
patient centers, with the patient being observed 
for up to 6 h, to ensure that no complications have 
occurred. Some perform Gastrogra fi n followed 

by barium swallows to exclude perforations; oth-
ers do not recommend obtaining routine barium 
X-ray  fi lms unless clinically indicated.  

 Table  39.2  summarizes the good-to-excellent 
symptom relief with the Rigi fl ex balloons in 
1,144 patients  [  28  ] . These 24 studies, with an 
average follow-up of 37 months, found that the 
clinical response improves in a graded fashion 
with increasing size of the balloon diameter—
good-to-excellent response in 74%, 86%, and 
90% with the 3.0, 3.5, and 4.0 balloons, respec-
tively. Over a third of achalasia patients treated 
with pneumatic dilation will experience symp-
tom recurrence during a 4- to 6-year period of 
follow-up  [  21,   22,   25,   28  ] . Long-term remission 

   Table 39.1    General techniques for pneumatic dilation using Rigi fl ex balloon  [  26  ]    

  1.  Every patient should be on a liquid diet for several days and fasting at least 12 h before endoscopy. Patients with 
megaesophagus may require esophageal lavage with a large bore tube. 

  2.  Generally done as an outpatient in the morning. This ensures that appropriate X-rays and clinical observation do 
not extend late into the evening, especially if surgical complications should occur. 

  3. Standard conscious sedation and upper endoscopy in the left lateral position. 
  4. Savary guidewire placed in the stomach and Rigi fl ex balloon passed over it. 
  5.  The smallest balloon (3.0 cm) is usually used  fi rst. In patients with prior failed pneumatic dilations, young 

patients or after prior Heller myotomy, beginning with a 3.5 cm balloon may be preferred. 
  6.  Accurate placement of the balloon by  fl uoroscopy with the patient in the supine position. Key is to carefully 

locate the balloon so the waist caused by the non-relaxing LES impinges on the middle portion. This is usually at 
or above the level of the diaphragm. In patients after Heller myotomy, the narrowing may be below the 
diaphragm. 

  7.  Balloon is gradually distended until the waist, caused by the non-relaxing LES is  fl attened. The pressure required 
is usually 7–15 psi of air, held for 15–60 s. 

  8.  Patient repositioned in the left lateral position to minimize aspiration and the balloon carefully removed after 
de fl ating. 

  9.  Overall post-procedure observation for 4–6 h to exclude perforation and evaluate for chest pain and fever. Patient 
discharged to home after drinking  fl uids without dif fi culty. Patients with pain during this observation period 
should be sent for gastrograf fi n followed by barium swallow to exclude esophageal perforation. 

 10.  Outpatient clinic follow-up in 2–4 weeks to assess symptoms and esophageal function, especially emptying. 
Tests should include upright timed barium swallow and/or esophageal manometry. 

 11.  Persistent symptoms, especially if associated with poor esophageal emptying or an LES pressure above 
10 mmHg warrants repeat dilation with the next larger size balloon. This sequence is completed until symptom 
relief or failure to respond to the 4.0 cm balloon, at which point the patient is usually referred to surgery. 

   Table 39.2    Long-term ef fi cacy and complications of Rigi fl ex balloon dilation vs. Heller myotomy for achalasia   

 Rigi fl ex balloon  Laparoscopic myotomy a  

 Number of studies  24  39 
 Number of patients  1,144  3,086 
 Excellent/good symptom response (%)  78%  89.3% 
 Follow-up (months)  37  35 
 Complications (%)  1.9% (perforation)  15% (gastroesophageal re fl ux) 

   a Surgical series with over ten patients  
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can be achieved in virtually all of these patients 
treated by repeated pneumatic dilation according 
to an “on demand” strategy, based on symptom 
recurrence  [  29  ] . Therefore, in clinical practice, 
pneumatic dilation is a nonsurgical treatment that 
will require periodic “touch ups” over the life of 
the patient. Pneumatic dilation is the most cost-
effective method for treating achalasia, when 
compared to Heller myotomy or botulinum toxin, 
over a time period of 5–10 years  [  30,   31  ] .  

 With the standardization of the Rigi fl ex bal-
loons, we are beginning to de fi ne the risk factors 
for relapse after pneumatic dilation (Table  39.3 ). 
These are mainly young age (<40 years), male 
gender, single dilation with a 3.0 cm balloon, 
post-treatment LES pressure >10–15 mmHg, and 
poor esophageal emptying on timed barium swal-
low. The effects of age on the success of pneu-
matic dilation are most reproducible from as far 
back as 1971, even with the older balloons  [  32  ] . 
For example, Eckhardt et al.  [  33  ] , using a 4 cm 
Brown-McHardy dilator, demonstrated a 5-year 
remission rate of 16% for patients younger than 
40 years, compared to 58% for those older than 
40 years. Recent studies suggest young men do 
not do as well as young women with the pneu-
matic dilation. In a study of 126 patients, Ghoshal 
et al.  [  34  ]  found that male gender, but not age, 
was independently associated with poor outcome 
after dilation. Another large study from the 
Cleveland Clinic (106 patients, 51 women) 
con fi rmed the importance of age but also found 

gender to be equally important  [  35  ] . Men, up to 
age 50 years, did not do well with a single 3.0 cm 
Rigi fl ex pneumatic dilation. However, only 
young women (<35 years of age) did poorly with 
pneumatic dilation, while older women had sus-
tained relief over at least 5 years with a single 
pneumatic dilation.  

 Physiologic studies can also predict the long-
term success rate of pneumatic dilation. Eckhardt 
and colleagues reported that all patients with 
post-procedure LES pressure <10 mmHg were in 
remission after 2 years, compared with 71% for 
pressures between 10 and 20 mmHg and 23% for 
pressures over 20 mmHg  [  21  ] . More recently, the 
Leuven group observed that 66% of their patients 
with post-procedure LES pressure <15 mmHg 
were in symptomatic remission after an average 
of 6 years  [  25  ] . Using the timed barium swallow, 
we found that patients with complete symptom 
relief, correlating with marked improvement of 
esophageal emptying, were more likely to do 
well at 3 years than those with symptom relief, 
but poor esophageal emptying (82% vs. 10%, 
respectively)  [  23  ] . A randomized clinical trial of 
pneumatic dilation vs. surgery found that patients 
with <50% improvement in the height of the bar-
ium column at 1 min post-treatment had a 40% 
risk of treatment failure during follow-up  [  36  ] . 
Most recently, the Northwestern group  [  16  ]  
observed that patients with type II achalasia 
 pattern (esophageal pressurization) on high-reso-
lution manometry were more likely to respond to 
any therapy (botulinum toxin 71%, pneumatic 
dilation 91%, Heller myotomy 100%), compared 
to type I (56% overall) and type III (29% overall). 
This was a single-center study and con fi rmation 
by other investigators is needed. 

 The only absolute contraindication to pneu-
matic dilation is poor cardiopulmonary status or 
other co-morbid illnesses preventing surgery, 
should an esophageal perforation occur. Some 
have suggested that patients with vigorous acha-
lasia, achalasia associated with epiphrenic diver-
ticulum or hiatal hernia, malnutrition, or more 
than one previous dilation may have an increased 
risk of perforation. However, a retrospective 
study of 237 patients found no difference in clini-
cal, endoscopic, manometric, or radiographic 

   Table 39.3    Pneumatic dilation: predictors of relapse   

 Related to patient 
 • Younger age (<40 years) 
 • Male gender 
 • Wide esophagus 
 Related to procedure 
 • Single dilation 
 • Small size balloon (<30 mm) 
 •  Incomplete obliteration of the balloon’s waist after 

pneumatic dilation 
 • LES pressure >10–15 mmHg 
 •  Poor esophageal emptying on barium swallow post-

treatment 
 Related to manometry 
 • Type I and III pattern on high-resolution manometry 
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characteristics among seven patients who had 
perforations, compared to the 230 who did not 
 [  37  ] . Pneumatic dilation can be safely done after 
a failed Heller myotomy, although larger diame-
ter balloons are required (I usually start with a 
3.5 cm balloon) and the success rate is not as 
good  [  38  ] . 

 Complications after pneumatic dilation are 
reported in up to 33% of patients with most com-
plications being minor, including chest pain, aspi-
ration pneumonia, bleeding usually self-limited, 
transient fever, esophageal mucosal tear without 
perforation, and esophageal hematoma  [  28  ] . 
Esophageal perforation is the most serious com-
plication after pneumatic dilation, with an overall 
rate in experienced hands of 1.9% (range 0–16%) 
 [  28  ] . Most perforations occur during the  fi rst dila-
tion and the initial size of the balloon may be a 
factor. For small perforations and deep painful 
tears, treatment may be conservative with antibi-
otics and total parenteral nutrition for days to 
weeks. However, surgical repair through a thora-
cotomy is best for large symptomatic perforations 
with extensive soilage of the mediastinum. Severe 
complications of gastroesophageal re fl ux disease 
(esophagitis, peptic stricture, Barrett’s esopha-
gus) are rare after pneumatic dilation, but 15–35% 
of patients have heartburn, responding to proton 
pump inhibitors  [  28  ] .  

   Laparoscopic Heller Myotomy 

 The  fi rst successful surgery for achalasia was 
performed in 1913, by the German surgeon Ernest 
Heller  [  39  ] . This surgery consisted of an anterior 
and posterior (double) lower esophageal myo-
tomy through a laparotomy. Subsequently, the 
operation was modi fi ed to a single anterior myo-
tomy performed usually through a left posterior 
thoracotomy. This operation was the primary sur-
gical treatment for achalasia, until the mid-1990s, 
with reported good success rate (60–94%) but 
high postoperative morbidity, making this treat-
ment much less attractive  [  40  ] . This dramatically 
changed with the introduction of the minimally 
invasive myotomy by Pellegrini and coworkers, 
in 1992  [  41  ] . Initially performed through the 

chest, the overall success of the laparoscopic 
operation through the abdomen is superior to the 
thorascopic approach. Patients are usually hospi-
talized for less than 48 h and can return to work 
within 1–2 weeks. Recent improvements on the 
operation have included extending the myotomy 
2–3 cm onto the proximal stomach to cut the gas-
tric sling  fi bers, further decreasing LES pressure 
and improving dysphagia  [  42  ] . This more aggres-
sive myotomy accentuates the risk for postopera-
tive gastroesophageal re fl ux; therefore, the 
consensus is to add an incomplete fundoplica-
tion, either an anterior Dor or posterior Toupet, to 
prevent this complication  [  43  ] . Esophageal myo-
tomy lowers LES pressure more consistently than 
pneumatic dilation. Depending on the extent of 
the myotomy onto the cardia, LES pressure is 
lowered by 55–75% with the remaining residual 
LES pressure usually less than 10 mmHg  [  42  ] . 

 In a recent review of 39 studies including 
nearly 3,100 patients, the good to excellent symp-
tom relief with laparoscopic myotomy was 89.3% 
with average follow-up of 35 months  [  44  ] . 
Younger patients, especially men and patients 
with higher LES pressures, may bene fi t most 
from primary surgery. The former may be related 
to the greater tensile strength of the LES in young 
men; while the later is postulated to re fl ect over-
all less severely damaged esophageal muscle 
function with better bolus clearance once the 
obstruction is relieved  [  45  ] . Importantly, patients 
who fail pneumatic dilation or botulinum toxin 
treatment can be successfully treated with surgi-
cal myotomy  [  35,   45,   46  ] , although some groups 
suggest a 15–21% lower success rate  [  47,   48  ] . 
Repeated botulinum toxin injections signi fi cantly 
hinder the dissection of the submucosal plane, 
leading to mucosal perforations in 7–15% of 
operations  [  28  ] . Although these perforations are 
usually recognized and repaired at the time of the 
initial operation, some studies suggest a negative 
effect on long-term results. For example, Portale 
et al.  [  46  ]  found the myotomy success rate of 19 
patients previously treated with pneumatic dila-
tion was 94% at 5 years, but only 75% for the 26 
patients previously treated with botulinum toxin. 
Long-term studies suggest deterioration of surgi-
cal success over 5–11 years. Three groups have 
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recently reported the long-term results of laparo-
scopic Heller myotomy (mean follow-up between 
5.3 and 11.2 years) in 179 patients  [  45,   49,   50  ] . 
Deterioration over time seems to occur with strik-
ing consistency in these multinational studies; 
18% required pneumatic dilation, 5% botulinum 
toxin injection, and 5–10% required repeat myo-
tomy or esophagectomy. Surgical expertise is 
key, with most complications occurring in the 
 fi rst 50 operations  [  51  ] . Surgery is the most costly 
treatment for achalasia  [  31  ] . It may, however, be 
cost-effective, but only if its effectiveness reli-
ably lasts at least 10 years  [  31  ] . 

 Recurrence of dysphagia after myotomy is 
usually the result of an incomplete myotomy, 
particularly on the gastric side. These patients 
may do well with a subsequent pneumatic dila-
tion  [  45  ] . Other factors include esophageal scar-
ring possibly due to excessive electrical cautery, 
obstruction by the fundoplication, megaesopha-
gus, or complications of severe GERD including 
esophagitis and peptic stricture. The role of a sig-
moid megaesophagus (maximum diameter 
>6–9 cm with horizontal con fi guration) contrib-
uting to the failure of myotomy is controversial. 
Several series suggest  [  45,   48  ]  many of these 
patients will do poorly after surgery with up to 
50% having persistent dysphagia. Others report 
 [  52,   53  ]  these patients did as well after surgery as 
those with minimal dilation. Therefore, most rec-
ommend initial treatment with a laparoscopic 
myotomy, reserving esophagectomy for the fail-
ures. Nevertheless, 2–5% of patients with a 
megaesophagus will eventually require an 
esophagectomy  [  22  ] . 

 Surgical complications of laparoscopic Heller 
myotomy include death (0.1%) and esophageal 
perforation (7–15%)  [  28  ] . The most common 
long-term problem is chronic GERD and its 
sequelae, occurring overall in 17% of patients 
(range 5–55%)  [  28  ] . Most of these patients have 
re fl ux symptoms; some esophagitis, and rarely 
Barrett’s esophagus and secondary adenocarci-
noma of the esophagus have been reported after 
Heller myotomy. The addition of an incomplete 
fundoplication decreases, but does not eliminate, 
the complications of GERD  [  43  ] . A recent study 
by Csendes et al.  [  54  ]  illustrates the potential for 

GERD complications, especially among patients 
followed for over 10 years. This study reported on 
67 patients with Heller myotomy and Dor fun-
doplication after open laparotomy with a mean 
follow-up of nearly 16 years (range 6.6–30 years). 
Overall, 31% of the patients developed GERD, 
and 55% had abnormal pH studies 20 years after 
their myotomy. Importantly, nine patients (13%) 
developed Barrett’s esophagus (six short- and 
three long-segment), with the frequency increas-
ing over time, reaching 30% after 20 years. In this 
series, poor or failed results were seen in 22.4% 
of the patients, but only one was due to an incom-
plete myotomy, with the remaining 14 due to 
complications of severe GERD. These alarming 
results may not be translatable to the laparoscopic 
operation, where the minor dissection of the peri-
hiatal tissue theoretically should reduce the risk 
of postoperative GERD. However, careful studies 
will be required to address this concern.  

   Pneumatic Dilation or Surgical 
Myotomy? 

 Ideally, the choice between two treatment options 
should be based upon prospective, randomized 
comparative studies. Recently, studies comparing 
pneumatic dilation with the Rigi fl ex balloon and 
laparoscopic Heller myotomy have been reported. 
These studies are appearing at a critical time, 
when many gastroenterologists have stopped per-
forming pneumatic dilations and the laparoscopic 
technique has made Heller myotomy the most 
favored treatment for achalasia. 

 A large study from the Cleveland Clinic  [  35  ]  
compared 106 patients treated with Rigi fl ex bal-
loons by a single gastroenterologist, and 73 
patients undergoing primarily laparoscopic Heller 
myotomy (20 had failed pneumatic dilation and 
crossed over to surgery) by a single esophageal 
surgeon. The success of graded pneumatic dila-
tion and myotomy, de fi ned as dysphagia/regurgi-
tation <3 times a week or freedom from alternative 
treatment, was similar; 96% vs. 89% at 6 months, 
decreasing to 44% vs. 57% at 6 months. Causes 
of symptom recurrence were incompletely treated 
achalasia (96% after pneumatic dilation vs. 64% 
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after myotomy) and complications of GERD (4% 
after dilation vs. 36% after surgery). 

 Another method to address this issue is to 
investigate large population-based databases 
comparing outcomes of these two procedures in 
typical practice settings. This was recently 
reported by Lopushinsky and Urbach  [  55  ]  in a 
retrospective longitudinal study in Ontario, 
Canada, from July 1991 to December 2002. 
A total of 1,461 persons aged 18 years or older 
received treatment for achalasia; 1,181 (80.8%) 
had pneumatic dilation and 280 (19.2%) had sur-
gical myotomy as their  fi rst procedure. The 
cumulative risk of any subsequent intervention 
for achalasia (pneumatic dilation, myotomy, or 
esophagectomy) after 1, 5 and 10 years, respec-
tively, was 36.8%, 56.2% and 63.5% after initial 
pneumatic dilation treatment, as compared to 
16.4%, 30.3% and 37.5% after initial myotomy 
(hazard risk: 2.37 CI 1.86–3.02,  p  = <0.001). The 
difference in risk between these two procedures 
was observed only when repeat pneumatic dila-
tion was recorded as an adverse outcome. Since 
“on demand” pneumatic dilation is the accepted 
approach to treating achalasia, this cannot logi-
cally be viewed as failure of this treatment modal-
ity  [  29  ] . Interestingly, the 33% need for 
subsequent pneumatic dilation and 18% risk of 
repeat surgery following myotomy were much 
higher than the current surgery literature suggests, 
probably de fi ning the more realistic surgical 
experience in the clinical community. 

 Fortunately, randomized comparison studies 
are now available. To date, two small randomized 
studies have been reported comparing Rigi fl ex 
balloon dilation and laparoscopic myotomy. 
The  fi rst (16 pneumatic dilation, 14 Heller myo-
tomy) found no difference in success rates  [  56  ] . 
The second series (26 dilations, 25 surgery), with 
follow-up for at least 12 months, observed six 
failures in the dilation group and one with sur-
gery. This difference reached statistical 
signi fi cance ( p  = 0.04) in the per protocol analy-
sis, but not the intention-to-treat analysis 
( p  = 0.09)  [  36  ] . Most recently, an achalasia trial 
involving  fi ve European countries  [  57  ]  random-
ized 94 patients to Rigi fl ex pneumatic dilation 
(3.0 and 3.5 cm) and 106 to laparoscopic Heller 

myotomy with Dor fundoplication. Patients having 
recurrent symptoms after pneumatic dilation 
were allowed to be retreated a maximum of three 
series of pneumatic dilations. After 2 years of 
follow-up, both treatments had comparable suc-
cess rates—92% for pneumatic dilation and 87% 
for laparoscopic myotomy. Barium swallow emp-
tying and LES pressures were similar for both 
groups. Four perforations occurred after pneu-
matic dilations, all in older patients treated ini-
tially with a 3.5 cm balloon, compared to 11 
perioperatively recognized perforations (1 con-
verted to open operation) during laparoscopic 
Heller myotomy. Preexisting daily chest pain, the 
height of barium column after 5 min, and an 
esophageal width of less than 4 cm before treat-
ment were identi fi ed as predictors of treatment 
failure in Cox regression analysis. These data 
con fi rmed that monitoring esophageal emptying 
after treatment is a helpful tool to predict recur-
rence and to decide whether further dilation is 
required  [  23  ] . Why a diameter of the esophagus 
less than 4 cm before treatment is associated with 
failure is unclear, unless this may be indicative of 
vigorous achalasia, known to have a worse out-
come  [  16  ] . Although age was not a predictive 
factor of clinical success for either treatment, 
patients younger than age of 40 presented more 
often with recurrent symptoms requiring re-dila-
tion. This  fi nding seems to support the proposal to 
preferentially treat younger patients (especially 
men) with laparoscopic Heller myotomy although 
longer follow-up is required. This study indicates 
that both treatments are equally effective.  

   Pharmacologic Treatments 

   Smooth Muscle Relaxants 

 Lower esophageal sphincter pressure can be tran-
siently reduced by smooth muscle relaxants  [  58  ] . 
Nitrates increase the nitric oxide concentration in 
smooth muscle cells, which subsequently increases 
cyclic guanosine monophosphate (GMP) levels 
and results in muscle relaxation. Calcium is nec-
essary for esophageal muscle contractions and its 
action is blocked by calcium antagonists. Nitrates 
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and calcium channel blockers decrease LES pres-
sure in a dose-dependent manner, with a maxi-
mum effect of approximately 50%, thereby 
temporarily relieving dysphagia. These drugs are 
taken 15–30 min before meals, the improvement 
in dysphagia is usually incomplete and short-
lived, ef fi cacy decreases with time, and side 
effects (headache, dizziness, pedal edema) are 
common. As a result, there is infrequently a place 
for these drugs in the clinical management of 
achalasia. The same holds true for sildena fi l, a 
phosphodiesterase inhibitor that reduces the 
breakdown of cyclic GMP, the second messenger 
mediating NO-induced relaxation  [  59  ] .  

   Botulinum Toxin 

 Botulinum toxin (Botox) is a potent inhibitor of 
acetylcholine release from nerve endings  [  58  ] . 
The inactive form is synthesized by the Clostridium 
botulinum bacteria. Botox cleaves SNAP-25, a 
cytoplasmic protein involved in the fusion of ace-
tylcholine containing presymptomatic vesicles 
with the neuronal plasma membrane. Exocytosis 
of acetylcholine is inhibited and paralysis of the 
innervated muscle occurs. Botox counteracts the 
unopposed stimulation of the LES by cholinergic 
neurons, helping to restore the LES to a lower 
resting pressure. On average, Botox injections 
decrease LES pressure by 50%, while partially 
improving esophageal emptying  [  58  ] . 

 Botox is commercially available in a lyo-
philized powder which should be stored below 
−5°C. The toxin is gently diluted with 5 mL of 
preservative-free sterile saline. Bubbles should 
not be formed during the mixing process, so as not 
to decrease the toxin’s potency. Total dose of 100 
units is endoscopically injected through a sclero-
therapy needle into the LES in divided 25 unit ali-
quots, one in each quadrant of the sphincter. 
Increasing the dose to 200 units does not improve 
the success rate, but repeated 100 units may 
improve ef fi cacy. One study reported that patients 
receiving 100 units of Botox, followed by a sec-
ond injection of 100 units 30 days later, had an 
80% remission rate at 12 months, compared with 
the 55% rate with the traditional regimen  [  60  ] . 

The drug is contraindicated in patients with allergy 
to egg proteins. It should be administered cau-
tiously to patients receiving aminoglycosides, 
because these medications may potentiate the 
effect of the toxin. The most common side effects 
of Botox injection is chest pain in 16–25% of 
patients. 

 Based on numerous studies, some placebo-
controlled, botulinum toxin markedly improves 
symptoms in approximately 75% of achalasia 
patients  [  28  ] . However, symptoms recur in more 
than 50% of patients within 6 months, possibly 
because of regeneration of the affected receptors 
 [  60–  62  ] . Of those responding to the  fi rst injection 
of 100 units of Botox, nearly 75% will respond to 
a second injection, but the response decreases 
with further injections, probably from antibody 
production to the foreign proteins. Less than 20% 
of the patients failing to respond to the initial 
Botox injection respond to a second injection 
 [  63  ] . Patients older than 60 years of age, and 
those with vigorous achalasia, are more likely to 
get a sustained response, up to 1.5–2 years after 
botulinum toxin injection  [  61  ] . Serial injections 
of botulinum toxin are required to give sustained 
relief, and comparison studies demonstrate its 
long-term ef fi cacy is inferior to pneumatic dila-
tion or myotomy  [  62,   64  ] . A single vial of Botox 
costs approximately $500. Serial botulinum toxin 
injections are more expensive than pneumatic 
dilation, because of the need for repeated injec-
tions. This treatment may have a cost advantage 
for patients living <2 years  [  65  ] .   

   Endoscopic Treatments 

 The concept of natural ori fi ce transluminal endo-
scopic surgery has inspired endoscopists and 
endoscopic surgeons to create less invasive treat-
ment for esophageal achalasia. However, the  fi rst 
endoscopic myotomy, reported in 1980, was done 
using a modi fi ed needle knife to dissect the mus-
cle layer directly through the mucosal layer. 
Visual control of the movement of the needle tip 
during the myotomy was impossible, thus perfo-
ration or injury to surrounding structures could 
not be avoided  [  66  ] . Almost three decades later, 
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Pasricha et al.  [  67  ]  reported, in a pig model, the 
possibility of endoscopic myotomy through a 
submucosal tunnel. More recent animal studies 
compared endoscopic submucosal esophageal 
myotomy and open myotomy in a pig model  [  68  ] . 
Postoperative LES pressure dropped 50% in the 
endoscopic group and 69% with the open proce-
dure. After the procedure, the resistance to dis-
tension at the esophagogastric junction was 
similar after both procedures. The key to success 
for both procedures was cutting the circular  fi bers 
at the level of the EGJ, not extending the myo-
tomy proximally on the esophagus. 

 Inoue et al.  [  69  ]  recently reported the  fi rst clini-
cal experience of peroral endoscopic myotomy in 
17 achalasia patients, including  fi ve with a sigmoid 
esophagus. The innovation brought by Inoue’s 
technique consisted of dividing selectively the 

circular muscle bundles, leaving the outer longitu-
dinal esophageal muscles intact. The endoscopic 
length of the myotomy reproduced the classical 
6-cm esophageal and 2-cm gastric surgical stan-
dards. In all cases, signi fi cant reduction of resting 
LES pressure (from mean 52.4 to 19.9 mmHg) was 
noted and improvement of dysphagia persisted for 
at least 5 months after initial treatment. No serious 
complications were encountered with the proce-
dure. One patient developed mild re fl ux esophagi-
tis, easily treated with proton pump inhibitors.  

   General Recommendations 

 Figure  39.3  is a suggested treatment algorithm 
for treating achalasia based on a recent clinical 
review from US and European authorities in this 

  Fig. 39.3    Suggested algorithm for the treatment of acha-
lasia. Healthy patients with low risk of complications 
after surgery can be offered potentially de fi nitive therapy 
with either pneumatic dilation or laparoscopic myotomy. 
Patients younger than 40 years may preferentially be 
referred to surgery, as they frequently need more repeat 
dilations than older subjects. Failures are best referred 
to Esophageal Centers of Excellence with expertise in 

pneumatic dilation, repeat myotomy, and esophagectomy. 
High-risk patients, especially the elderly, are best treated 
with botulinum toxin injections, or alternately pneumatic 
dilation, if the latter procedure is done at high volume 
centers. From J.E. Richter and G.E. Boeckxstaens. Recent 
advances in clinical practice: Management of achalasia. 
Gut (in press), published online February 8, 2011, with 
permission       
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disease  [  26  ] . Healthy patients with achalasia 
should be given the option of graded pneumatic 
dilation or laparoscopic Heller myotomy since a 
review of the literature suggests relatively simi-
lar ef fi cacy in the hands of experienced gastroen-
terologists and surgeons  [  28  ] . Pneumatic dilation 
has the advantage of being an outpatient proce-
dure, with minimal pain, return to work the next 
day, GERD is an infrequent problem, and can be 
performed in any age group and during preg-
nancy. Pneumatic dilation does not hinder the 
performance of a future myotomy, and all cost 
analyses  fi nd it less expensive than Heller 
 myotomy over 5–10 years. Laparoscopic Heller 
myotomy has the advantage of being a single 
procedure, dysphagia relief is longer at the cost 
of more troubling heartburn, and a myotomy 
may be more effective treatment than pneumatic 
dilation in adolescents and young adults, espe-
cially men. Myotomy is de fi nitely the treatment 
of choice in uncooperative patients and patients 
in whom pseudoachalasia cannot be excluded. In 
healthy subjects, we do not offer botulinum toxin 
as an option, because the treatment is not 
de fi nitive, and the duration of relief short term. 
On the other hand, botulinum toxin injections 
are the treatment of choice in patients who are 
poor surgical candidates and the elderly because 
it is safe, improves symptoms and generally 
older patients require retreatment no more fre-
quently than once a year. However, pneumatic 
dilation is a reasonable alternative in high surgi-
cal risk patients if performed in high volume 
centers with surgical expertise should the rare 
perforation occur. Initial treatment of uncompli-
cated achalasia can be done by experienced com-
munity physicians and surgeons. Failures, 
particularly after surgery, should be referred to 
Esophageal Centers of Excellence with a multi-
discipline team experienced with pneumatic 
dilation, repeat myotomy, and esophagectomy. 
Nearly 90% of achalasia patients can have near-
normal swallowing and good quality of life, but 
few are “cured” with a single treatment and inter-
mittent “touch up” procedures (especially pneu-
matic dilation and sometimes repeat myotomy) 
may be required  [  22  ] .   

   The Future 

 There are still many challenges and questions to 
be answered regarding achalasia and its treat-
ment. We need to understand the triggers lead-
ing to the destruction of the esophageal and LES 
neurons and possibly how to prevent these 
insults. If this is due to an autoimmune process, 
one possible alternative therapeutic approach 
may be immune-modulating drugs. Animal 
studies should continue to explore the potential 
of stem cell transplantation to restore esopha-
geal and LES function. Recent studies of mice 
suggest that transplantation of neuronal stem 
cells injected in the pylorus survive and even 
express NO synthase  [  70  ] . Future large, ran-
domized, prospective trials will need to compare 
laparoscopic Heller myotomy and pneumatic 
dilation to address the superiority of one tech-
nique to the other over a 5- to 10-year period, or 
to determine which therapies should be reserved 
for a certain subset of patients. Initial trials 
should be done in Centers of Excellence with 
surgeons and gastroenterologists skilled with 
this disease, but a later comparative study in the 
community setting would best de fi ne where 
these patients should be initially treated. Finally, 
the progress of an endoscopic treatment for 
achalasia warrants a team approach and careful 
long-term follow-up of symptoms and physio-
logic studies such as LES pressure and esopha-
geal emptying.  

   Ineffective Esophageal Motility 

 Unlike achalasia, ineffective esophageal motility 
(IEM) is a poorly described motility disorder 
whose etiology and treatment are not de fi ned. 
Ineffective esophageal motility evolved from a 
further re fi nement of the non-achalasia motility 
disorders not meeting the criteria for diffuse 
esophageal spasm, scleroderma, or nutcracker 
esophagus. The manometric pattern is that of 
peristaltic failure characterized by the presence 
of distal esophageal contractions of very low 
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amplitude (<30 mmHg) and/or non-transmitted 
contractions. The de fi nition of IEM is based on 
the simultaneous videomanometry studies by 
Kahrilas et al.  [  71  ]  who reported that contraction 
waves in the distal esophagus with amplitudes 
lower than 30 mmHg were associated with fail-
ure of bolus clearance.  

   Epidemiology and Pathophysiology 

 Ineffective esophageal motility is the most 
prominent motility disorder in GERD patients, 
being diagnosed in 20–50% of patients  [  72  ] . It is 
also reported in 31–53% of patients with aerodi-
gestive disorders associated with GERD  [  73  ] . 
The majority of these patients have between 
30% and 70% of their swallows followed by 
these “ineffective contractions”  [  74  ] . IEM was 
observed in up to 30% of patients with non-
obstructive dysphagia unrelated to GERD  [  75  ] . 
These periods of peristaltic failure have been 
associated with delayed esophageal clearance 
after re fl ux  [  73,   76  ] , extra-esophageal symptoms 
 [  77  ] , and dysphagia both before and after anti-
re fl ux surgery  [  78  ] . 

 Incomplete data suggest that IEM is due to 
impaired cholinergic stimulation along the esoph-
ageal body, whether a primary motor disorder or 
secondary to chronic in fl ammation. Experimental 
animal studies show that acute acid injury induc-
ing esophagitis is associated with esophageal 
hypomotility that can disappear after spontane-
ous mucosal healing  [  79  ] . However, among 
patients with chronic erosive GERD, healing of 
esophagitis does not predictably improve 
 esophageal dysmotility and patients with non-
erosive GERD may have poor peristaltic func-
tion, suggesting a primary disorder  [  80,   81  ] . 
Potential factors contributing to this esophageal 
hypomotility include impaired neuromuscular 
control, muscle hypertrophy, extensive  fi brosis, 
or in fl ammatory mediators such as interleukin-6 
and platelet activating factor diffusing through 
the esophageal wall and reducing acetylcholine 
release from excitatory motor neurons to circular 
smooth muscle  [  82,   83  ] .  

   Diagnostic Evaluation 

 The classical criteria for IEM, as published by 
Leite et al.  [  76  ] , include hypocontraction in the 
distal esophagus, with at least 30% of wet swal-
lows exhibiting any combination of the follow-
ing: (1) non-transmitted contractions not 
propagating throughout the esophagus, and/or (2) 
low amplitude peristaltic contractions with ampli-
tude <30 mmHg (Fig.  39.4 ). The functional 
impact of IEM can be assessed by the combina-
tion of esophageal manometry and impedance. In 
a recent study of 70 patients with IEM, 68% of 
liquid and 59% of viscous swallows showed nor-
mal bolus transit with impedance testing, and 
almost one-third of patients received an overall 
diagnosis of normal bolus transit for both liquid 
and viscous swallows  [  74  ] . Thus, the manometric 
 fi ndings must be correlated with esophageal func-
tion, reserving the term IEM for patients with 
severe hypomotility and impaired bolus transit.   

   Treatment 

 Prevention of IEM theoretically may be achieved 
with early aggressive control of GERD. Once 
established, IEM seems to be unmodi fi ed by 
acid-suppressive medications  [  80  ]  or anti-re fl ux 
surgery  [  81  ] . Some studies  fi nd no effect of pro-
kinetic therapy  [  84,   85  ]  on IEM. However, a 
recent study  [  86  ]  of seven patients with severe 
IEM found that bethanechol 50 mg orally reduced 
by nearly two-thirds the percentage of ineffective 
liquid swallows by impedance testing. Three 
patients had normalization of their liquid bolus 
transit. Another drug, the 5-HT 

1
  agonist suma-

triptan, can elicit an increase in amplitude of 
esophageal contractions and LES pressure in 
healthy subjects. When given to 16 patients with 
chest pain and IEM, sumatriptan 6 mg subcutane-
ous increased the number of primary peristaltic 
waves. However, the drug had no effect on con-
traction amplitude, reducing the potential role of 
this drug as a stimulus to reverse IEM  [  87  ] . When 
surgery is indicated for severe gastroesophageal 
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re fl ux associated with IEM, partial fundoplica-
tion (rather than a Nissen fundoplication) may be 
preferred to facilitate esophageal emptying and 
decrease the risk of postoperative dysphagia, but 
this concept remains controversial  [  81,   88  ] .      
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  Abstract 

 Dysphagia and noncardiac chest pain can be associated with spastic and 
hypercontractile esophageal motor disorders, provided that structural 
lesions, in fl ammation, and gastroesophageal re fl ux are excluded. Currently 
one of the best methods used to identify and classify esophageal contrac-
tile abnormalities is esophageal manometry. In the last years, manometry 
has undergone a signi fi cant paradigm shift. Combination of solid-state 
high-resolution manometry with esophageal pressure topography (EPT) 
provides a seamless dynamic display of esophageal pressure morphology 
and function, which is subjectively easy to interpret, yet lends itself to 
more sophisticated analyses and detailed characterization of normal and 
abnormal esophageal motility. The purpose of this chapter is to provide an 
overview of pathophysiology underlying the esophageal spasm, spastic 
achalasia, hypertensive peristalsis, and hypercontractile lower esophageal 
sphincter, as well as the criteria for their diagnosis based on the features 
observable on EPT. Together with presenting patient complaint, pheno-
types of esophageal motor disorders de fi ned by EPT may help guide the 
management of spastic and hypercontractile esophageal motor disorders. 
Additionally, these phenotypes may also re fi ne future clinical trials and 
improve our understanding of how these motor abnormalities may gener-
ate symptoms.  

  Keywords 

 Achalasia  •  Dysphagia  •  Esophageal hypercontractility  •  Esophageal pres-
sure topography esophageal spasm  •  High-resolution manometry  
•  Hypertensive esophageal peristalsis  •  Hypercontractile lower esophageal 
sphincter  •  Non-cardiac chest pain  •  Nutcracker esophagus      
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   Introduction 

 Although abnormal esophageal motility can lead 
to dysphagia and chest pain, as a general rule, ini-
tial diagnostic exclusion of esophageal structural 
lesions by endoscopy, radiography, histology, or 
empiric proton pump inhibitor (PPI) trial is 
required. Achalasia is the best de fi ned esopha-
geal motor disorder associated with dysphagia; 
however, an association between dysphagia and/
or chest pain with other motility disorders such as 
diffuse esophageal spasm (DES), hypertensive 
contractile esophagus, or hypercontractile lower 
esophageal sphincter has also been reported  [  1  ] . 
Spastic disorders are typically de fi ned based on 
abnormal peristaltic propagation leading to pre-
mature contractions or rapid contractions associ-
ated with bolus entrapment during swallowing. 
In contrast, hypercontractile disorders have nor-
mal propagation but are associated with exagger-
ated contractions that may have extremely high 
contraction amplitudes or prolonged contractions 
outside of the typical time-dependent pro-
grammed deglutitive window. Although these 
disorders are associated with dysphagia and chest 
pain, these motor abnormalities are found in 
patients presenting with GERD and even asymp-
tomatic controls. Thus, it appears that there are 
distinct phenotypes that directly generate symp-
toms and other phenotypes that rely on secondary 
modulators, such as visceral hypersensitivity and 
hyperawareness. 

 Esophageal contractile disorders are best 
indenti fi ed and classi fi ed with esophageal 
manometry. Manometric evaluation of the tubu-
lar esophagus assesses the integrity, rate of pro-
gression, and segmental architecture of the 
contractile complex, i.e., amplitude, duration, 
and repetitive nature of contractions. Esophageal 
motor patterns previously classi fi ed with conven-
tional manometry used 3–8 pressure sensors 
spaced 3–5 cm apart and displayed pressure as 
tracings along a time continuum. Recent advances 
in high-resolution manometry hardware, com-
puter processing, and software, however, have 
shifted the diagnostic paradigm of esophageal 
disease. HRM provides a greater number of 

closely spaced high- fi delity pressure sensors, 
enabling a greatly enhanced display algorithm 
over simple conventional line tracings. The resul-
tant esophageal pressure topography (EPT) plot 
provides a seamless dynamic representation of 
esophageal pressure morphology and function 
(Fig.  40.1 ). Its key advantage is in the additional 
ability to assess pressure pro fi les along the length 
of the esophagus (as continuous spatial-pressure 
variation plots) and, thus, improving both the 
accuracy and detail of the study compared to the 
conventional approach. HRM and EPT were ini-
tially described experimentally by Clouse in the 
1990s  [  2  ]  and have since become increasingly 
used in clinical practice. The detailed EPT dis-
play format is subjectively easier to interpret, and 
provides a more accurate and sophisticated char-
acterization of esophageal motility. The purpose 
of this chapter is to highlight the pathophysiol-
ogy, classi fi cation, and diagnosis of spastic and 
hypercontractile esophageal motor disorders 
based on EPT criteria. This review will also 
describe the management of these disorders; 
however, details regarding speci fi c therapies will 
be covered more extensively in Chapters XX   .   

   Esophageal Manometry 

   Manometric Catheters 

 Esophageal manometry is a test in which intralu-
minal pressure sensors, either water perfused or 
solid state, are positioned axially within the 
esophagus. The manometric catheter is inserted 
transnasally and connected to a recording unit 
(via a hydraulic pump in case of perfused pres-
sure sensors). Whereas conventional technique 
used catheters with few and widely spaced pres-
sure sensors, the currently available HRM cathe-
ters typically consist of 36 solid-state pressure 
sensors spaced 1 cm apart. The concept of HRM 
is to employ a suf fi cient number of pressure sen-
sors within the esophagus such that intraluminal 
pressure can be monitored as a continuum along 
the entire length of the esophagus over time. 
Figure  40.1  superimposes representative conven-
tional manometric and HRM recordings, with the 
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HRM displayed in EPT format. HRM provides 
suf fi cient recording length (35 cm) to span from 
the hypopharynx to the stomach (with several 
intra-gastric sensors) without the need for a pull-
through technique or catheter repositioning once 
the proper location is established. The pressure 
sensor/transducer components con fi gured into 
currently available solid-state HRM manometric 
catheters consist of either strain gauge transduc-
ers or TactArray™ devices (a proprietary trans-
ducer technology). The TactArray™ sensors 
provide 12 separate measurements and will depict 
the information as an average of the measures 
while the other con fi gurations utilize a strain 
gauge within a  fl uid- fi lled bead to provide a cir-
cumferential estimate of pressure. There are no 
data to support which sensor is superior; how-

ever, normative values and thresholds for diagno-
sis should not be interchanged between devices 
as they may be different.  

   Manometric Protocol 

 Esophageal manometry is usually performed in 
the supine position. This position allows the test-
ing of peristaltic function without the effect of 
gravity on bolus transit and provides a slight 
stress to elicit peristaltic activity. All currently 
available normative data for HRM have been 
established in supine position. 

 A typical manometry protocol consists of a 
30-s basal period in the absence of swallowing 
followed by ten 5-mL test swallows of water. 

  Fig. 40.1    Depiction of normal esophageal motility by 
conventional manometry (white line tracings) and high-
resolution manometry with esophageal pressure topogra-
phy (EPT). The positions of pressure sensors in the 
esophagus for the conventional manometry are indicated 
in the anatomical drawing on the  left  with a sleeve device 
across the esophagogastric junction (EGJ). On the  right , 

the conventional manometry tracings and EPT are over-
laid to illustrate how they correspond with each other. The 
peristaltic wave strips the bolus from the esophagus with 
the pressure upstroke (conventional) or isobaric contour 
(EPT) demarcating the bolus/no bolus interface. Note the 
tremendously enhanced detail provided by EPT, espe-
cially in the area of the EGJ       

 



562 M.A. Kwiatek and J. Pandol fi no

The test swallows are separated by at least 
20–30 s to reestablish basal activity and avoid 
having deglutitive inhibition from the prior swal-
low affect the subsequent swallow  [  3  ] . The mano-
metric diagnosis is based on the analysis of the 
test swallows and focuses on a description of dis-
tinct patterns at the esophagogastric junction 
(EGJ) and along the tubular esophagus. Multiple 
rapid swallows are sometimes included as a sim-
ple assessment of the integrity of deglutitive inhi-
bition, defects of which are thought to be 
respon sible for some spastic motility disorders  [  4  ] .  

   Esophageal Pressure Topography 
Analysis and Classi fi cation 
of Esophageal Disorders 

 When HRM is coupled with a display of the pres-
sure data as EPT plots, contractility is visualized 
as a spatial and temporal continuum, with the 
magnitude of intra-esophageal pressure displayed 
as graded spectral colors denoting isobaric condi-
tions among the sensors. Figure  40.2  depicts a nor-
mal swallow as an EPT plot encompassing both 
the upper esophageal sphincter (UES) and the 
EGJ, the timing of deglutitive UES and EGJ relax-
ation and the contractions of the intervening 
esophageal body. The normal swallow on EPT is a 
seamless wave of contraction with no defects or 
breaks in the isobaric contour set at 20 mmHg. 
The normal contraction propagates at a velocity 
below 9 cm/s and does not intersect the EGJ before 
4.5 s to allow time for bolus emptying. Additionally, 
the contraction wavefront will usually have a 
maximal amplitude less than 240 mmHg and 
contractile activity within the range of 1,000–
5,000 mmHg cm s. The measurements utilized to 
classify spastic and hypercontractile disorders will 
be discussed in the following sections.  

 The algorithm for classifying esophageal 
motor disorders using EPT is based on a system-
atic analysis that begins by separating the plot 
into two functional domains: the EGJ and the 
esophageal body. Abnormal EGJ pressure mor-
phology or impaired deglutitive EGJ relaxation 
can profoundly affect pressure topography within 
the esophageal body. Consequently, the  fi rst step 

in analyzing esophageal motility should focus on 
the EGJ (Fig.  40.3 )  [  5  ] . Consistent with this, a 
stepwise analysis algorithm  fi rst characterizes the 
location of the EGJ and the pressure morphology, 
such as presence of hiatus hernia which is seen 
on EPT as a separation of the EGJ components, 
lower esophageal sphincter, and the crural dia-
phragm, in the 30-s basal period without swal-
lowing  [  6  ] . Once the location is con fi rmed and a 
respiratory inversion is de fi ned to document 
placement of the catheter into the intra-abdomi-
nal space, the adequacy of deglutitive EGJ relax-
ation is de fi ned. The measurement of EGJ 
relaxation can be performed using the 4-s inte-
grated relaxation pressure (IRP). IRP is de fi ned 
as the lowest average pressure for four contigu-
ous or noncontiguous seconds within 10 s after 
deglutitive UES relaxation (the relaxation win-
dow, Fig.  40.2a ), and 15 mmHg serves as a cutoff 
threshold for diagnosing achalasia  [  7  ] .  

 Once the EGJ anatomy and deglutitive relax-
ation are de fi ned, the analysis focuses on the 
peristaltic integrity of the tubular esophagus with 
each swallow. With normal EGJ relaxation, the 
integrity of the 30 mmHg isobaric contour is a 
key concept in using EPT to characterize peristal-
sis. The 30 mmHg isobaric contour circumscribes 
areas on the plot with pressure exceeding 
30 mmHg. It is a reliable threshold distinguishing 
intrabolus pressure from luminal closure, and the 
minimal, yet still optimal, pressure facilitating 
bolus clearance. When the EGJ is normal and the 
30 mmHg isobaric contour is continuous from 
the UES to the EGJ, there is virtual certainty of 
normal bolus transit and clearance. Breaks in the 
30 mmHg isobaric contour are indicative of areas 
along the esophagus with a peristaltic amplitude 
of less than 30 mmHg and increased likelihood of 
incomplete bolus clearance (retrograde bolus 
escape). Based on the degree or length of these 
defects, swallows are classi fi ed as intact, defec-
tive, or failed (Table  40.1 ). It is worth mentioning 
here that the contractile pattern of each swallow 
is also examined for an abnormal esophageal 
pressurization occurring with the contractile 
activity such as pan-esophageal pressurization 
that appears in some achalasia cases or pressur-
ization between the contractile front and the EGJ 
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indicative of increased intrabolus pressure. This 
is a unique feature of EPT as these patterns are 
much more evident in pressure topography com-
pared to the conventional line-tracing format.  

 Swallows with either intact or small defects in 
peristalsis are then further characterized by their 
contractile front velocity (CFV), distal contractile 
integral (DCI), and distal latency (DL). Given the 
importance of de fi ning abnormal propagation and 
contractile vigor in identifying spasmodic or hyper-
tensive contractions, special emphasis will be given 
to these measurements in the next subsections. 

   Propagation Velocity 
 Contractile front velocity (CFV) is measured 
from the proximal pressure trough to the contrac-
tile deceleration point (CDP) de fi ned as the point 

in the contractile continuum where the most 
abrupt deceleration in velocity occurs prior to the 
contraction reaching the distal pressure trough 
(Fig.  40.2a ). CDP de fi nes a transition from 
esophageal peristaltic clearance to emptying of 
the phrenic ampulla, where the mechanism is 
dominated by re-elongation of the distal esopha-
gus and recoil of the phrenoesophageal ligament 
rather than peristaltic propagation  [  8  ] . CFV is 
based on the best- fi t tangent between the proxi-
mal pressure trough and CDP (Fig.  40.2a ) with 
9 cm/s being the upper limit of normal  [  5  ] .  

   Contractile Vigor 
 The vigor of the distal esophageal contraction is 
quanti fi ed using the distal contractile integral 
(DCI) (Fig.  40.2b ). Conceptually, the DCI 

  Fig. 40.2    A normal swallow in an esophageal pressure 
topography (EPT) plot. The two high-pressure zones, visu-
alized before and after the swallow start, denote the upper 
esophageal sphincter (UES) and the esophagogastric junc-
tion (EGJ). The peristaltic contraction ensues after the start 
of the swallow and propagates in time and space towards 
the EGJ. Its distal component spans two pressure troughs: 
a proximal, P, and a distal, D, one. ( a ) First, deglutitive 
EGJ relaxation is assessed within the EGJ relaxation win-
dow ( white box at the EGJ ) that extends for 10 s after the 
start of the swallow. EGJ relaxation characterized by a 4-s 
integrated relaxation pressure (IRP), the lowest average 
pressure for four contiguous or noncontiguous seconds 
within the relaxation window, of < 15 mmHg is considered 
normal. Next, the peristalsis is de fi ned using the 30 mmHg 
isobaric contour ( black line ) which circumscribes areas on 

the EPT plot with intraluminal pressure > 30 mmHg. By 
 fi tting two tangential lines at the isobaric contour to the 
initial and terminal portions of the isobaric contour and 
noting intersection of the lines the contractile deceleration 
point (CDP,  white dot ) is located. CDP represents the point 
at which the esophageal peristaltic clearance shifts to the 
emptying of the phrenic ampulla. Hence, the contractile 
front velocity (CFV) is based on the tangential line between 
P and the CDP. A CFV < 9 cm/s de fi nes normal esophageal 
peristalsis. ( b ) The distal contractile integral (DCI) de fi nes 
the contractile vigor of the distal esophagus. DCI is calcu-
lated by multiplying the length of the esophageal segment 
between the P and the D troughs, the duration of the con-
traction, and the mean pressure of the contraction encased 
within the 20 mmHg isobaric contour ( pink box ). A normal 
swallow has a DCI between 500 and 5,000 mmHg cm s       
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 corresponds to the “volume” of the distal contrac-
tion in dimensions of time, length, and amplitude 
with a value between 500 and 5,000 mmHg cm s 
considered as normal  [  9  ] .  

   Distal Contractile Latency 
 The esophageal deglutitive response is initiated 
with the oropharyngeal swallow. However, the 
subsequent peristaltic contraction in the distal 
esophagus is preceded by a period of quiescence. 
Behar and Biancani introduced the concept of 
latency to quantify this period of quiescence and 
suggested that contractile latency was substan-
tially reduced in patients with simultaneous con-
tractions than in those with normal peristaltic 
velocity (Fig.  40.4 )  [  10  ] . In EPT terms, distal 
contractile latency (DL) is de fi ned as the duration 
of the interval between upper esophageal sphinc-

ter relaxation and the CDP, with the lower limit 
of normal of 4.5 s being similar to that described 
by Behar and Biancani (Fig.  40.4 )  [  11  ] . DL mea-
sure provides the last step in characterizing each 
swallow as shown in Table  40.1 .  

 Summarizing the EGJ relaxation, peristaltic 
integrity, CFV, DCI, and DL characteristics of the 
ten test swallows form the foundation of diagno-
sis according to the Chicago Classi fi cation 
(Table  40.2 ). Figure  40.3  highlights the diagno-
ses of esophageal hypercontractility.    

   Other Techniques to Evaluate 
Esophageal Motility 

 Historically,  fl uoroscopy was the  fi rst method uti-
lized to assess esophageal motility disorders. 

  Fig. 40.3    Algorithm for analysis of EPT studies accord-
ing to the Chicago Classi fi cation. Note that motility disor-
ders should be considered as a cause of dysphagia and/or 
chest pain only after  fi rst evaluating for structural disor-
ders, eosinophilic esophagitis, and, where appropriate, car-
diac disease. The  fi rst branch point is to identify patients 
meeting criteria for achalasia (elevated IRP and absent 
peristalsis), which is then subclassi fi ed. Patients meeting 
partial criteria for achalasia or exhibiting swallow-induced 

contractions with short latency or rapid propagation are 
then characterized. Note that some of these patients likely 
have variant forms of achalasia while, at the other extreme, 
some are probably normal variants. The third branch point 
in the algorithm is to identify hyper- or hypocontractile 
conditions. Note that some individuals with high DCI may 
have slightly elevated values of IRP. ( IRP  integrated relax-
ation pressure,  CFV  contractile front velocity,  DCI  distal 
contractile integral,  DL  distal latency)       
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However, the  fl uoroscopic assessment of esopha-
geal contractility is indirect because it re fl ects 
only the ef fi ciency of bolus transit within the 
esophagus and across the EGJ, without substan-
tial metrics of their functional role. Despite this 
limitation,  fl uoroscopy is still extremely useful in 
describing anatomical abnormalities prior to 
esophageal surgery, for assessing the functional 
outcome after Heller myotomy, and to evaluate 
post-fundoplication symptoms. 

 Multichannel intraluminal esophageal imped-
ance monitoring is a relatively new technology 
developed to monitor bolus transit through the 
esophagus without radiation exposure. 
Impedance monitoring is based on the concept 
that electrical resistance (impedance) between 

adjacent electrodes in the esophagus will vary 
depending on whether the electrodes are in con-
tact with luminal contents or only the esopha-
geal mucosa. When bridged by liquid the 
impedance decreases. By placing several elec-
trode pairs along a probe that is then positioned 
transnasally within the esophagus, the  fl ow of 
the swallowed bolus through the esophagus can 
be monitored by following sequential antero-
grade drops in impedance. Bolus transit is then 
characterized as a dichotomous outcome of 
complete or incomplete. The esophageal func-
tion affecting  fl ow can be assessed when imped-
ance is combined with HRM. The role of 
assessing bolus transit alone in spastic and 
hypercontractile disorders is unclear.   

  Fig. 40.4    The concept of reduced distal latency in spasm 
as described by Behar and Biancani. The left panel shows 
the latency of propagation for normal controls ( blue cir-
cles ) and a patient with spasm ( white circles ) adapted 
from Behar and Biancani. The latency interval was mea-
sured using conventional manometry as the time from 
onset of contraction at sensor 21 to onset of contraction at 
sensor 1. The latency interval was determined to be a 

marker of the inhibitory ganglionic integrity, suggesting 
that patients with spasm had evidence of reduced latency 
and premature contraction. In the right panels, the latency 
interval plots from the conventional manometry study are 
superimposed on EPT tracings of a swallow with normal 
latency ( top ) and short latency ( bottom ). In each case, the 
time and sensor position scales are adjusted to approxi-
mate those of the conventional manometry tracing       
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   Table 40.2    The Chicago classi fi cation for diagnosis of esophageal motility abnormalities   

 Diagnosis  Diagnostic criteria 

 Achalasia 
 Type I achalasia  Classic achalasia: mean IRP > upper limit of normal, 100 % failed peristalsis 

with absent contractile activity 
 Type II achalasia  Achalasia with esophageal compression: mean IRP > upper limit of normal, no 

normal peristalsis, pan-esophageal pressurization with  ³ 20 % of swallows 
 Type III achalasia  Mean IRP > upper limit of normal, no normal peristalsis, preserved fragments 

of distal peristalsis or premature (spastic) contractions with  ³ 20 % of swallows 
 EGJ out fl ow obstruction a   Mean IRP > upper limit of normal, some instances of intact peristalsis or weak 

peristalsis with small breaks such that the criteria for achalasia are not met 
 Distal esophageal spasm  Normal mean IRP,  ³ 20 % premature contractions 
 Hypercontractile esophagus  At least one swallow DCI >8,000 mmHg s cm with single peaked or multi-

peaked (jackhammer) contraction 
 Absent peristalsis  Normal mean IRP, 100 % of swallows with failed peristalsis 

 Weak peristalsis with large 
peristaltic defects 

 Mean IRP <15 mmHg and >20 % swallows with large breaks in the 20 mmHg 
isobaric contour (>5 cm in length) 

 Weak peristalsis with small 
peristaltic defects 

 Mean IRP <15 mmHg and >30 % swallows with small breaks in the 20 mmHg 
isobaric contour (2–5 cm in length) 

 Rapid contractions with normal 
latency 

 Rapid contraction with  ³ 20 % of swallows, DL >4.5 s 

 Hypertensive peristalsis 
(nutcracker esophagus) 

 Mean DCI > 5,000 mmHg s cm, but not meeting criteria for hypercontractile 
esophagus 

 Frequent failed peristalsis  >30 %, but <10 % of sw   allows with failed peristalsis 
 Normal  Not achieving any of the above diagnostic criteria 

  This classi fi cation is not intended to include postsurgical conditions (fundoplication, Lapband, etc.) that may be associ-
ated with secondary motility disturbances 
  a May be an achalasia variant  

   Table 40.1    Esophageal pressure topography scoring of individual swallows   

 Integrity of contraction 
 Intact contraction  20 mmHg isobaric contour without large or small break 
 Weak contraction  a)  Large break in the 20 mmHg isobaric contour (>5 cm in length) 

 b)  Small break in the 20 mmHg isobaric contour (2–5 cm in length) 
 Failed peristalsis  Minimal (<3 cm) integrity of the 20 mmHg isobaric contour distal to the proximal 

pressure trough (P) in any swallow 
 Contraction pattern (for intact or weak peristalsis with small breaks)a 
 Premature contraction  DL < 4.5 s 
 Hypercontractile  DCI >8,000 mmHg s cm 
 Rapid contraction  CFV >9 cm/s 
 Normal contraction  Not achieving any of the above diagnostic criteria 
 Intrabolus pressure pattern (30 mmHg isobaric contour) 
 Pan-esophageal pressurization  Uniform pressurization extending from the UES to the EGJ 
 Compartmentalized esophageal 
pressurization 

 Pressurization extending from the contractile front to a sphincter 

 EGJ pressurization  Pressurization restricted to zone between the LES and CD in conjunction with 
hiatus hernia 

 Normal pressurization  No bolus pressurization >30 mmHg 

  Modi fi ed from Pandol fi no et al.  [  5  ]  
  DL  Distal latency,  CFV  Contractile Front Velocity,  DCI  Distal Contractile Integral 
  a    CFV and DCI are not calculated in failed swallows or weak peristalsis if the defect is greater than 5 cm  



56740 Esophageal Spasm/Noncardiac Chest Pain Hypertensive Esophageal Peristalsis...

   Esophageal Motor Disorders 

   Pathophysiology 

 The control of esophageal peristalsis varies along 
the length of the esophagus. This change coin-
cides with the transition from the striated muscle 
proximally to smooth muscle distally, with the 
proximal trough/transition zone being the most 
overt feature on EPT. There is also a distinct 
division in neurologic control of the peristaltic 
sequence. The initiation of the sequence proxi-
mally is controlled by direct cholinergic stimula-
tion from motor neurons originating in the 
Nucleus Ambiguus, which sequentially activate 
the esophageal muscularis propria  [  12  ] . In the 
distal (smooth muscle) esophagus, including the 
lower esophageal sphincter (LES), the degluti-
tive response is more intricate. The efferent 
motor neurons from the Dorsal Motor Nucleus 
of the Vagus (DMV) synapse onto the ganglia of 
the myenteric plexus. Two physiologically dis-
tinct populations of DMV preganglionic neurons 
are identi fi able originating from caudal and 

 rostral locations within the DMV. Although both 
are cholinergic, and neither exhibit sequenced 
activation, in the esophagus one population syn-
apses onto inhibitory (nitric oxide) myenteric 
neurons while the other synapses on excitatory 
(cholinergic) ones  [  13  ] . Thereafter, the timing of 
contraction of the muscularis propria at each 
esophageal level is dependent on the balance 
between the effects of inhibitory (hyperpolariz-
ing) and excitatory (depolarizing) myenteric 
neurons on the membrane potential of the myo-
cytes (Fig.  40.5 ). The progressive aboral domi-
nance of the inhibitory myenteric neurons results 
in increasing latency of contraction  [  13  ] . The 
amplitude of contraction at each locus is addi-
tionally modulated by both the myocyte number 
and excitability  [  14  ] . The gross effect of these 
neuromyenteric controls can be easily appreci-
ated on EPT plots through the sequence of 
esophageal deglutition that starts with UES 
relaxation, and then proceeds through a well-
timed sequence of EGJ relaxation and peristal-
sis, with the latter varying in velocity and 
contractile vigor in its proximal-to-distal pro-
gression (Fig.  40.2a ).  

  Fig. 40.5    In a normal swallow ( left panel ), the cholinergic 
excitatory innervation of the distal esophagus decreases grad-
ually aborally ( blue circles ), while the inhibitory innervation 
increases ( red circles ). As a result, upon stimulation the distal 
latency increases gradually along the esophagus resulting in 
the characteristic peristaltic sequence seen on EPT ( green 
dashed line  represents normal propagation). In the case of a 

hypertensive swallow ( middle panel ), the inhibitory innerva-
tion decreases, but a peristaltic sequence can be still 
achieved. The absence of inhibition can result in simulta-
neous contraction ( right panel ) devoid of peristalsis. From 
J. Crist et al. Proc Natl Acad Sci USA 1984;81(11):3595–9; 
H. Mashimo and R.K. Goyal. Physiology of esophageal 
motility. GI motility online; 2006 with permission       
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 Esophageal motility disorders can result from 
either primary diseases of the musculature or 
from a disruption in the balance between inhibi-
tory and excitatory innervations. The resultant 
disruption of the features of the peristaltic 
sequence can show up as deviations from normal 
on EPT plots. Early achalasia is characterized by 
a loss of function by inhibitory myenteric neu-
rons  [  15  ]  showing on EPT as impaired EGJ 
relaxation. Hypertensive peristalsis could be 
associated with muscle hypertrophy, hyperexcit-
ability, or possibly increased activation by excit-
atory myenteric plexus neurons. Smooth muscle 
atrophy is observed in the distal esophagus of 
patients with scleroderma and is associated with 
aperistalsis  [  16  ] . 

 The manometric diagnostic criteria and treat-
ment options designed to address neuromyenteric 
abnormalities leading to spastic and hypercon-
tractile motility disorders are summarized in 
Tables  40.1  and  40.2 .  

   Esophageal Spasm 

 The pathophysiology of diffuse esophageal spasm 
(DES) involves an impairment of inhibitory 
mechanisms leading to both premature and rap-
idly propagated or simultaneous contractions in 
the distal esophagus. Experimental inhibition of 
nitric oxide in control subjects induces simulta-
neous esophageal contraction; hence, the mecha-
nism appears to be related to a reduction in the 
distal latency of the contraction. In contrast, the 
administration of nitric oxide donors prolongs 
the distal latency in patients with DES and 
decreases the contraction amplitude  [  17  ] . 

   Diagnostic Criteria 
 Although most undiagnosed chest pain is not 
caused by esophageal spasm, esophageal manom-
etry is often performed in the course of symptom 
evaluation and rapidly propagated esophageal 
contractions are frequently reported as indicative 
of an esophageal spasm  [  18  ] . However, these rapid 
contractions rarely cause chest pain and most 
experts agree that use of this criterion leads to 
over-diagnosis of distal esophageal spasm (DES) 

 [  18  ] . Castell and Spechler proposed modifying the 
manometric criteria for DES to require (1) simul-
taneous (rapid) contractions in >10 % of wet swal-
lows and (2) contraction amplitude greater than 
30 mmHg  [  19  ] . The inclusion of a contractile 
amplitude threshold in the de fi nition was intended 
to exclude low-amplitude pressure waves from 
guiding the diagnosis, but the de fi ning feature of 
“simultaneous contractions” was retained. 

 Recently, there has been renewed interest in 
re-classifying distal esophageal spasm using EPT, 
as it has become clear that the conventional crite-
ria for de fi ning spasm are not easily applied to 
EPT. Normal regional variability in contraction 
velocity and regional boundaries demarcating 
functional esophageal segments are much more 
evident in EPT requiring, at the very least, that 
diagnostic criteria based on propagation velocity 
to be re-examined  [  5,   9  ] . Two recently described 
tools in EPT analysis that may improve the rec-
ognition of spasm are the CDP and DL described 
in the previous section on manometry. The CDP 
is the distal esophageal locus at which peristalsis 
terminates  [  8  ] . Consequently, identi fi cation of the 
CDP provides a reliable landmark for measuring 
peristaltic velocity or CFV. The DL is a related 
measure in that it times the occurrence of distal 
peristalsis relative to deglutitive UES relaxation. 
Together, these EPT measures facilitate objective 
measurement of peristaltic velocity and a means 
for quantifying the latency of the distal contrac-
tion as a surrogate for the integrity of the neural 
contractile inhibition  [  10,   11  ] . 

 The combination of CFV and DL can be uti-
lized to describe distinct phenotypes of rapid 
contraction that are likely to be clinically relevant 
(Fig.  40.6 , Table  40.2 ). Recently, our group 
reviewed 1,070 consecutive EPT studies to assess 
the prevalence of rapid contraction and spasm 
using the criteria in Table  40.1 . Of 1,070 evalu-
able patients, 91 (8.5 %) had a high CFV and/or 
low DL. Patients with only rapid contractions 
( n  = 67) were heterogeneous in diagnosis (weak 
peristalsis, 38; hypertensive, 5; functional 
obstruction 7; normal 14) and symptoms with the 
majority ultimately categorized as weak peristal-
sis or normal. In contrast, 96 % of the patients 
with premature contraction had dysphagia and all 
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( n  = 24, 2.2 % overall) were ultimately managed 
as having spastic achalasia or DES.   

   Treatment 
 The treatment of spastic disorders of the esopha-
gus is dependent on the phenotype that is de fi ned 
using EPT (Table  40.3 ) and the presenting com-
plaint. Patients with rapid contraction alone have 
either weak peristalsis, borderline hypertensive 

peristalsis, or normal peristalsis with regional 
segments of rapid contraction and thus, would be 
unlikely to respond to therapy focused on relax-
ing smooth muscle. Patients with premature con-
tractions are probably more likely to respond to 
therapy focused on inducing smooth muscle 
relaxation similar to the treatment for achalasia. 
Finally, all patients presenting with chest pain 
without achalasia or a spastic motor disorder 

  Fig. 40.6    EPT phenotypes of abnormal propagation 
based on DL and CFV measurements. The most common 
phenotypes are ( a ) and ( b ) with normal latency and a large 
defect in the 30 mmHg isobaric contour. The swallow in 
panel ( a ) with a rapid contraction and a large proximal 
break ful fi lls criteria for both weak peristalsis and rapid 
contraction. Panel ( b ) illustrates the problem with mea-
suring CFV with weak peristalsis and a non-propagating 
segmental contraction. Although the CDP provides a rea-
sonable temporal endpoint for measuring velocity, the 
large break eliminates any appropriate proximal landmark 

resulting in what would be a negative CFV. However, the 
DL is normal suggesting this to be an artifact of weak 
peristalsis. The swallow in panel ( c ) is also associated 
with a large break (7.5 cm), however, it is also associated 
with short latency (3.0 s) and rapid CFV (45 cm/s) thereby 
representing a distinct phenotype compared to panels ( a ) 
and ( b ). The swallow in panel (d) is premature (DL = 4.4 s) 
with a normal CFV (6 cm/s). This swallow is associated 
with impaired EGJ relaxation and bolus pressurization 
consistent with functional EGJ obstruction or an achalasia 
variant       
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associated with reduced DL should undergo a 
trial of empiric GERD therapy with a PPI.  

   Pharmacological Treatment 
 As with achalasia, nitrates and calcium channel 
blockers have been proposed to treat esophageal 
spastic motility disorders  [  20  ] . However, the 
ef fi cacy of these treatments in treating chest 
pain that is thought to be related to spasm is lim-
ited. Sildena fi l represents a new option to treat 
spastic motility disorders. It reduces pressure 
amplitude and propagation velocity in both con-
trols and patients with motility disorders. 
Preliminary data suggest it to be effective on 
relieving esophageal symptoms and in improv-
ing manometric  fi ndings in patients with spastic 
motility disorders  [  21,   22  ] . 

 Patients with rapid contraction and normal 
DL may respond to therapy focused on reduc-
ing visceral sensitivity. Low-dose antidepres-
sants can improve a patient’s reaction to pain 
without objectively improving motility function 
 [  23  ] . The only controlled trial showing ef fi cacy 
for this strategy was with the anxiolytic, traza-
done (serotonin uptake inhibitor), suggesting 
that reassurance and control of anxiety are 

important therapeutic goals  [  23  ] . Consistent 
with that conclusion, success has also have been 
reported using behavioral modi fi cation and bio-
feedback  [  24  ] .  

   Endoscopic Treatment 
 Although the rationale for dilation is unclear, 
some success has been reported in treating spas-
tic disorders with dilation. However, an impor-
tant caveat is that it is completely uncertain as to 
whether patients who bene fi tted from pneumatic 
dilation would not be more properly categorized 
as spastic achalasia or achalasia with esophageal 
compression, emphasizing the need for accurate 
manometric classi fi cation. 

 Botulinum toxin injection is a pathophysio-
logically attractive approach to treating patients 
with spastic disorders. Therapeutic trials suggest 
botulinum toxin can reduce chest pain  [  25  ] . The 
technique has not been standardized in this appli-
cation with some reports injecting botulinum 
toxin only at the level of the LES and others also 
injecting the distal esophagus  [  25  ] . No trial has 
yet compared botulinum toxin injection with 
other treatments.  

   Surgical Treatment 
 Long myotomy extending from the LES proxi-
mally onto the esophageal body has been used to 
treat patients with spastic disorders. The extent of 
the myotomy may be guided by manometric 
 fi ndings  [  26  ] . In an uncontrolled study, surgical 
treatment seemed more effective than medical 
treatment  [  26  ] .    

   Spastic Achalasia 

 Apart from improving the sensitivity of manom-
etry in the detection of achalasia, EPT has also 
de fi ned a clinically relevant sub-classi fi cation of 
achalasia  [  27  ] . In its most obvious form, achalasia 
occurs in the setting of esophageal dilatation with 
negligible pressurization within the esophagus 
(type I achalasia, Fig.  40.7a ). However, a substan-
tial pressurization within the esophagus can still 
occur in achalasia. In fact, a very common pattern 
includes esophageal compression  characterized 

   Table 40.3    Treatment of motility disorders   

 Treatment  Indications 

 Pharmacologic 
 Nitrates  DES, hypertensive peristalsis, 

spastic nutcracker (jackhammer) 
 Phosphodiesterase 
inhibitors 

 DES, hypertensive peristalsis, 
spastic nutcracker (jackhammer) 

 Calcium channel 
blockers 

 DES, hypertensive peristalsis, 
spastic nutcracker (jackhammer) 

 Antidepressants: 
tricyclic antidepres-
sant, serotonine uptake 
inhibitors 

 DES, hypertensive peristalsis, 
spastic nutcracker (jackhammer) 

 Endoscopic 
 Pneumatic dilation  Achalasia (DES?) 
 Botulinum toxin  Achalasia (DES?) 
 Surgical 
 Heller myotomy  Achalasia 
 Heller with long 
myotomy 

 DES (achalasia type 3?) 

 Behavioral 
(hypnotherapy) 

 DES, hypertensive peristalsis, 
spastic nutcracker (jackhammer) 
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by pan-esophageal pressurization that also coin-
cides with esophageal shortening noticeable by 
oral shift of the EGJ (type II achalasia, Fig.  40.7b ). 
It is important to not confuse this pattern with 
spastic achalasia (type III, Fig.  40.7c ) as the two 
subtypes are associated with very different treat-
ment outcomes  [  27  ] . Logistic regression analysis 
found that the presence of pan-esophageal pres-
surization was a signi fi cant predictor of a good 
treatment response, as opposed to poor predictive 
treatment response in spastic achalasia. These 
 fi ndings were recently validated in a large series 
of patients with achalasia reported in an Italian 
cohort  [  28  ] . Adopting these sub-classi fi cations 
will likely strengthen future prospective studies of 
treatment ef fi cacy in achalasia. Additionally, 
these data also support that the type III variant of 
achalasia may require adjunct therapy focused on 
the peristaltic abnormality, as this pattern is typi-
cally maintained despite effective treatment for 
the poorly relaxing LES.   

   Hypertensive Peristalsis 

 Vigorous esophageal contractions with normal 
propagation have been reported in association 
with chest pain  [  29  ] . The pathophysiology of 

hypertensive peristalsis is unclear, but it is believed 
to be related to either excessive excitation, reac-
tive compensation for increased EGJ obstruction, 
or myocyte hypertrophy  [  30  ] . An additional the-
ory proposed from a study using high-frequency 
intraluminal ultrasound is of asynchrony between 
the circular and longitudinal muscularis propria 
contractions, an anomaly that is reversed with 
atropine  [  31,   32  ] . The ultrasound  fi ndings further 
support the concept that excessive cholinergic 
drive could be an important pathophysiological 
component of these conditions. 

 The conventional manometric de fi nition of 
hypertensive peristalsis used the term “nut-
cracker” esophagus, de fi ned by a peak peristaltic 
amplitude > 180 mmHg over ten swallows using 
recordings at 3 and 8 cm above the LES  [  19  ] . 
Subsequently, the de fi ning peristaltic amplitude 
has been debated and more recent work suggests 
that the threshold should be increased to 
260 mmHg, a value that is more likely to be asso-
ciated with chest pain and dysphagia  [  29  ] . 

 The introduction of HRM and EPT has allowed 
further strati fi cation of hypertensive peristalsis to 
account for both excessive amplitude and abnor-
mal morphology of the peristaltic contraction. 
The summary metric for contractile activity, the 
DCI, with values >5,000 mmHg cm s, but less 

  Fig. 40.7    Achalasia subtypes. All three subtypes are 
characterized by impaired EGJ relaxation (IRP 
>15 mmHg). ( a ) In type I, there is absent peristalsis and 
negligible pressurization in the esophageal body, evident 
by the absence of any area circumscribed by the 30 mmHg 
isobaric contour ( black line ). ( b ) In type II, the peristalsis 
is also absent, but pan-esophageal pressurization occurs 
evident by the banding pattern of the 30 mmHg isobaric 
contour spanning the length of tubular esophagus. This 

represents elevated intrabolus pressure and is associated 
with contraction of the longitudinal muscle and the “shift” 
of the EGJ orally ( orange arrow ). ( c ) type III is character-
ized by spastic contractions (rapid contractile front veloc-
ity (CFV) and short distal latency (DL)) in the esophageal 
body, but the pressurization is also attributable to an 
abnormal lumen obliterating contraction and an associ-
ated contraction of the longitudinal muscle “shifting” the 
EGJ orally       
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than 8,000 mmHg cm s, is found in individuals 
with hypertensive peristalsis akin to “nutcracker” 
esophagus in conventional terms (Fig.  40.8a ). 
However, because values in this range are also 
encountered in normal individuals, they are 
classi fi ed as hypertensive peristalsis to avoid 
implying a pathological condition. In contrast, 
DCI values > 8,000 mmHg cm s are almost always 
associated with chest pain and dysphagia. These 
patients appear to have a more exaggerated pat-
tern of hypercontractility that is repetitive and 
more akin to a “jackhammer” than a “nutcracker” 
(Fig.  40.8b ). The current version of the Chicago 
Classi fi cation refers to this condition as spastic 
“nutcracker” (Table  40.2 ); however, that nomen-
clature is confusing given the fact that this entity 
is not associated with a rapid or premature con-
traction, features consistent with spasmodic con-
tractility. The clinical relevance of “nutcracker” 
or “jackhammer” esophagus is still unclear. 
Nonetheless, focusing future trials on patients 
with a DCI >8,000 mmHg cm s rather than the 
lower threshold of 5,000 is more likely to identify 
a homogeneous population potentially amenable 
to pharmacological treatment focused on reduc-
ing contractility.  

   Pharmacologic Treatment 
 The same therapeutic options utilized for DES 
have also been advocated for patients with hyper-
tensive peristalsis. Smooth muscle relaxants such 
as calcium channel blockers and nitrates have 
been used for these disorders. Although they 
reduce peristaltic amplitude, neither has been 
shown to relieve chest pain or dysphagia in clini-
cal trials. Sildena fi l is an appealing alternative 
due to its profound effect of reducing contraction 
amplitude and potentially reducing the occur-
rence of repetitive contractions  [  33  ] . Again, any 
supportive clinical trial data are absent. Finally, 
botulinum toxin injection in the esophageal mus-
cle with or without endoscopic ultrasound guid-
ance may be an option for patients with refractory 
symptoms. 

 Due to a potential overlap of the diagnosis of 
hypertensive peristalsis with GERD and the 
observation that many of these patients have 
coexistent psychological distress, therapy focused 
on modulating acid secretion, visceral sensitivity, 
and stress has been attempted. Proton pump 
inhibitors have been proposed to treat hyperten-
sive peristalsis based on the hypothesis that 
GERD can induce chest pain and hypertensive 

  Fig. 40.8    Hypertensive peristalsis and spastic “nut-
cracker” (“jackhammer”) esophagus. ( a ) Hypertensive 
contractions are de fi ned by a DCI > 5,000 mmHg cm s. 
This example is associated with a hypercontractile LES, 

but normal EGJ relaxation. ( b ) An extremely abnormal 
contraction in a spastic nutcracker patient with repetitive 
prolonged contractions evoking the action of the 
jackhammer       
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peristalsis  [  34  ] . Similarly, treatment with low-
dose tricyclic anitdepressants may reduce con-
tractions via the anitcholinergic effect and may 
alter visceral sensitivity.   

   Hypercontractile LES 

 The LES is a 2–4 cm segment of smooth muscle 
that exhibits tonic contraction at rest and is mod-
ulated by various afferent stimuli from the 
oropharynx, esophagus, and stomach, unlike the 
smooth muscle of the esophageal body that is 
phasic and relaxed at rest and will only exhibit 
tone or contraction upon stimulation. Basal tone 
at the intrinsic LES is a composite of three mech-
anisms: (1) independent myogenic tone, (2) cho-
linergic excitatory tone, and (3) nitric oxide 
derived inhibitory tone. The excitatory and inhib-
itory in fl uences are important in controlling basal 
tone and are also important in generating LES 
relaxation during swallowing. Preganglionic cho-
linergic nerves arising from the caudal DMN 
synapse onto the inhibitory myenteric neurons 
which then effect LES relaxation through NO 
and VIP neurotransmitters. Preganglionic nerves 
from the rostral DMN synapse on excitatory 
myenteric neurons which contain acetylcholine 
to effect LES contraction. The inhibitory and 
excitatory myenteric nerves are also modulated 
by sensory input from the esophagus and stom-
ach thus affecting LES baseline tone. Esophageal 
distension stimulates the inhibitory pathways 
often leading to LES relaxation akin to the 
deglutitive re fl ex, while phase III of the gastric 
migrating motor complex can augument the basal 
tone above the normal expiratory basal pressure 
range of 10–35 mmHg. 

 Relaxation of the sphincter secondary to swal-
lowing and subsequent distention of the striated 
muscle occurs through inhibitory input via a cen-
trally mediated vago-vagal re fl ex. Relaxation that 
arises secondary to distention within the esopha-
geal smooth muscle is controlled through the 
re fl exes of the myenteric plexus and, hence, not 
abolished by vagotomy. Once a stimulus is acti-
vated, the LES relaxes for approximately 8–10 s. 
The LES also exhibits an after-contraction that 

lasts approximately 7–10 s and this contraction 
likely represents a balance between the off-con-
traction induced by the dissipation of the nitrer-
gic in fl uence and the augmentation of 
on-contraction induced by the excitatory 
cholingeric in fl uence. 

 The hypertensive LES and the hypercontrac-
tile LES are usually associated with normal 
latency and intact propagation and thus, are not a 
manifestation of impaired inhibition. More likely, 
these disorders represent an over-activity of the 
excitatory nerves or an over-activity of the smooth 
muscle response to excitatory input. Although 
there is overlap between the two disorders  [  9  ] , 
they are distinguished by the extent and timing of 
the contractile augmentation . The hypertensive 
LES is de fi ned by a basal expiratory pressure 
greater than 35 mmHg (Fig.  40.9a ), while the 
hypercontractile LES is de fi ned by the presence 
of a focus of hypertensive contraction >180 mmHg 
during the after-contraction. The latter motor dis-
order has recently been described by EPT using a 
mean DCI of > 5,000 mmHg s cm and de fi ning 
the location of the contraction within the segment 
of peristaltic contraction aboral to the distal pres-
sure trough. Given the location and the threshold 
value of the contraction, this disorder has also 
been referred to as the “nutcracker LES” 
(Fig.  40.9b ).  

 The extent to which hypercontractile LES 
contributes to the symptoms of dysphagia and 
chest pain cannot be isolated in light of its coex-
istence with vigorous esophageal contractions 
(Fig.  40.5a )  [  29  ] . Since heartburn can be the most 
frequent symptom in patients presenting with 
hypertensive LES  [  35  ] , gastroesophageal re fl ux 
needs to be ruled out before proceeding with fur-
ther treatment focused on reducing contractile 
vigor. Case reports suggest that some cases of 
hypercontractile LES may respond to therapy 
focused on inducing smooth muscle relaxation 
with nitrates and calcium channel blockers; how-
ever, no controlled trials have been performed to 
con fi rm this response. Additionally, some inves-
tigators have advocated using botulinum toxin to 
reduce the presynaptic release of acetylcholine 
from the myenteric neurons innervating the 
LES.   
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   Conclusion 

 Spastic and hypercontractile esophageal motility 
disorders are diagnosed and classi fi ed using the 
gold standard, high-resolution esophageal manom-
etry with esophageal pressure topography display. 
The major recognized disorders are distal esopha-
geal spasm, spastic achalasia, hypercontractile 
(jackhammer), hypertensive peristalsis (nut-
cracker), and the hypercontractile LES. The most 
common symptoms associated with these condi-
tions are typically dysphagia and chest pain and 
therapy is typically focused on reducing contractil-
ity with smooth muscle relaxants. Patients with 
borderline abnormalities or phenotypes that more 
closely resemble weak peristalsis or normal peri-
stalsis should have therapy focused on reducing 
visceral sensitivity or acid suppression if GERD is 
a possibility and the presenting symptoms are asso-
ciated with heartburn, regurgitation, or extra-esoph-
ageal complaints, such as cough and hoarseness. 
Further studies utilizing the improved diagnostic 
accuracy of HRM are required to improve manage-
ment of patients with spastic disorders.      
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   Epidemiology 

 On a global basis, esophageal squamous cell car-
cinoma (ESCC) is still the leading cancer in the 
esophagus, and it is ranked as the eighth in inci-
dence and the sixth in mortality among tumors of 

all sites  [  1  ] . However, its incidence varies 
signi fi cantly among different geographic and eth-
nic subgroups (Table  41.1 )  [  2,   3  ] . The Asian 
Esophageal Cancer Belt includes western and 
northern China, Mongolia, southern parts of the 
former Soviet Union, Iran, Iraq, and eastern 
Turkey. The highest incidence, 700 per 100,000, 
was reported in Linxian, China  [  4  ] . The multifac-
torial causes for this high incidence are still to be 
further elucidated, but they likely include ciga-
rette smoking, excessive alcohol use, dietary 
habit (vitamin de fi ciency etc.), different food 
processing, environmental exposure, etc.  
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 The incidence of ESCC in United States has 
been declining since 1973. This is in line with the 
decrease of adult cigarette smoking rate from 
about 42 % in the 1960s to about 20 % currently 
according to Centers for Disease Control and 
Prevention (CDC) reports. However, this 
decline of cigarette smoking has been stalled 
and caused signi fi cant public health concerns as 
we failed to drop below 12 %, a goal set by 
 Healthy People 2010 . 

 Although the esophageal adenocarcinoma has 
surpassed ESCC since the early 1990s, a high 
incidence is still seen among urban population 
and African Americans  [  1  ] , and patients with cer-
tain comorbidities such as achalasia, head and 
neck cancer, tylosis, etc. (Table  41.4 ). The inci-
dence among African-American men (16.8 per 
100,000) is  fi ve times higher than Caucasians 
(3.0 per 100,000)  [  5  ]  and the mortality is three 
times higher. In Western countries, the consump-
tion of tobacco and alcohol could explain more 

than 90 % of the ESCC cases  [  6  ] . This higher 
ESCC rate among African Americans parallels 
with the higher adult cigarette smoking rates. 
According to Surveillance, Epidemiology, and 
End Results (SEER) cancer registry data from 
1992 to 1998, the ESCC incidence rates for 
Native American and white Hispanics were not 
higher than the general population.  

   Diagnosis 

 Patients with ESCC may present with dysphagia, 
weight loss, cough, and GI bleeding (hemateme-
sis and/or melena). But there is no speci fi c physi-
cal  fi nding for ESCC, and rarely lymph nodes in 
the periphery could be appreciated. For cases 
with metastatic lesions, hepatomegaly could be 
present (Fig.  41.1 ).  

 The followings modalities are commonly used 
to establish the diagnosis of ESCC.

   Table 41.1    Incidence of esophageal squamous cancer in selected regions of the world   

 Region 
 Incidence (per 100,000) 

 Locality  Male  Female 

 Asian esophageal cancer belt  >100  >100 
 China  Yangcheng  135.2  84.4 

 Tianjin  16.6  8 
 India  Kashmir  42.6  27.9 

 Bombay  11.4  8.9 
 Bangalore  6.6  5.3 

 Europe 
 Northern Europe  <4.0  <2.0 
 Eastern Europe  <4.0  <2.0 
 France  Calvados  26.5  – 
 UK  East Scotland  8.5  4.3 

 England and Wales  6.5  3.2 
 South America 
 Uruguay  40  – 
 Brazil  Porto Alegre  26.3  7.8 
 North America 
 USA  Los Angeles  16.4  4.9 

 Washington DC 
 Black  16.9  4.5 
 White  4.1  1.7 

 Africa 
 Transkei  37.2  21.1 

  Source: Ribeiro et al. British Journal of Surgery 1996; 83: 1174–185  
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    1.    Esophagogastroduodenoscopy (EGD) with 
lugol sprays 
 Lugol solution has been used in medicine 
since 1985. During EGD exam, lugol solu-
tion, approximately 10–20 ml of 1.5 % Lugol 
iodine solution (but the concentration may 
vary), is applied through a catheter over the 
entire esophagus. Since lugol solution con-
tains potassium iodine and iodine, it should 
be avoided in patients with hyperthyroidism 
or iodine allergy. Some authors believe that 
patients with hypopharyngeal tumors are not 
candidates unless under endotracheal intuba-
tion due to concerns of possible laryngeal 
edema caused by iodine. 

 The lugol staining pattern is associated 
with the degree of glycogen within the 
squamous epithelium  [  7  ] , and a squamous cell 
carcinoma does not include glycogen, hence is 
not stained and a clear identi fi cation is feasi-
ble. This enables the endoscopist to visualize 
the dysplastic areas as lugol-voiding lesions 

(LVLs). Biopsies could then target at these 
LVLs to increase the yield. The overall sensi-
tivity is 96–100 % and speci fi city varies from 
40 to 95 %. It could also be used for intraop-
erative determination of tumor margin to assist 
the surgical resection. 

 LVLs could also be of prognostic value. In 
a study of 227 patients with head and neck 
squamous cell carcinoma (HNSCC), those 
with no LVLs did not have metachronous 
ESCC during median follow-up of 28 months; 
however, 15 % of those with numerous irregu-
lar LVLs lesions developed ESCC  [  8  ] . One 
study examined the nondysplasia epithelium 
(NDE) from lugol-voiding lesions, and it 
found 20 % of them had  p53  hotspot mutation, 
and 40 % among dysplasia epithelium in con-
trast to no  p53  mutations in 103 paired NDE 
samples with normal Lugol staining. It was 
also suggested that the chance of  fi nding dys-
plasia was much higher from a patient with 
more LVLs than those with fewer ones. 

  Fig. 41.1    Layers of esophagus and stages of esophageal cancer. From Rice WR: Diagnosis and staging of esophageal carci-
noma. From F.G. Pearson et al. Esophageal surgery, 2nd ed. New York: Churchill Livingstone; 2002:687 with permission       
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 EGD with lugol spray is currently consid-
ered as the most effective noninvasive way to 
diagnose squamous cell dysplasia and ESCC. 
Other newer methods such as narrow band 
imaging (NBI) or auto fl uorescence imaging 
(AFI) have been compared with lugol spray to 
assess their accuracy.  

    2.    Narrow band imaging (NBI) 
 NBI is a novel noninvasive endoscopic 
approach to visualize the microvasculature on 
the tissue surface. Compared to WLE, NBI 
imaging only uses blue light at 415 nm and 
green light at 540 nm, which gives hemoglo-
bin special absorption characteristics. Thus it 
provides better  visualization of super fi cial and 
subsurface vessels that helps the ESCC detec-
tion. Often time the ESCC lesion appears red-
dish, likely due to microvascular proliferation 
and/or dilation. 

 In one nonrandomized study of head and 
neck squamous cell carcinoma (HNSCC) 
patients, NBI endoscopy with magni fi cation 
was shown to have very high sensitivity, 
speci fi city, accuracy, positive predictive value, 
and negative predictive value (100 %, 97.5 %, 
97.8 %, 83.3 %, and 100 %, respectively)  [  9  ] . 
In another multicenter, prospective, random-
ized controlled trial with 320 patients, NBI 
was shown to have 97 % sensitivity for 
super fi cial ESCC. 

 As to high-grade dysplasia, one study 
showed the intraepithelial papillary capillary 
loop (IPCL) patterns were very helpful, but 
the sensitivity and speci fi city are not satisfac-
tory in contrast to a recent meta-analysis that 
demonstrated NBI was very sensitive (96 %) 
and speci fi c (94 %) in detecting high-grade 
dysplasia (HGD) and  intramucosal adenocar-
cinoma for Barrett’s esophagus. It is notewor-
thy that all studies in this meta-analysis used 
NBI from a GIFQ240Z scope, an instrument 
maintains the capabilities of a standard video 
endoscope, but also affords a continuous 
range of image magni fi cation adjustment up 
to X80. 
 However, NBI is not useful for detecting the 
depth of esophageal lesions based on current 
studies.  

    3.    Auto fl uorescence imaging (AFI) videoendo-
scopy 
 When white light from the xenon lamp travels 
through a special optical  fi lter, only the blue 
excitation light at 390–470 nm and green 
re fl ected light at 540–560 nm penetrate through. 
Interestingly, the blue excitation light can cause 
living tissue to emit autofl uorescence   , which 
passes through another  fi lter and is then captured 
by the CCD at the end of the scope. AFI system 
works by combining auto fl uorescence (from 
blue light) and re fl ectance (from green light) to 
differentiate the neoplastic lesions (appears pur-
ple or magenta) from normal background 
(green). For the EGD scope that is equipped with 
AFI, the endoscopist can simply press the AFI 
button to switch from regular white light endos-
copy (WLE) to AFI. However, the  fl at or 
depressed ESCC lesions appears to be dark 
green, which makes it very dif fi cult to distin-
guish from the green color from normal 
squamous cell background  [  10  ] . Because of this, 
AFI was considered not as sensitive as narrow 
band imaging (NBI) for these  fl at or depressed 
lesions, making it a less attractive method, 
despite that AFI had higher ESCC detection rate 
(79 %) compared to WLE (51 %). A multicenter 
randomized trial showed that in detecting dys-
plasia and early cancer from Barrett’s mucosa, 
the sensitivity, speci fi city, positive predictive 
value, and negative predictive value for AFI were 
42 %, 92 %, 12 %, 98.5 %, respectively. Thus at 
the current time, AFI is best used as a comple-
mentary method    and not a screening test due to 
the low sensitivity. 

 AFI has been also used in bronchoscopy and 
colonoscopy for squamous cell carcinoma of 
the lungs and dysplasia among ulcerative colitis 
patients in some studies with various results.  

    4.    Confocal laser endomicroscopy (CLE) 
 CLE is a new technology that allows in vivo 
examination of histopathology at the cellular 
and subcellular levels by using cellular and 
vascular criteria. The term “confocal” refers 
to the alignment of both illumination and col-
lection systems in the same focal plane. The 
laser light could be focused at the different 
layers of the tissue of interest. Then the 
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re fl ected light from this layer is refocused and 
allowed to pass back to the lens in the endo-
scope and to be processed and presented on 
the monitor. Thus, different depths of the tis-
sue can be examined in vivo, the so-called 
optical biopsy. Fluorescent contrasts, either 
intravenously or sprayed topically, can 
enhance the quality of CLE imaging  [  11  ] . 

 In a recent study, CLE provided an in vivo 
diagnosis in 21 patients who had known 
ESCC, and the sensitivity and speci fi city using 
histology as gold standard were 100 % and 
95 %, respectively. It holds promise for deter-
mination of the depth of squamous cell esoph-
ageal cancer  [  12  ] . Another CLE study after 
Lugol spray and intravenous  fl uorescein 
sodium showed the overall accuracy was 
95 %, and the sensitivity and speci fi city were 
100 % and 87 %, respectively. Intraobserver 
agreement was almost perfect (kappa = 0.95) 
and interobserver agreement was substantial 
(kappa = 0.79)  [  13  ] . 

 CLE would potentially enable the endosco-
pist to proceed directly to endoscopic therapy, 
saving time and avoiding expensive and 
unnecessary further endoscopies. However, 
due to the limited tissue in fi ltration from the 
blue laser light, CLE may not be the right 
choice for submucosal lesions.  

    5.    Endoscopic ultrasound (EUS) 
 After systematic metastatic lesions are ruled 
out for ESCC patients, EUS could be per-
formed by using either conventional EUS 
scope or miniprobe sonography (MPS) through 
the regular endoscope channel. It is considered 
as the most accurate noninvasive method for T 
staging and for evaluation of the lymph nodes 
in the areas around the esophagus. It could also 
evaluate other organs such as the adrenal 
glands, pancreas, liver, bile ducts, mediastinal 
structures, etc. Final needle biopsy (FNA) of 
the lymph nodes can be done if necessary. 
However, it is dif fi cult to distinguish T1a and 
T1b lesions sometimes even with MPS. When 
a patient has scarring from previous radiation 
therapy, endoscopic resection, or signi fi cant 
ongoing in fl ammation, it is also very challeng-
ing to provide accurate information. Despite 

all of these, the overall T staging accuracy of 
EUS is 85 %–90 % as compared with 
50 %–80 % for CT; the accuracy of regional 
lymph nodes staging is 70 %–80 % for EUS 
and 50 %–70 % for CT  [  14,   15  ] . However, a 
recent review showed  [  16  ]  T-stage from EUS 
had concordance of only 65 % when compared 
with pathology specimens obtained by endo-
scopic mucosal resection (EMR) or surgery. 

 MPS is a small probe that could safely pass 
through a tight stricture or narrowing, and it 
could achieve higher resolution by using 
higher frequency. The use of MPS can also 
represent an improvement in the comfort and 
safety and is highly cost-effective  [  17  ] . The 
drawbacks for MPS are (1) inability to per-
form real-time ultrasound controlled biopsy; 
and (2) lower penetration depth due to higher 
frequency used, which means a decreased 
ability to assess structures (lymph nodes, etc.) 
that are further away from the GI tract.  

    6.    Radiology: esophagraphy/CT/PET/MRI 
 An esophagram with barium swallow could 
identify a mass lesion for patients with dys-
phagia. However, this role has been largely 
supplanted by EGD, which could in addition 
provide biopsy of suspected tissues. Once 
high-grade dysplasia or mucosal ESCC are 
identi fi ed, chest CT with or without PET scan 
could be used to assess systemic involvement. 
This global evaluation of a patient’s metastatic 
status (M and N staging) should be performed 
before EUS. 

 For T staging, EUS is superior to PET scan, 
which can only be considered when EUS or 
CT is inadequate. For N staging, EUS can 
more reliably distinguish the primary tumor 
from periesophageal lymph nodes based on a 
review in 2007. In centers with adequate expe-
rience, EUS should be the  fi rst choice, unless 
it cannot be performed due to a severe steno-
sis. For M staging, PET scan has clear advan-
tage for detection of disease beyond the celiac 
axis; however, it is challenging to differentiate 
the regional node, N1 node, and the celiac axis 
M1a node. As to the overall impact on the 
management, PET scan changed 17 % of 
patients from curative to palliative, 4 % from 
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palliative to curative, and another 17 % change 
in treatment modality or delivery based on the 
results from a study of 68 esophageal cancer 
patients. 

 United States Preventive Services Task 
Force (USPSTF) recommends PET scan to 
improve the accuracy of M staging for 
patients who are potential candidates for 
curative therapy; however, no adequate 
research examined the value to predict 
response to neoadjuvant therapy or to evaluate 
the suspected recurrence. 

 Recently, the accuracy of diffusion-
weighted MR imaging for postoperative nodal 
recurrence of esophageal squamous cell can-
cer was found comparable to FDG-PET  [  18  ] . 
The role of MRI needs more investigation to 
be further de fi ned.  

    7.    Thoracoscopy and laparoscopy 
 Some surgical centers use these methods for 
esophageal cancer staging because of the 
superiority over noninvasive methods. Indeed, 
an intergroup trial of 107 patients reported 
that thoracoscopy and laparoscopy could 
increase the detection rate of positive lymph 
nodes from 41 % when using noninvasive 
staging tests (e.g., CT, MRI, EUS) to 56 % by 
thoracoscopy and laparoscopy, and no major 
complications or deaths were reported [  19–  21  ] . 
A more recent study in 2002 examined 111 
esophageal cancer patients and compared the 
thoracoscopy and laparoscopy vs. noninvasive 
methods such as CT, MRI, and/or EUS, and it 
showed very low concordance ranging from 
14 % to 25 % for TMN staging. This paper 
also pointed out that when compared with the 
 fi nal surgical pathology, a 100 % speci fi city 
and positive predictive value were achieved by 
thoracoscopy and laparoscopy staging in the 
diagnosis of lymph node metastasis. Although 
the sensitivity was about 75 % (vs. 45 % from 
noninvasive tests), the accuracy of thoracos-
copy and laparoscopy could reach 90.8 % and 
96.4 % in chest and abdomen metastases, 
respectively; these values were signi fi cantly 
higher than noninvasive staging methods 
(58 % and 68 %, respectively, for chest and 
abdomen)  [  22  ] .      

   Staging 

 The typical workup includes CT scan of chest 
(and abdomen if advanced lesions are suspected), 
whole body PET (integrated PET-CT is pre-
ferred), and endoscopic ultrasound if no meta-
static lesions are found, then surgical consult 
should be offered if it is considered as resectable. 
The American Joint Committee on Cancer 
(AJCC) recently released its seventh edition of 
cancer staging manual (Table  41.2 ).   

   Prognostication 

 The most signi fi cant prognostic factor is TNM 
staging, although emerging biomarkers could 
also explain some of the variations in survival.
    1.    TNM staging 

 An early study in the 1990s showed that early 
ESCC lesions that did not invade through mus-
cularis mucosa had low lymph node metastasis 
rate (2–4 %) or vascular invasion (8 %)  [  23, 
  24  ] . Resection of such lesions yielded excel-
lent prognosis with 5-year survival of 90–100 % 
 [  25–  28  ] . It was also reported that tumor bud-
ding, the isolated cancer cells, or microscopic 
clusters of undifferentiated cancer cells (usu-
ally less than  fi ve cancer cells) outside the 
tumor margin was associated with signi fi cantly 
lower 5-year survival rates  [  29  ] . 

 The number of lymph node metastases was 
found to impact the survival. In a retrospective 
study of 1,149 ESCC patients, the overall 
5-year survival rates for the patients with 0, 1, 
and  ³ 2 positive nodes were 59.8, 33.4, and 
9.4 %, respectively. And the stage-speci fi c 
5-year survival for T2N1M0 and T3N1M0 
was signi fi cantly higher in the group with one 
positive lymph node than the group with  ³ 2 
positive nodes (T2N1M0: 41.5 vs. 24.1 %; 
T3N1M0: 31.2 vs. 6.8 %)  [  30  ] . 

 Among the ESCC patients with negative 
lymph nodes who generally have good 5-year 
survival, the  fi nding of positive lymphatic 
invasion was linked to higher risk for hematog-
enous dissemination  [  31  ] . This is the result 
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   Table 41.2    TNM staging of esophageal squamous cell cancer (SCC)   

  Part-1  
 Primary tumor (T) a  
 TX  Primary tumor cannot be assessed 
 T0  No evidence of primary tumor 
 Tis  High-grade dysplasia b  
 T1  Tumor invades lamina propria, muscularis mucosae, or submucosa 
 T1a  Tumor invades lamina propria or muscularis mucosae 
 T1b  Tumor invades submucosa 
 T2  Tumor invades muscularis propria 
 T3  Tumor invades adventitia 
 T4  Tumor invades adjacent structures 
 T4a  Resectable tumor invading pleura, pericardium, or diaphragm 
 T4b  Unresectable tumor invading adjacent structures, such as aorta, vertebral body, trachea, etc. 
 Regional lymph nodes (N) c  
 NX  Regional lymph node(s) cannot be assessed 
 N0  No regional lymph node metastasis 
 N1  Metastasis in 1–2 regional lymph nodes 
 N2  Metastasis in 3–6 regional lymph nodes 
 N3  Metastasis in seven or more regional lymph nodes 
 Distant metastasis (M) 
 M0  No distant metastasis 
 M1  Distant metastasis 
  Part-2  
 Histologic grade (G) 
 GX  Grade cannot be assessed—stage grouping as G1 
 G1  Well differentiated 
 G2  Moderately differentiated 
 G3  Poorly differentiated 
 G4  Undifferentiated—stage grouping as G3 squamous 
 Anatomic stage/prognostic groups 
 Squamous cell carcinoma d  
 Stage  T  N  M  Grade  Tumor location e  
 0  Tis (HGD)  N0  M0  1, X  Any 
 IA  T1  N0  M0  1, X  Any 
 IB  T1  N0  M0  2–3  Any 

 T2-3  N0  M0  1, X  Lower, X 
 IIA  T2-3  N0  M0  1, X  Upper, middle 

 T2-3  N0  M0  2–3  Lower, X 
 IIB  T2-3  N0  M0  2–3  Upper, middle 

 T1-2  N1  M0  Any  Any 
 IIIA  T1-2  N2  M0  Any  Any 

 T3  N1  M0  Any  Any 
 T4a  N0  M0  Any  Any 

 IIIB  T3  N2  M0  Any  Any 
 IIIC  T4a  N1-2  M0  Any  Any 

(continued)
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from a study of 88 consecutive patients with 
ESCC who underwent three- fi eld lymph node 
dissection and no positive lymph nodes were 
found initially. Among those patients who 
eventually have lymph node invasion, the inci-
dence of lymphatic invasion was higher than 
vascular invasion (79 % vs. 38 %), suggesting 
that lymphatic invasion was more commonly 
seen than vascular invasion. Both lymphatic 
and vascular invasion were independently 
associated with poor survival (relative risk of 
4.9 and 3.5, respectively).  

    2.    Biomarkers 
 CIAPIN1 is a downstream effector of the 
receptor tyrosine kinase-Ras signaling path-
way in animal cell lines. The decreased expres-
sion of CIAPIN1 was statistically correlated 
with the lower degree of differentiation, more 
depth of invasion, and lymph node metastasis 
among ESCC patients. Consistently, the sur-
vival rates of patients with CIAPIN1-negative 
tumors tended to be statistically lower than 
those with CIAPIN1-positive tumors.  [  32  ]  

 Higher tumor-speci fi c expression of survivin, 
a member of the inhibitors of apoptosis gene 
family, has been found to be a signi fi cant marker 
for poorer survival for ESCC but not esophageal 
adenocarcinoma. The disease-speci fi c survival 
rate of patients with low survivin mRNA expres-
sion was greater than those with high survivin 
(43 % vs.12 % at 5 years)  [  33  ] . 
 Serum squamous cell carcinoma (SCC) anti-

gen positivity, which indicates the circulating 
esophageal squamous cancer cells in peripheral 

blood, was found more often among advanced 
ESCC, but its prognostic value is limited  [  34,   35  ]  

 Over-expression of CyclinD1, an amino acid 
frequently expressed in G1 phase of the cell 
cycle, was thought to play an important role in 
cell growth and cancer progression. On the other 
hand, E-Cadherin, the most essential of the 
Cadherin family which is the backbone of cell to 
cell adhesion, is also a key molecule in the initial 
step of cancer cell invasion. Increased CyclinD1 
expression and reduced E-Cadherin expression 
was a signi fi cant prognostic factor in patients 
with esophageal squamous cell carcinoma  [  36  ] .      

   Prevention 

     1.    Reduce exposures to risk factors 
 Carcinogenesis of ESCC is a complex process 
and no single risk factor can explain the varia-
tions of incidence rates among different 
groups. These potential factors may also exert 
synergistic impact on each other during this 
multistep carcinogenesis (Table  41.3 ). 
   (a)    Tobacco and alcohol 

 It is undisputable that tobacco and alcohol, 
acting alone or synergistically, are the 
signi fi cant risks for ESCC. In one study, the 
signi fi cant synergistic impact of cigarette 
smoking and alcohol drinking on the risk of 
ESCC was staggering (odds ratio = 50). 
Population attributable risk (PAR), the dif-
ference in rate of a condition between an 
exposed population and an unexposed pop-

Table 41.2 (continued)

 T4b  Any  M0  Any  Any 
 Any  N3  M0  Any  Any 

 IV  Any  Any  M1  Any  Any 

  Note: cTNM is the clinical classi fi cation, pTNM is the pathologic classi fi cation 
 The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010) published by Springer 
New York 
  a At least maximal dimension of the tumor must be recorded and multiple tumors require the T(m) suf fi x 
  b High-grade dysplasia (HGD) includes all noninvasive neoplastic epithelia that was formerly called carcinoma in situ, 
a diagnosis that is no longer used for columnar mucosae anywhere in the gastrointestinal tract 
  c Number must be recorded for total number of regional nodes sampled and total number of reported nodes with metastasis 
  d Or mixed histology including a squamous component or NOS 
  e Location of the primary cancer site is de fi ned by the position of the upper (proximal) edge of the tumor in the 
esophagus  



58741 Benign and Malignant Tumors of the Esophagus

ulation, for the ever-smokers who consumed 
more than 30 alcoholic drinks per week 
were 56.9 % and 44.9 %, respectively. 
Tobacco and alcohol use was also associ-
ated with higher numbers of dysplasia 
lesions, and  p53  and  p21  gene mutations 
were also linked to ESCC during the early 
stage of the neoplasia evolving process. 

 The risk varies among different types of 
smoking (pipe and cigar smoking have higher 
risk) and alcohol beverage. Interestingly, the 
polymorphisms in acetaldehyde dehydroge-
nase 2 (ALDH2), which could cause  fl ushing 
after alcohol use, was found to be a useful 
sign identifying individuals susceptible to 
ESCC development  [  37  ] .  

   (b)    Achalasia 
 In Greek achalasia means “do not relax.” It 
is a condition that causes no peristalsis in 
the distal segment of esophagus where the 
musculature is mainly smooth muscle and 
inability to relax the LES (lower esopha-
geal sphincter). This is likely the result of 
neuron degeneration in the myenteric plex-
uses from many reasons such as 
in fl ammation, infection, in fi ltration, etc. 
The annual incidence is approximately 1 
case per 100,000, and both genders are 
equally affected. The features of achalasia 
include dysphagia for solids and liquid, 
excessive belching, etc. The diagnosis can 
be established by symptoms, barium swal-
low, esophageal manometry, and EGD 

exam. The relation between achalasia and 
esophageal carcinoma was  fi rst reported 
by Fagge in 1872. 

 Because achalasia patients often have 
dif fi culty in swallowing at baseline, clini-
cians should have low threshold to initiate a 
new workup plan for ESCC among these 
patients. Studies have shown that these 
cases were often diagnosed late and the 
prognosis was very dismal. However, close 
endoscopy surveillance does not seem cost-
effective, and other modalities such as blind 
brush cytology still warrant research. Even 
so the surveillance should be carried out 
among those who are  fi t enough to undergo 
surgical resection if tumors are found. 

 Regardless of treatment or not, one 
report showed 8.6 % of achalasia patients 
could have ESCC in 15–20 years after the 
onset of symptoms  [  38  ] . In another study 
of 1,062 achalasia patients (9,864 person–
year follow-up), 2.3 % had ESCC, a 16-fold 
increase of cancer risk compared to general 
population  [  39  ] . It is very dif fi cult to deter-
mine the true prevalence of ESCC among 
the achalasia patients, as it varies from 
1.7 % to even 20 %. Likely this variation is 
due to different referral base and length of 
follow-up. One study showed the mean 
interval between the diagnosis of achalasia 
and carcinoma was 5.7 years.  

   (c)    Tylosis 
 Tylosis (focal non-epidermolytic palmo-
plantar keratoderma), an autosomal domi-
nant skin disorder with thickening of the 
skin in the palms and soles, was associated 
with a high risk of squamous cell carci-
noma. It was  fi rst described in 1958 in two 
large Liverpool families. The causative 
locus, the tylosis esophageal cancer (TOC) 
gene, has been localized to a small region 
on chromosome 17q25. Studies on loss of 
heterozygosity (LOH) have indicated a 
role for the TOC gene in sporadic squamous 
cell esophageal cancer and Barrett’s ade-
nocarcinoma. About half of tylosis patients 
may develop ESCC by 45 years old or 
95 % by the age of 65  [  40,   41  ] .  

   Table 41.3    Risks associated with ESCC   

 Environmental/dietary/
behavior factors 

 Host factors 

 Tobacco  Ethnicity (African American) 
 Alcohol  Head and neck squamous 

cell carcinoma 
 Nitrosamines/its 
precursors (Barbeque) 

 Tylosis 

 Hot liquid  Achalasia 
 Nutritional de fi ciency  Lichen planus 
 Caustic injury (lye)  Scleroderma 
 Radiation  Plummer–Vinson syndrome 
 Agent orange (case 
reports) 
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   (d)    Scleroderma 
 Scleroderma is skin thickening and hard-
ening associated with many different med-
ical conditions, and it is called systemic 
sclerosis when other organs/systems are 
also involved. Most of these patients have 
manifestations in GI tract and half of them 
may be asymptomatic. In the esophagus, it 
predominantly causes distal esophageal 
hypomotility and weak lower esophageal 
sphincter pressure, although the upper 
sphincter pressure and proximal esopha-
geal motility is normal. And clinically it 
can present as heartburn, dysphagia, etc. 
and it is associated with esophagitis, ulcer-
ation, strictures, Barrett’s esophagus, 
spontaneous esophageal rupture, esopha-
geal adenocarcinoma, or ESCC. On esoph-
ageal manometry, it has distinctive features 
of low contractility and inability to relax 
the LES. 

 Both ESCC and adenocarcinoma of the 
esophagus were found among up to 70 % 
of scleroderma patients in an early study in 
1979  [  42  ] . However, a more recent review 
of seven studies showed that the link 
between scleroderma and cancer was not 
overwhelming with probably a modest 
increase in lung cancer  [  43  ] . This cancer 
risk might be much lower among localized 
scleroderma (morphea) patients.  

   (e)     Head and neck squamous cell carcinoma 
(HNSCC) 
 It is well known that some patients with 
HNSCC could have either synchronous 
(found around the time of HNSCC diagno-
sis) or metachronous ESCC (diagnosed 
during follow-up)  [  44  ] . SEER data from 
1973 to 1987 showed the incidence of 
esophageal cancer was about 1.6 % among 
21,371 HNSCC patients, a 23 times 
increase of risk compared to general popu-
lation  [  45  ] . One study showed 5 % of 389 
patients were found to have synchronous 
esophageal squamous cell carcinomas 
within 1 year after the diagnosis of HNSCC 
 [  46  ] . It also revealed that metachronous 
ESCC was found more often among 

hypopharyngeal cancer patients (about 
16 %) than in laryngeal, oropharyngeal, or 
oral cancer patients. By combining seven 
studies with a total of 25,834 HNSCC 
patients, the rough estimate of esophageal 
cancer is about1.6 %. 

 Although no societal guideline is avail-
able, some authors suggested panendo-
scopic examination (bronchoscopy, 
pharyngo-esophagoscopy, and laryngos-
copy) in patients with early stage head and 
neck cancer at the time of diagnosis and 
then every 6 months for 5 years  [  47  ] .  

   (f)    Human papillomavirus (HPV) 
 The relationship between HPV infection 
and ESCC remains controversial. It was 
demonstrated in a high-risk population in 
China, but not in low-risk patients in 
Europe  [  48–  50  ] .      

   2.    Preventive measures
   (a)    Screening 

 Lots of efforts have been made in search-
ing for optimal screening methods. The 
cytologic detection of ESCC or precursor 
lesions by using balloon and sponge sam-
plers yielded very low sensitivity  [  51  ] , 
although a recent study showed greater 
than 90 % sensitivity in detecting Barrett’s 
esophagus by using Cytosponge  [  52  ] . 
However, the latter study also utilized tre-
foil factor 3, an immunostain diagnostic 
marker for Barrett’s esophagus based on 
the systematic gene expression pro fi ling, 
which may have enhanced the sensitivity 
signi fi cantly.  

   (b)    Chemoprevention 
 Isotretinoin is a synthetic retinoid with 
chemopreventive effect that induces a dif-
ferentiated state. It could potentially reduce 
the ESCC rate from 24 % to 4 % among 
HNSCC patients in a placebo controlled 
study  [  53  ] . 

 Although providing a protective effect 
on patients with mild esophageal squamous 
dysplasia after 10-month use, selenomethi-
onine failed to inhibit esophageal squamous 
carcinogenesis for high-risk subjects based 
on a randomized, placebo-controlled study, 
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which also demonstrated that celecoxib 
had no detectable protective bene fi t  [  54  ] .  

   (c)    Surveillance 
 The American Society for Gastrointestinal 
Endoscopy (ASGE) recommended sur-
veillance on three high-risk populations: 
achalasia, caustic ingestion, and tylosis 
 [  55  ]  (Table  41.4 ).           

   Cancer Management 

 Generally ESCC patients seek for medical atten-
tion when signi fi cant symptoms emerge, such as 
unexplained weight loss and dysphagia, at which 
time it is highly likely that the disease has spread 
to the degree that only palliative care could be pro-
vided. About 75 % of patients presented with stage 
III or IV disease. National Comprehensive cancer 
network (NCCN) provides a very detailed guideline 
in esophageal cancer management on their website. 
Based on this guideline and other publications, the 
current consensus can be summarized as follow:
    1.    Early ESCC 

 Although we have many steps to go through to 
 fi nd the optimal screening and surveillance 
methods, the best strategy is primary preven-
tion. Secondary prevention can identify the 
high risks and detect the cancer at its early stage. 
Nowadays, we have much more experience 
in treating the early stage ESCC or adenocar-
cinoma.
   (a)     Endoscopic mucosal resection (EMR) 

 EMR is a minimal invasive endoscopic 
procedure to remove the mucosal lesions 

that are less than 2 cm or piecemeal 
removal of larger size lesions. Most com-
monly used techniques can be subdivided 
as injection-, cap-, and ligation-assisted 
EMR. Speci fi cally EMR techniques 
include Injection-assisted EMR, Endocopic 
Muscoal Resection cap with suction, snare 
mucosectomy, or Duette Multiband 
Mucosectomy Kit  [  56  ] . An alternative for 
en bloc resection of a large lesion is ESD 
(endoscopic submucosal dissection), but 
its utility in the esophagus is still under 
investigation as it takes much longer time 
to perform and has higher complication 
rates. 

 About 2–4 % of mucosal ESCC (Tis or 
T1a) patients have lymph nodes invasion, 
and a few studies had shown that endo-
scopic mucosal resection (EMR) is the pre-
ferred for this population  [  57–  59  ] . EUS is 
performed  fi rst before EMR to ensure there 
are no lymph nodes involved. EMR could 
be performed for diagnostic and therapeutic 
purposes. In an experienced hand, it has 
very low complications such as short-lived 
chest discomfort and pain, or minor bleed-
ing (<2 g/dl of hemoglobin drop). Other 
rare complications include perforation and 
stenosis especially after multiple EMR in 
one session. The recurrence after EMR var-
ies and it largely depends on the patient 
selection and whether or not extensive biop-
sies are performed at the index EGD exam 
(i.e., is it a true recurrence or a synchronous 
lesion missed due to sampling error?). One 

   Table 41.4    Recommendations regarding endoscopy surveillance for ESCC for high-risk patients (American Society 
for Gastrointestinal Endoscopy)   

 Risk factors 
 EGD surveillance 

 Starting time  Intervals 

 Achalasia  Insuf fi cient data for surveillance. If considered, 
could initiate 15 years after onset of symptoms 

 Unde fi ned 

 Tylosis  Age 30 years old  Requires more studies; no more than 
every 1–3 years 

 Caustic ingestion  15–20 years after caustic ingestion.  No more than every 1–3 years. Low 
threshold to evaluate swallowing 
problems with endoscopy 

  This table is based on “The role of endoscopy in the surveillance of premalignant conditions of the upper gastrointesti-
nal tract.” Gastrointest Endosc 2006; 63:570–80  
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study of 142 mucosal ESCC patients who 
underwent EMR showed no recurrence of 
diseases in 9 years of follow-up  [  57  ] . 

 The Mayo clinic researchers in Barrett’s 
esophagus unit conducted a study and 
found that antiplatelet agents can be con-
tinued after the procedure to minimize car-
diovascular complications among high 
thromboenbolic risk patients. Based on 
American Society of Gastroendoscopy 
(ASGE), the patients who need to continue 
anticoagulation can be bridged with low-
molecular-weight heparin. 
 Patients with mucosal ESCC who undergo 
EMR should have endoscopic surveillance 
every 3 months for 1 year and then annu-
ally afterwards.  

   (b)    Photodynamic therapy (PDT) 
 Since the 1980s PDT has been used for 
various medical conditions such as cancers 
(skin cancer, cholangiocarcinoma, esopha-
geal neoplasia) and wet macular degenera-
tion. PDT uses a special agent, such as 
sodium por fi mer (approved in North 
America) and 5-aminolevulinic acid 
(5-ALA, used in Europe), either orally or 
intravenously to sensitize the tumor about 
4 h (oral agent) or 24 h (intravenous agent) 
before photoradiation. Then laser light at 
630–635 nm wavelength from a very small 
 fi ber through the endoscope channel is 
applied. This can activate the drug, which 
in turn interact with oxygen molecule to 
generate a singlet oxygen state causing 
cell death  [  60  ] . 

 The response rate varies from 50 % to 
100 % based on different studies. Severe 
dysplasia and super fi cial mucosal cancer 
(<2 mm in depth) can be completely ablated 
by 5-ALA-PDT. However, it may not be 
able to eradicate the early carcinoma 
thicker than 2 mm in depth. A large retro-
spective study of 123 patients (104 
ESCC,19 adenocarcinoma) showed no dif-
ference in complete response rate and 
survival rate between (1) PDT alone and 
PDT plus multimodal treatment groups 
(with chemoradiation), (2) between the 

adenocarcinoma and squamous cell carci-
noma groups. PDT-related complications 
include stenosis (35 %) and cutaneous 
photosensitization (13 %)  [  61  ] . Other side 
effects may include stricture,  fi stula, chest 
pain, nausea, and vomiting; however, the 
perforation rate was about 1 % which is 
lower than EMR. 

 However, although it is simpler to per-
form, the role of PDT in treatment of 
esophageal diseases has been limited when 
other newer and safer methods such as 
EMR and radiofrequency ablation (RFA) 
are gaining more popularity.  

   (c)    Other modalities 
 Although radiofrequency ablation (RFA) 
has been used widely among Barrett’s 
esophagus patients, the experience is still 
limited for ESCC. Only one case of ESCC 
with RFA treatment was reported in 2008. 
Very scarce experience with cryotherapy 
or argon plasma coagulation (APC) for 
ESCC has been reported.      

    2.    Locally advanced ESCC 
 It is de fi ned as any T stages with local 
lymph nodes but no evidence of distant dis-
ease. The chemotherapy regimen should be 
individualized based on tumor stage and 
patients’ performance status. Unfortunately 
most of these regimens have low to median 
response rate and signi fi cant toxic pro fi les. 

 In reviewing the studies on chemoradi-
ation and surgery, it is worth noting that: 
(1) most clinical studies recruited not only 
ESCC, but also esophageal adenocarci-
noma, and some even stomach cancers; (2) 
some studies were criticized because of 
overall design (e.g. not randomized), small 
sample size, enrollment bias, uncontrolled 
crossover between study arms, underper-
formance of control arm (thus type I error), 
etc., so one should interpret the results 
with precautions; (3) these different regi-
mens may prolong the median survival but 
usually no more than 12 months (most of 
them had bene fi ts of 3–9 months compared 
to best supportive care) at the price of very 
serious adverse effects; (4) multimodality 
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therapy has better response but more 
adverse effects; (5) surgery alone or sur-
gery combined with other modalities, but 
not chemotherapy or radiation therapy 
(RT) alone, could be potentially curative 
for the patients with early stage cancer.

   (a)    Chemotherapy 
 The most frequently investigated and clini-
cally used regimen includes infusion of 
cisplatin and 5-Fluorouracil (5-FU) at the 
 fi rst and fourth week of radiation therapy 
(RT). Its response rate varies from 20 % to 
50 %. A randomized phase II study of cis-
platin and 5- fl uorouracil (5-FU) vs. cispla-
tin alone in advanced squamous cell 
esophageal cancer revealed that combined 
therapy failed to improve the survival time 
but had signi fi cantly more adverse effects 
such as grade 4 aplasia and septicemia, 
meningeal hemorrhage, cerebrovascular 
accident, and ischemia  [  62  ] . Actually, cis-
platin seems to be the most active agent 
(response rate of approximately 20 %). 
But in practice, cisplatin and 5-FU are 
most commonly used in combination. 

 Other choices are ECF regimen (epiru-
bicin, cisplatin, and 5-FU), DCF (doc-
etaxel, cisplatin, and 5-FU), MCF 
(mitomycin, cisplatin, and 5-FU), irinote-
can and cisplatin, gemicitabine and cispla-
tin. The REAL-2 study revealed that 
capecitabine, an oral agent that converts 
into 5-FU at tumor tissue, was as effective 
as 5-FU, and that oxaliplatin was similar to 
cisplatin but with signi fi cantly less grade 3 
or 4 neutropenia, alopecia, kidney toxicity, 
and thromboembolism, but slightly more 
grade 3 or 4 diarrhea and neuropathy  [  63  ] .  

   (b)    Radiation therapy 
 External plus intraluminal radiotherapy 
was superior to external alone in both local 
control and long-term survival  [  64,   65  ] ; 
however, the complications such as bleed-
ing,  fi stula, ulcerations, and complication-
related mortality were much higher in the 
combined group. Up to 70 %–80 % patients 
with dysphagia from the tumor could 
improve their symptoms  [  66  ] . 

 Among postoperative ESCC patients, 
one retrospective study demonstrated that 
higher total radiation dose (> 50 Gy) after 
surgery was associated with fewer locore-
gional recurrence and better disease-free 
survival without more serious acute and 
late complications, but no improvement of 
overall mortality  [  67  ] . 

 However, by randomizing nonsurgical 
patients with T1 to T4, N0/1, M0 squamous 
cell carcinoma or adenocarcinoma to 
receive higher dose RT (64.8 Gy) or stan-
dard dose RT (50.4 Gy) while receiving 
the same 5-FU and cisplatin therapy, INT 
0123 study showed that higher dose RT 
(64.8 Gy) treatment did not yield statisti-
cally signi fi cant improvement in median 
survival when compared to 50.4 Gy group 
(18.1 vs. 13.0 months); and that the locore-
gional failure was about the same (56 % 
vs. 52 %). More treatment-related mortal-
ity was observed in the higher dose RT 
group. Thus RT with 50.4 Gy is currently 
considered as standard dose when com-
bined with chemotherapy. 

 In summary, the current recommenda-
tion is to use 50.4 Gy radiation together 
with chemotherapy.  

   (c)    Chemoradiation therapy 
 Chemoradiation therapy is considered 
more ef fi cacious than alone therapy. For 
patients with signi fi cant cardiopulmonary 
issues who are not surgical candidates, this 
could be a potential cure. 

 A prospective trial in 1992 randomized 
patients to either the group with combined 
5-FU and cisplatin plus 50.0 Gy of radia-
tion therapy or to radiation therapy (RT) 
alone group (64.0 Gy). The results showed 
that combined therapy prolonged the 
median survival from 9 to 12.5 months, 
and the survival rates at 12 and 24 months 
were 50 % and 38 % in combined group vs. 
33 % and 10 % in RT alone group  [  68  ] . 

 In another prospective study, 196 
ESCC and adenocarcinoma patients with 
T1-T3 N0-N1 and M0 staging, Karnofsky 
score of at least 50, were randomized to 
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chemotherapy (cisplatin and 5-FU) plus 
RT (50.0 Gy) vs. RT (64.0 Gy) alone. It 
showed the 5-year survival for combined 
therapy was 26 % compared to 0 % from 
the RT only group. However, due to the 
serious or even life-threatening adverse 
effects from the combined treatment, only 
68 % the patients completed the whole 
chemoradiation therapy.  [  69  ]  

 For potentially resectable ESCC of the 
mid or lower esophagus, the two- or three-
stage esophagectomy with two- fi eld dis-
section or chemoradiotherapy offered 
similar survival based on results from the 
prospective randomized trial—CURE 
study the Chinese University Research 
Group for Esophageal Cancer (CURE) 
 [  70  ] . The regimen they used was 5-FU 
200 mg/m 2 /day infusion from day 1 to 42, 
cisplatin 60 mg/m 2  on days 1 and 22, and 
total RT of 50–60 Gy. 

 In summary, chemoradiation therapy 
is more ef fi cacious than either chemo- or 
RT alone. For resectable patients, sur-
gery could provide similar bene fi t as 
chemoradiotherapy.  

   (d)    Surgery 
 Cervical and cervicothoracic esophageal 
carcinoma located at < 5 cm from the cri-
copharyngeus should be treated with 
de fi nitive chemoradiation rather than surgery 
 [  52  ] . For appropriate candidates, surgical 
options include trans-hiatal esophagectomy 
or the Ivor-Lewis    procedure (requires thora-
cotomy and laparotomy) (Table  41.5 ). 

    The acceptable surgical options include • 
 [  63  ] : 
  Standard Ivor Lewis esophagogastrec-• 
tomy (laparotomy and right thoracotomy) 
or minimally invasive Ivor Lewis (lapa-
rotomy and limited right thoracotomy)  
   Standard McKeown esophagogastrec-• 
tomy (laparotomy, right thoracotomy, 
and cervical anastomosis) or mini-
mally invasive McKeon (limited lapa-
rotomy, right thoracotomy, and cervical 
anastomosis)  
   Transhiatal esophagogastrectomy (lapa-• 
rotomy and cervical anastomosis)  
   Robotic minimally invasive • 
esophagogastrectomy  
   Left transthoracic or thoracoabdominal • 
incision with anastomosis in the chest or 
neck.  
   Options for reconstruction after esophagec-• 
tomy include gastric pull-up, colon inter-
position, or jejunal interposition.     

   (e)    Surgery with vs. without preoperative ther-
apy (neoadjuvant) 
 A recent review (2007) regarding the over-
all ef fi cacy of the neoadjuvant therapy with 
chemoradiation suggested better curative 
resection rates and lower locoregional 
recurrence, but the overall bene fi t for sur-
vival was not clearly demonstrated although 
some studies revealed such trend. Many of 
these studies, however, were not optimally 
designed; study groups were mixed (gastric 
cancer, esophageal adenocarcinoma, and 
esophageal squamous cell carcinoma); 

   Table 41.5    Resectability of the esophageal cancer   

 Staging of esophageal cancer  Methods for resection 

 Tis and T1a tumors (within the mucosa)  Endoscopic mucosal resection 
 T1b (submucosa)  Esophagectomy 
 T1–T3 with regional nodal metastases (N1)  Esophagectomy 
 T4 with involvement in pericardium, pleural, or diaphragm  Esophagectomy 
 Stage IVa, distal cancer with resectable celiac nodes, but sparing the celiac artery, 
aorta, or other organs 

 Esophagectomy 

 Stage IVa, distal cancer with unresectable celiac nodes; involvement of celiac artery, 
aorta, or other organs 

 Unresectable 

 Stage IVb, unresectable tumor invading other adjacent structures, such as aorta, 
vertebral body, trachea, etc. 

 Unresectable 



59341 Benign and Malignant Tumors of the Esophagus

sample size was small with inadequate 
power; and some yielded con fl icting 
results. The multicenter, randomized trial 
to compare preoperative chemoradiother-
apy followed by surgery with surgery 
alone in patients with stage I and II 
squamous cell cancer of the esophagus 
failed to show a difference in the overall 
survival although it did prolong disease-
free survival. 

 The CROSS trial is a multicenter, ran-
domized phase III, clinical trial which 
compares neoadjuvant chemoradiotherapy 
followed by surgery with surgery alone in 
patients with potentially curable esopha-
geal adenocarcinoma and ESCC with inclu-
sion of 175 patients per arm. The results of 
this study are still pending.

   The practice guideline from Cancer • 
Care Ontario (  http://www.cancercare.
on.ca/    ) recommended the following: 
  • Bi-modal regimen:  a published abstract 
of an individual patient data-based 
meta-analysis of nine randomized trials 
(2,102 patients) comparing preopera-
tive chemotherapy followed by surgery 
(CT + S) to surgery alone demonstrated 
a 4 % (from 16 to 20 %) absolute over-
all survival advantage for chemotherapy 
at 5 years. Based on seven trials (1,849 
patients), the disease-free survival 
(DFS) was 10 % in CT + S group vs. 
6 % in surgery alone group. No differ-
ence was seen in postoperative death.  
   • Tri-modal regimen:  a meta-analysis of 
10 randomized trials comparing esoph-
ageal adenocarcinoma patients who 
received preoperative chemoradiother-
apy followed by surgery to surgery 
alone showed a 13 % absolute bene fi t in 
survival at 2 years for preoperative 
chemoradiotherapy.  
  Thus, Tri-modal is preferred to bi-modal regi-• 
men if preoperative therapy is considered.  
  Randomized trials demonstrated no sur-• 
vival bene fi t for radiation therapy given 
alone, either preoperatively or postop-
eratively, compared with surgery alone.  

  Randomized trials demonstrated no sur-• 
vival bene fi t for postoperative chemo-
therapy compared with surgery alone. 
 In summary, based on less-than-opti-• 
mal studies, neoadjuvant therapy prior 
to surgery may provide a small bene fi t 
in overall survival and is currently 
recommended.     

   (f)     Surgery with or without postoperative 
therapy (adjuvant therapy) 
 Compared to neoadjuvant therapy, fewer 
studies addressed the issue of adjuvant 
therapy. One randomized study in 2003 
suggested cisplatin and 5-FU adjuvant 
therapy improved the 5-year disease free 
survival from 45 % to 55 % ( p  = 0.037) for 
ESCC patients with stages IIA, IIB, III, or 
IV due to distant node involvement (M1 
lymph node) after surgery. 

 In 2000, a study randomized 556 
patients with either resectable gastric and 
GE junction adenocarcinoma, to postoper-
ative chemoradiotherapy or surgery alone. 
Patients in the postoperative chemoradia-
tion arm had a median survival of 36 months 
and patients in the surgery alone arm had a 
median survival of 27 months ( p  = 0.005). 

 A more recent study in 2009 prospec-
tively randomized 151 ESCC patients 
(stage II–III) to surgery and adjuvant ther-
apy vs. surgery alone, and it showed 
signi fi cant better 5- and 10-year survival 
rates of 42.3 % and 24.4 % for the group 
with adjuvant therapy vs. 33.8 % and 
12.5 % for the surgery alone group. The 
local recurrence rates in the combined 
group and surgery alone group were 
14.9 % and 36.4 % ( p  < 0.05). 

 In summary, based on limited data, 
adjuvant therapy with chemoradiation may 
provide some survival bene fi t when com-
pared to surgery alone.  

   (g)    Target therapy 
 Since the current therapy has limited 
response for esophageal cancer patients, 
target therapy aiming towards certain mol-
ecules such as HER-2, VEGFR, is an area 
with active investigation. 

http://www.cancercare.on.ca/
http://www.cancercare.on.ca/


594 K.K. Wang

 The ToGA trial which included HER-2 
positive patients with gastroesophageal 
and gastric adenocarcinoma demonstrated 
that 5-FU/cisplatin/trastuzumab was supe-
rior to 5-FU/cisplatin with median survival 
of 13.5 vs. 11.1 months. Besides trastu-
zumab, other agents used in the targeted 
therapy include cetuximab, erlotinib, 
matuzumab, ge fi tinib (anti-HER2 antibod-
ies), bevacizumab (an anti-VEGFR anti-
body) are also under investigations.  

   (h)    Herbal agents 
 A recent Cochrane review was unable to 
identify a true randomized control trial 
among the 43 articles regarding herbal use 
as an adjunct therapy to chemoradiation 
for esophageal cancer patients. The herb-
als in these studies were from a large vari-
ety of plants and no speci fi c brand or 
names were listed. This review concluded 
that we have no solid evidence to support 
or refute the use of herbal agents among 
esophageal cancer patients.      

    3.    Metastatic diseases and palliative care 
 Patients with Eastern Cooperative Oncology 
Group Performance (ECOG) score of  ³ 3 could 
be supported by best care; if ECOG score is 
 £ 2, chemotherapy may be considered. No reg-
imen is considered as standard. 

 For space-occupying lesions, esophageal 
stents could be placed to restore esophageal 
patency, but ESCC within 2 cm of upper 
esophageal sphincter (EUS) is a contraindica-
tion. Sometime dilation with balloon or Savary 
dilators may be necessary before stent place-
ment. Self-expanding metal stents (SEMS) 
have been improved continuously over the last 
decade in its diameter, shape, distal and proxi-
mal  fl anges, and types of coatings; they are 
preferred over plastic stents for palliative pur-
pose. SEMS could be placed via endoscopy 
with or without  fl uoroscopy by gastroenterol-
ogists or under  fl uoroscopy by radiologists. 
The complications of stents include migration, 
bleeding, perforation, tumor overgrowth, pres-
sure necrosis, etc., and the rates vary by types 
of stents and anatomic location of the place-
ment. The placement success rate is 90–97 %. 

 Percutaneous endoscopic gastrostomy (PEG) 
can be considered if a patient cannot swallow 
saliva. If jejunum access is needed, percutane-
ous endoscopic jejunostomy (PEJ) or PEG tube 
with jejunum extension can be placed. 

 If patients have bleeding from the tumor 
surface, then endoscopy treatment with APC 
(argon plasma coagulation) or electrocoagula-
tion might be helpful. However, if severe 
bleeding is from  fi stualization between tumor 
and aorta, endoscopy intervention is insuf fi cient 
and patients suffer from high mortality.      

   Family Screening 

 There is no speci fi c recommendation for family 
screening. However, if the family is exposed to 
the similar environments or has similar life style 
as in the index case, screening seems appropriate 
although no formal recommendation is 
available.  

   Case Studies 

 A 67-year-old Caucasian female has a 22 year his-
tory of achalasia and underwent Heller myotomy 
12 years previous. She has had progressively 
worsening heartburn symptoms despite PPI ther-
apy. For a few years she has intermittent vomiting 
especially when she lies  fl at. The vomitus may 
include undigested food from a previous meal. 
She presented to clinic with progressive dysphagia 
to solids and was sustained on liquid nutrition 
supplement and a mechanical soft diet. She also 
had a 25 lb weight loss that she  attributed to poor 
appetite. She was ambulatory and capable of self-
care but unable to carry out work activities. 

  Q1: what are the possible underlying etiolo-
gies for her dysphagia?  

 In a different scenario, if this lady presented a 
few days after her Heller myotomy, it is still pos-
sible that her symptoms are due to tissue swelling 
from the surgery, or possible scar formation if it 
is a few weeks after her operation. 

 However, in her current situation, she is suf-
fering from the re fl ux of the food retained in her 
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distal esophagus. It is possible that her achalasia 
had recurred. Another possible etiology for her 
dysphagia (the worst-case scenario) is squamous 
cell carcinoma of the esophagus, or esophageal 
adenocarcinoma, which could be the reason for 
her solid food dysphagia. 

  Q2. What is the next step in her medical 
care?  

 One could start with esophagram, but de fi nite 
diagnostic modality is EGD exam with biopsy. 
If cancer is found, then PET/CT scans are the 
next step in this investigation. If negative, then 
endoscopic ultrasound (EUS) can be performed 
for T staging. 

  Q3. What are the treatment options?  
 It certainly depends on the TMN staging and 

her performance status. If she has metastatic dis-
eases and space occupying mass that caused her 
dysphagia, then self-expanding metal stent could 
provide palliation. Chemotherapy or RT is also 
an option to reduce the tumor size. 

 If it is locally advanced disease, then neoadju-
vant chemotherapy with ECF regimen (Epirubicin, 
Cisplatin, and 5-FU) with radiation therapy fol-
lowed by esophagectomy could be offered. 

 If it is only a mucosal lesion (which is highly 
unlikely given her dysphagia), endoscopic mucosal 
resection (EMR) could be a potential cure.  

   Key Patient Consent Issue 

   Consent for EGD/EUS/EMR/Stent 

 Mr. (or Mrs) X, we will perform upper endoscopy 
exam under sedation with ultrasonic view of your 
esophageal lesion and surrounding lymph nodes. 
If it is a shallow lesion, we may perform a proce-
dure to resect it. It may cause some bleeding where 
the resection takes place, but the vast majority of 
patients will stop the oozing spontaneously with-
out intervention, otherwise, cautery, coagulation, 
hemoclip, etc. can be utilized to stop the bleed-
ing. Other signi fi cant, but fortunately very rare 
complications are infection or perforation. 

 If your lesion in the esophagus is occupying 
the lumen, we could place a metal stent over it to 
relieve the trouble with swallowing. The risks 

include bleeding, stent migration, tumor tissue 
growth into the stent causing obstruction, or 
necrosis and even perforation.  

   Discussion for Some Chemotherapy 
Regimens 

 The adverse effects could be serious from some 
of the agents. For example, oxaliplatin plus 
capecitabine regimen could cause leukopenia 
(50.0 %), nausea and vomiting (51.6 %), diarrhea 
(50.0 %), stomatitis (39.1 %), polyneuropathy 
(37.5 %), and hand-foot syndrome (37.5 %)  [  71  ] . 
We will closely monitor you and terminate your 
treatment if you are not able to tolerate it.       
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    Introduction 

 Mechanical dysphagia has many possible etiolo-
gies, though all commonly share the process of 
narrowing the lumen of the esophagus with sub-
sequent delay in passage of solid foods. Benign 
strictures, webs, and rings are among the most 
common causes of mechanical obstruction of the 
esophagus.  

   Peptic Stricture 

   De fi nition 

 A peptic esophageal stricture is a narrowing of the 
esophagus, typically at the squamocolumnar    junc-
tion, related to acid exposure from gastroesopha-
geal re fl ux disease (GERD). These strictures 
typically have a smooth mucosal surface and are 
usually less than 1 cm in length, although longer 
strictures, up to 8 cm, are occasionally seen  [  1  ] .  

   Prevalence 

 Peptic stricture accounts for between 70% and 
80% of all benign esophageal strictures (anas-
tomotic and caustic strictures making up the 
majority of the remainder)  [  1  ] . Peptic strictures 
occur, by de fi nition, in patients with GERD. 
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About 10–20% of the patients with untreated 
re fl ux esophagitis will develop a peptic esopha-
geal stricture, and the incidence increases with 
age and duration of re fl ux disease  [  2  ] . There are 
several risk factors associated with the develop-
ment of peptic strictures, primarily due to 
increased risk for GERD. Caucasians are 
approximately ten times more likely to develop 
peptic strictures than African Americans or 
Asians  [  3  ] . Hiatal hernias are another important 
risk factor for the development of strictures. 
While hiatal hernias are found in about 10–15% 
of the general population, the incidence 
increases to 63% in patients with esophagitis on 
endoscopy and up to 85% of the patients with 
peptic strictures  [  4  ] . Other conditions predis-
posing to peptic strictures include scleroderma, 
Zollinger–Ellison syndrome, NSAID use, and 
prolonged nasogastric intubation  [  5–  8  ] .  

   Pathophysiology 

 Peptic strictures form when stomach acid re fl uxes 
into the esophagus and damages the esophageal 
wall. This injury causes an in fl ammatory process 
leading to the deposition of connective tissue and, 
eventually,  fi brosis. It is believed that nonerosive 
esophagitis, erosive esophagitis, and esophageal 
peptic strictures are all processes on the spectrum 
of GERD-related complications  [  1  ] . In the initial 
stages of injury, esophageal narrowing is primar-
ily from edema and muscle spasm, and therefore 
reversible with acid suppression  [  9  ] . After more 
prolonged injury, the  fi brosis extends into the sub-
mucosa and muscle, and damages the intrinsic ner-
vous system. The narrowing becomes irreversible as 
the esophageal wall thickens, shortens, and becomes 
noncompliant from advanced  fi brosis  [  10  ] .  

   Diagnosis 

 The most common presenting symptom of peptic 
esophageal strictures is dysphagia. Dysphagia is 
typically  fi rst noticed with solid foods, but can 
progress to liquids. Symptoms of dysphagia are 
more common once the stricture has narrowed 
the lumen of the esophagus to less than 13 mm, 

although some studies suggest the degree of 
esophagitis is nearly as important as the degree of 
stricturing for the development of dysphagia  [  9  ] . 
Patients with benign strictures often alter their 
diets to more soft foods to be able to meet their 
caloric needs and thus tend not to lose weight, 
and may not even complain of dysphagia if the 
softer foods they eat no longer cause symptoms. 
Signi fi cant weight loss should prompt the physi-
cian to search for alternative diagnoses such as 
esophageal carcinoma or achalasia. As discussed 
earlier, GERD is necessary to develop a peptic 
stricture. A history of heartburn symptoms is 
present in over 75% of the patients with peptic 
strictures  [  11  ] . Patients may also present with 
chest pain related to esophagitis, esophageal 
spasm, or food impaction. 

 When a stricture is suspected based on history, 
the diagnosis is con fi rmed with the use of upper 
endoscopy or a barium esophagram (Fig.  42.1 ). 
Each of these tests has advantages, and in prac-
tice, both are often used to complement each 
other. Several studies show that the barium 
esophagram is a more sensitive test for peptic 
strictures than endoscopy, approaching 100% in 
strictures less than 9 mm in diameter and 90% for 
strictures greater than 10 mm  [  12  ] . Barium 
esophagram also has the advantage of being non-
invasive, and being able to evaluate the length of 
the stricture. Radiographic techniques can also 
incorporate swallowed food in an attempt to 
duplicate the patient’s symptoms and identify 
functional obstruction. Though not quite as 

  Fig. 42.1    Peptic stricture—typical stricture associated 
with active erosive re fl ux esophagitis       
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sensitive for subtle strictures, endoscopy is 
essential to evaluate all esophageal strictures. 
Esophagoscopy provides viewing of the mucosa 
itself, allowing for the diagnosis of esophagitis, 
Barrett’s esophagus, or carcinoma. There are 
varying reports on whether chronic peptic stric-
tures are associated with increased frequency of 
Barrett’s esophagus  [  13,   14  ] . Biopsies can be 
taken from the stricture if Barrett’s or carcinoma 
is suspected. A peptic stricture should appear as a 
smooth narrowing in the distal esophagus at the 
squamocolumnar junction, sometimes extending 
more proximally. Air insuf fl ation will not expand 
a true peptic stricture. The other major advantage 
of endoscopy for evaluation of a stricture is the 
ability to provide therapeutic dilation, if neces-
sary. Other modalities that may be helpful in the 
evaluation of a suspected peptic stricture include 
esophageal manometry (if one suspects a motility 
disorder), ambulatory pH monitoring, and a serum 
gastrin level to rule out Zollinger–Ellison syn-
drome if the patients have refractory strictures.   

   Management (Medical Management, 
Endoscopic Management in Next 
Chapter) 

 The management of peptic strictures is multifac-
eted and includes lifestyle modi fi cations to reduce 
acid re fl ux, acid-suppression medications, esoph-
ageal dilation with or without intralesional steroid 
injection, and occasionally surgical intervention. 

 Lifestyle modi fi cations to reduce acid re fl ux 
include elevating the head of the bed, avoidance 
of meals for 2–3 h before sleeping, eating smaller 
meals, weight reduction in obese patients, and 
reducing alcohol intake. Patients with known 
strictures also must adjust the way they eat in 
order to avoid food impactions. Patients should 
cut food into small pieces, chew thoroughly, and 
avoid eating hurriedly. A careful review of medi-
cations should also be done to ensure avoidance 
of drugs that can cause pill esophagitis. 

 Medical management for peptic strictures has 
improved dramatically since the advent of proton 
pump inhibitors. The majority of peptic esopha-
geal strictures occur in the setting of longstanding 
re fl ux esophagitis, and as stated earlier, the degree 

of re fl ux may be as important as luminal diameter 
in the degree of dysphagia reported by the patient. 
Marks et al. treated patients with peptic strictures 
and concurrent esophagitis and showed that 
regardless of the drug therapy, patients with healed 
esophagitis at 3 and 6 months were more likely to 
be dysphagia free and required fewer dilations  [  15  ] . 
Treatment of peptic strictures using H-2 blockers 
is not effective in reducing the frequency of dila-
tion  [  16,   17  ] . However, more potent acid-suppressive 
regimens using proton pump inhibitors have 
proven to be effective. Several studies have com-
pared proton pump inhibitors to either placebo or 
to H-2 blockers and have shown a signi fi cant 
decrease in frequency of dilations and improve-
ment in dysphagia with the use of proton pump 
inhibitors  [  15,   18,   19  ] . 

 Dilation is the mainstay of treatment for 
benign esophageal strictures. For simple esoph-
ageal strictures (<2 cm in length, straight, with a 
diameter that allows passage of an endoscope), 
either bougie or balloon dilation can be used 
 [  20  ] . For most patients, 1–3 dilations are required 
to relieve symptoms, with an additional 25% 
requiring repeat dilations  [  21  ] . Predictors of 
early recurrence include a narrower stricture 
diameter, persistence of heartburn after dilation, 
and the presence of hiatal hernia  [  22  ] . For 
patients who have developed recurrent stricture 
after dilation, endoscopic intralesional corticos-
teroid injection has been used in an attempt to 
reduce recurrence of the stricture. Several small, 
nonrandomized studies have shown that this 
technique is effective in reducing the need for 
repeat dilation and increasing the average time 
to repeat dilation  [  23–  25  ] . One randomized, 
blinded trial has been published which showed 
that 60% of the patients treated with sham injec-
tions needed repeat dilations in the  fi rst year 
compared with 13% of the patients in the steroid 
group  [  26  ] . Incisional therapy and stent place-
ment are two other management options that 
have been used in some cases of anastomotic, 
caustic, or malignant strictures with varying suc-
cess, but their use in peptic strictures has not 
been well studied. 

 Surgical therapy for peptic strictures is indi-
cated in patients who fail medical therapy or are 
not candidates for maximal medical therapy. 
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Patients with strictures that are refractory to 
medical treatment require evaluation for compli-
cating factors such as a motility disorder, pill-
induced esophagitis, or Zollinger–Ellison 
syndrome. If antire fl ux surgery is deemed neces-
sary, the experience of the surgeon is an impor-
tant factor in the success of the procedure  [  27  ] . 
While several small studies have described suc-
cessful treatment of recurrent peptic strictures 
using antire fl ux  surgery, a larger, randomized 
trial showed no signi fi cant difference between 
the fundoplication group and the medical ther-
apy group in terms of frequency of treatment of 
esophageal strictures  [  28  ] . The most radical 
therapy for refractory peptic strictures is the 
resection of the entire esophagus. Esophagectomy 
is typically reserved for those patients that have 
features of an irreversibly damaged esophagus 
such as the inability to dilate the stricture, rapid 
recurrence of a stricture after dilation, and evi-
dence of aperistalsis on manometry  [  1  ] .   

   Caustic Injury and Stricture 

   De fi nition 

 Caustic injury to the esophagus occurs with 
ingestion of either acid or alkali with stricture 
arising as a consequence of esophageal injury 
(Fig.  42.2 ).   

   Incidence 

 Most caustic injury occurs in children with the 
vast majority being due to accidental ingestion 
of cleaning products. In 2006, 11,964 injuries 
due to cleaning products were reported to the 
National Electronic Injury Surveillance System 
with 68% of these being ingestions  [  29  ] . 
Fortunately, there was a documented decrease in 
incidence from 1990 when there were 22,141 
injuries reported, although this remains a major 
public health problem. Most injuries were in 
children 1–3 years old and more in boys (60%) 
than girls. Most ingestions in adults occur as a 
result of attempted suicide  [  30,   31  ] .  

   Pathophysiology 

 The organ sustaining the most damage following 
ingestion is usually the esophagus with the stom-
ach and small intestine also being affected in 
some patients. The degree of damage is depen-
dent on the agent, volume ingested, and contact 
time. In a rabbit in vitro model, injury to lye 
(sodium hydroxide) was dependent on the pH of 
the preparation, requiring a pH of greater than 
11.5 for injury  [  32  ] . Damage was time and pH 
dependent, with increasing injury causing epithe-
lial permeability and then liquefaction necrosis. 
Both allow deeper penetration of alkali in the 
esophageal wall and thereby deeper injury includ-
ing full-thickness injury and perforation. Contact 
time and concentration of caustic soda was simi-
larly found to affect the degree of injury in an 
in vivo rat model, with necrosis produced in as 
little as 10 min  [  33  ] . 

 Acid can cause as severe an injury, even 
though it has been thought to not do so as it 
seemed to cause a more super fi cial injury with 
coagulation necrosis rather than liquefaction 
 [  34  ] . For example, in a recent series with a high 
incidence of glacial acetic acid ingestion, severe 
injuries were more common with acid than 
alkali (at least grade 2 injury was present in 60 
of 85 acid patients as opposed to 46 of 94 alkali 
patients)  [  30  ] .  

  Fig. 42.2    Lye stricture—chronic stricture with scoring in 
adult due to accidental lye ingestion as a child       
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   Diagnosis 

 Neither the absence of lip or oropharyngeal burns 
nor the absence of symptoms excludes esopha-
geal injury. Endoscopy is therefore recommended 
as an early intervention to assess esophageal 
injury, once the airway has been evaluated and 
the patient resuscitated. However, this recom-
mendation is based on clinical experience and not 
prospective trials, and remains somewhat contro-
versial in patients without burns or symptoms 
 [  35  ] . The local Poison Control Center should be 
contacted for further recommendations concern-
ing the speci fi c ingested agent. 

 A variety of endoscopic scoring systems have 
been proposed with one system using grade I for 
super fi cial injury with erythema or edema, grade 
II for transmucosal injury with super fi cial 
ulcers either focal (IIa) or diffuse or circum-
ferential (IIb), and grade III for transmural injury 
with deep ulcers and necrosis (divided by some 
into focal—IIIa and extensive—IIIb)  [  36, 
  37  ] . Endoscopic severity correlates well with 
outcome. In a recent review of 273 adults, stric-
ture incidence was 0% in grade I injury, 4% and 
9% in grades IIa and b, and 28% and 54% in 
grades IIIa and b (including gastric strictures) 
with an overall stricture rate of 24%  [  38  ] . In 
addition, grade 3b predicted prolonged hospi-
tal stay, ICU admission, and both GI and sys-
temic complications. Likewise, in 50 children, 5 
of 10 patients with grade II injury (using an 
equivalent scale) developed strictures as com-
pared to none of the 17 patients with grade I 
injury  [  39  ] . Of note, six children in this series 
had signi fi cant esophageal injury in the absence 
of oropharyngeal burns.  

   Management 

 Management is supportive with airway manage-
ment and resuscitation. Prevention of vomiting 
and aspiration is crucial. A nasogastric tube can be 
placed in the event of signi fi cant esophageal injury. 
Patients with severe injury should be followed 
closely for perforation with serial imaging. 

 Steroids have been used to treat caustic injury 
and to try to prevent complications including 
stricture. However, a recent systematic review 
analyzed 13 identi fi ed studies with 328 total 
patients with grade II injury  [  36  ] . Although het-
erogeneity prevented formal metaanalysis, there 
was no bene fi t to steroid treatment in terms of 
stricture prevention, as 30 of 244 (12%) patients 
receiving steroids developed stricture as opposed 
to 16 of 84 (19%) not so treated. 

 Once a stricture has developed, the main 
 therapy is dilation with bougies or balloons. 
Refractory strictures remain a problem with suc-
cess of dilation reported as low as 50%  [  31  ]  and 
as high as 94%. 

 A feared late complication of caustic esopha-
geal injury is squamous cell carcinoma, reported 
in 15 patients from Finland with cancer diagnosis 
occurring 22–81 years after the ingestion  [  40  ] . 
The ASGE guidelines therefore recommend 
endoscopic surveillance every 1–3 years begin-
ning 15–20 years after injury  [  41  ] .   

   Radiation Strictures 

   De fi nition 

 Stricturing remains the most common and prob-
lematic chronic injury to the esophagus related to 
radiation therapy. Radiation damage to the esoph-
agus is more frequently described in the era of 
multimodality treatment for mediastinal malig-
nancies, lung, breast, and head and neck cancers. 
Radiation injury of the esophagus occurs as a col-
lateral effect of radiation treatment and is vari-
able in presentation depending on tumor site, 
extent of the radiation  fi eld, amount of radiation, 
and if combined with chemotherapy. Damage to 
the esophagus may occur as both acute and late 
injury; stricture formation has ranged from 1 to 
60 months post radiation (median, 6 months). 
The most common clinical presentation is dys-
phagia or odynophagia. Early effects of radiation 
to the esophagus may include disruption of nor-
mal motility patterns in addition to mild mucosal 
damage. Some patients are susceptible to the 
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more severe spectrum of esophageal involvement 
with the development of ulceration, strictures, 
total obliteration, or perforation  [  42–  44  ] . Studies 
have not shown a direct relation between the 
common acute esophagitis and the uncommon 
late effects such as stricturing  [  45  ] . 

 Head and neck cancers are frequently associ-
ated with signi fi cant oropharyngeal dysphagia 
and nasal regurgitation. Dysphagia in a head and 
neck cancer patient is multifactoral and may be 
independent of radiation therapy but directly 
related to the extent of surgical resection, inci-
sional scarring, or nerve and muscle function dis-
ruption. Additional factors that predispose HNCC 
patients are the  fi eld of radiation, dose and sched-
ule of radiation, and whether chemotherapy was 
employed  [  46  ] . The hypopharynx seems to be 
more susceptible to radiation damage due to the 
close proximity of mucosal membranes and risk 
for subsequent circumferential scarring.  

   Prevalence 

 The prevalence and severity of radiation stric-
tures depend on the location of the primary tumor, 
the amount of radiation applied, and the concur-
rent use of chemotherapy  [  43,   47  ] . Additional 
predisposing factors include hypopharyngeal 
tumor location, twice daily dosing of radiation, 
female gender  [  48  ] , nutritional status, and con-
current esophageal infection. With combined 
modality therapy, stricture rates from 21 to 37% 
have been reported in head and neck cancers  [  48, 
  49  ]  and typically involve the proximal esophagus 
and upper esophageal sphincter. Radiation stric-
tures in the mid- and distal esophagus from lung 
or mediastinal malignancies are similarly more 
common, more severe, and occur at lower radia-
tion doses when combined as chemoradiotherapy. 
Combination therapy is felt to enhance the thera-
peutic effects of radiation, but potentiates the tis-
sue to be more susceptible to collateral damage. 
Newman et al. reported dysphagia in up to 17% 
of the patients treated with combination chemo-
radiotherapy  [  50  ] . Lee et al. found that 21% of 
the patients with head and neck cancers treated 
with chemoradiotherapy developed symptomatic 

radiation strictures  [  48  ] . Radiotherapy alone is 
uncommonly associated with esophageal stric-
tures: 2–3% for strictures after a 60-Gy dose  [  42, 
  51  ] . Historically, minimal changes to the esopha-
gus occur at doses less than 30 Gy. Thus, it has 
been accepted that a dose of <60 Gy is a dose 
level corresponding to a low number of compli-
cations  [  49  ] . Alternatively, esophageal strictures 
related to chemotherapy alone are quite rare. 

 Confounding factors that cause dysphagia in 
patients with head and neck cancers include sur-
gical alteration of the laryngopharynx and heal-
ing scar. Other indirect effects of radiation that 
contribute to dysphagia would include radiation-
induced xerostomia and percutaneous gastric 
feeding tubes. Gastric tubes are commonly placed 
prior to radiation treatment but may add to the 
risk of stricture formation because they indirectly 
contribute to inactivity of the pharyngeal and 
esophageal musculature  [  52  ] .  

   Pathophysiology 

 Super fi cial erosions are the earliest sign of mucosal 
toxicity and typically occur several weeks after 
initiation of radiation. Simple erosions will gener-
ally resolve within a month following last dose of 
radiation. After several months of higher dose 
radiation or concurrent chemotherapy,  fi brosis 
develops and the esophagus strictures. Late effects 
of radiation may include dense strictures that occur 
years after last radiation dose. Fistulas and perfo-
ration may occur late, likely due to radiation vas-
culitis, ischemia, and transmural in fl ammation. 
Reports of squamous cell carcinomas following 
radiation esophagitis have been noted.  

   Diagnosis 

 Diagnosis of radiation injury to the esophagus is 
made early with endoscopy (Fig.  42.3 ). Endoscopy 
is the most sensitive test for the early  fi ndings of 
erythema and erosions that occur during the acute 
phase of esophageal damage. Endoscopy addi-
tionally lends an opportunity for therapeutic 
options in addition to diagnosis. If strictures or 
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 fi stulas are suspected, then radiologic contrast 
studies are best to assess perforation, determine 
 fi stulas, or characterize strictures. CT scan can 
also be used to assess for perforation, identify 
regional  fi stulization, and visualize extrinsic 
mediastinal structures.   

   Treatment 

 Treatment of early esophageal damage of radia-
tion has shown some limited bene fi t from indo-
methacin and aspirin, likely through inhibition of 
the cyclooxygenase enzymes. No bene fi t from 
H2-blocker therapy or proton pump inhibitors 
has been shown to date. The majority of benign 
esophageal strictures are effectively treated with 
endoscopic therapy  [  7  ] . Endoscopic dilation of 
radiation strictures remains the best treatment 
option, especially if the strictures are of relatively 
short length, straight, and are easily traversed 
with the endoscope. Dilation may be used in com-
bination with injection of corticosteroids for more 
refractory strictures. Refractory lesions may also 
be amenable to electrocautery incisions or endo-
scopic scissors, which may reduce the refractori-
ness and recurrence  [  23  ]    . Complete esophageal 
obstruction typically precludes antegrade endo-
scopic dilation, but can be treated with a rendez-
vous procedure. The rendezvous procedure 
simultaneously combines direct antegrade endos-
copy and retrograde endoscopy via a gastrostomy 

in order to visualize the stricture from both sides 
and provide transillumination in order to accu-
rately dissect and recannulate the lumen  [  53  ] . 

 Stenting for benign esophageal strictures due 
to radiation may be considered, but durable 
results from temporary stent placement have 
been disappointing. Esophageal stenting for 
radiation strictures have resulted in less than 
50% of the patients having stricture resolution. 
Both self-expanding metal stents and more 
recently, self-expanding plastic stents, have been 
tried. Radiation strictures considered for stenting 
would include longer, tortuous, or smaller diam-
eter that are refractory to standard treatment 
 [  54  ] . More favorable outcomes have been 
recently reported with self-expanding stents after 
placement and upon subsequent removal  [  55  ] . 
Rarely, patients have required surgical resection 
of the esophagus and gastric pull up with pha-
ryngeal reconstruction  [  49  ] .   

   Anastomotic Stricture 

   De fi nition 

 An anastomotic stricture occurs at a surgical anas-
tomosis following resection or bypass of an abnor-
mal segment of the GI tract. The most common 
surgical procedure resulting in a stricture affect-
ing swallowing is esophagectomy for esophageal 
cancer (Fig.  42.4 ), with stricture a major source of 
morbidity in these patients  [  38,   56  ] .   

   Incidence 

 Esophageal cancer is the most rapidly increasing 
GI malignancy, with an estimated 16,640 new 
cases in 2010 and 14,500 deaths  [  57  ] . Up to 50% 
of cancer patients present with locoregional dis-
ease and undergo esophagectomy either with or 
without chemoradiation  [  58  ] . The reported inci-
dence of stricture after esophagectomy has been 
highly variable and depends on the de fi nition of 
signi fi cant stricture, with stricture measurement 
being problematic. Inability to pass a standard 
9–10 mm endoscope has been used by some 

  Fig. 42.3    Radiation stricture—upper esophageal stric-
ture with scoring due to radiation for cancer       
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authors, which will underreport strictures over 
10 mm in size, while others rely on surrogates 
such as the development of dysphagia (which can 
occur in the absence of stricture) or performance 
of dilation, which will over report strictures  [  56  ] . It 
is therefore not surprising that a recent systematic 
review found that eight randomized controlled tri-
als reported a wide range of stricture incidence, 
occurring in 0–37% of the patients  [  59  ] . However, 
the incidence is signi fi cant in most series, with one 
representative recent large series (which de fi ned 
stricture by the presence of dysphagia requiring 
dilation)  fi nding that 253 (42%) patients developed 
a stricture with 55 of these being refractory (need-
ing more than ten dilations for symptom relief) 
 [  60  ] . Thus, anastomotic stricture is a  common 
complication of esophagectomy. 

 Strictures also occur in other conditions 
requiring esophageal anastomosis with a classic 
example being reestablishment of esophageal 
continuity in children presenting with esophageal 
atresia. Two recent large series found strictures 
requiring dilation in 8% of 101 and 37% of 62 
such children  [  61,   62  ] .  

   Pathophysiology 

 Surgical technique has been carefully studied in an 
attempt to reduce stricture incidence. A systematic 
review examined randomized trials of hand-sewn 
versus stapled transthoracic anastomosis and 

found no difference in stricture rate  [  59  ] . In addi-
tion, there was no difference between cervical 
and thoracic anastomosis in these series  [  59,   63  ] . 
The size of stapler used for anastomosis has also 
been evaluated with a recent study of 194 patients 
 fi nding no difference between small 23–25 mm 
and large 28–33 mm EEA staplers  [  64  ] . The use 
of a colon conduit has been reported to cause 
less anastomotic strictures  [  60,   65  ] , but is declin-
ing in usage. Surgical technique is in evolution 
with minimally invasive transhiatal thoracoscopic/
laparoscopic esophagectomy (MIE) in rapid devel-
opment. A recent metaanalysis analyzed eight 
trials comparing MIE to open esophagectomy and 
found an increase in stricture rate  [  66  ] , suggesting 
that stricture incidence may increase as MIE is 
more widely adopted. 

 Conduit ischemia and anastomotic leakage are 
well-recognized risk factors for stricture develop-
ment. For example, in 363 patients followed for 
more than a month in a recent series, 9% developed 
ischemia and 11% had a leak  [  65  ] . Eighty patients 
were found to have a stricture de fi ned as inability to 
pass a 9 mm endoscope with both ischemia and 
leak being associated with stricture formation (10 
strictures occurring in 21 patients with ischemia, 
13 of 28 patients with leak, and 5 of 10 with both, 
although 52 of 80 stricture patients had neither) 
 [  65  ] . Likewise, anastomosis leakage was associ-
ated with subsequent strictures in a large series of 
607 patients, as well as cardiovascular disease (via 
the mechanism of ischemia presumably)  [  60  ] . In 
this series, the development of refractory strictures 
was predicted independently by leakage, chemora-
diation, and stricture development within 90 days 
 [  60  ] . Conduit ischemia is not surprising in this set-
ting as the gastric tube is supplied exclusively by 
the right gastroepiploic artery. 

 Acid might also play a role in stricture forma-
tion with prevention possible in some patients by 
prevention of acid re fl ux postoperatively. A ran-
domized, controlled trial of 80 patients found 
strictures in 5 of 39 (13%) patients receiving twice 
daily PPI therapy as compared to 18 of 40 (45%) 
who did not  [  67  ] . PPI therapy successfully reduced 
acid exposure in both the gastric tube as well as 
the esophageal segment above the anastomosis 
(although the latter in the supine position only).  

  Fig. 42.4    Anastomotic stricture—stricture followed 
transhiatal esophagectomy for esophageal cancer       
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   Diagnosis 

 The presence of a stricture is suggested by the 
development of dysphagia and con fi rmed by 
endoscopy. Dysphagia can be caused by tortuous 
postoperative anatomy or abnormal swallowing 
mechanics in the absence of stricture  [  56  ]  and 
thus always requires endoscopic evaluation prior 
to instituting therapy  [  58  ] . Late stricture develop-
ment (more than 1 year) is suggestive of cancer 
recurrence and should be evaluated accordingly.  

   Management 

 Stricture dilation with either wire-guided Savary 
dilators or through- the-endoscopic low compli-
ance balloons is the current standard of care, and 
is associated with a high success rate. Of 244 
patients requiring dilation in one series, dilation 
was successful in 83% de fi ned as the ability to 
eat solids (11% were excluded by dying before 
symptomatic relief was achieved)  [  60  ] . Success 
rates of 93% and 77% have also been reported 
 [  58,   65  ] . Some authors have used Maloney dila-
tors and then taught patients to self-dilate  [  38  ] , 
although this technique is not in widespread use. 

 In part because dilation failures still occur and 
in part because some patients require frequent 
repeat dilations, newer techniques are in develop-
ment including electrocautery incision of the 
stricture with a polypectomy snare or needle-
knife  [  68,   69  ] . Because of a negative recent ran-
domized trial suggesting that incision and Savary 
dilation are equivalent, the addition of balloon 
dilation to incision therapy or additional cautery 
with argon plasma coagulation has been sug-
gested  [  68,   70,   71  ] .   

   Esophageal Rings 

   De fi nition 

 Esophageal rings are smooth, thin (<4 mm axial 
length) mucosal structures that compromise the 
esophageal lumen at the gastro-esophageal junc-
tion and are composed of squamous mucosa 

above and columnar epithelium below (Fig.  42.5 ) 
 [  72  ] . The ring described above is a B ring, also 
known as a Schatzki ring. There is no muscular 
component to mucosal esophageal rings and thus 
the caliber of the lumen does not change during 
peristalsis. Another, less common, esophageal 
ring characterized by muscular hypertrophy and 
located in the body of the esophagus is called the 
A ring. This hypertrophied muscle is located 
approximately 2 cm above the gastroesophageal 
junction, is covered with squamous epithelium 
on both sides, and can change in diameter with 
peristalsis  [  73  ] .   

   Prevalence 

 Lower esophageal rings are seen in up to 14% of 
routine barium examinations, but symptomatic 
rings account for only about 0.5% of these stud-
ies, meaning that these rings are considered to be 
normal structures in many people  [  74  ] . A Schatzki 
ring is responsible for about 26% of all patients 
with esophageal dysphagia  [  75  ] . The muscular 
A-ring rarely causes any symptoms.  

   Pathophysiology 

 The cause of lower esophageal rings is unclear. 
Almost all cases of Schatzki ring occur in patients 
with hiatal hernias, and some studies have shown 

  Fig. 42.5    Schatzki’s ring—ring at gastroesophageal 
junction       
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an association with GERD and the development 
of esophageal rings  [  76,   77  ] , but evidence from 
other research would contradict this observation 
 [  78,   79  ] . Interestingly, the presence of a Schatzki 
ring is associated with a lower incidence of 
Barrett’s esophagus  [  80  ] , but do not protect 
against acid re fl ux  [  81  ] . In recent years, the emer-
gence of eosinophilic esophagitis, often with 
concentric rings, as a prominent cause of dys-
phagia has led many researchers to evaluate the 
link between eosinophilic esophagitis and lower 
esophageal rings. This association was  fi rst 
described in the pediatric population by Nurko 
et al. in 2004, when nearly 50% of the patients 
with a Schatzki ring met histologic criteria for 
eosinophilic esophagitis. While lower esophageal 
rings can certainly be present in eosinophilic 
esophagitis, biopsy studies have shown a marked 
difference between mucosal biopsy specimens of 
patients with eosinophilic esophagitis compared 
with patients with a ring  [  82  ] .  

   Diagnosis 

 Patients with a symptomatic ring typically pres-
ent with solid food dysphagia. Patients frequently 
report symptoms located in the neck, followed by 
the sternal notch, and then the mid-chest  [  83  ] . 
A ring narrowing the esophageal lumen to less 
than 13 mm almost always causes symptoms, 
while rings over 20 mm rarely present with dys-
phagia. While patients usually have intermittent 
symptoms for months or even years, their  fi rst 
presentation to a healthcare provider may be with 
food impaction. The classic presentation is dys-
phagia after eating meat, the so-called “steak-
house syndrome,” but breads and other dry foods 
are also common offenders. 

 The diagnosis can be made with a barium 
esophagram (Fig.  42.6 ), which has up to a 95% 
sensitivity in symptomatic patients with a lower 
esophageal ring if performed properly  [  84  ] . 
In the same study, upper endoscopy was shown to 
be less accurate with a detection rate of 58%, 
although the yield of endoscopy depends on the 
size of the scope used, the diameter of the ring, 
and the experience of the endoscopist. If upper 

endoscopy is performed and is negative in a 
patient with solid food dysphagia, it should be 
followed with a barium study of the lower esoph-
agus. Manometry offers little in this clinical set-
ting and was unable to differentiate patients with 
lower esophageal rings from controls  [  85  ] .   

   Management 

 The treatment of Schatzki ring has classically 
involved dilation with bougie or balloon dilators, 
and both seem to have similar ef fi cacy  [  86  ] . In 
contrast to peptic strictures, the goal of dilation in 
lower esophageal rings is to fracture, as opposed 
to merely stretching, the ring. The safety of abrupt 
and aggressive dilation is well established and 
most series report no complications to the proce-
dure. The exception to this rule may be when the 
Schatzki ring is associated with eosinophilic 
esophagitis, where the safety of dilation is still 
controversial. Several studies have shown an 
increased risk of perforation in dilation performed 
in eosinophilic esophagitis patients, while other 
studies have refuted this claim  [  87–  89  ] . If eosino-
philic esophagitis is suspected, dilation should be 
delayed and biopsies should be taken. If biopsies 

  Fig. 42.6    Schatzki’s ring—esophagram showing typical 
ring at gastroesophageal junction       
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con fi rm this diagnosis, medical management can 
be pursued instead of dilation. 

 Unfortunately, while most patients initially 
improve after dilation, many studies have shown 
that recurrence of the ring is common, with 68% 
of the patients being symptom free at 1 year post-
dilation and only 11% being symptom free at 
5 years postdilation  [  90  ] . In another study of 61 
patients with symptomatic Schatzki rings, 63% 
developed recurrent dysphagia in the 75-month 
follow-up after initial successful dilation  [  91  ] . 
Risk factors for recurrence of the ring have not 
been identi fi ed, although studies have shown that 
initial diameter of the ring did not predict the 
need for repeat dilation  [  90,   91  ] . The presence of 
GERD has been shown to correlate in some 
 studies, but no association was found in others. 
Given this uncertainty, it seems reasonable to 
treat patients with lower esophageal rings and 
re fl ux esophagitis with acid suppression therapy, 
despite the lack of evidence that such treatment 
decreases the need for dilation  [  92  ] . 

 All patients with rings treated with dilation 
should be told to monitor for symptoms and 
advised that recurrence is likely, and that dilation 
may need to be repeated if dysphagia returns. 
Patients should also be reminded of lifestyle 
modi fi cations to reduce the incidence of food 
impaction such as chewing thoroughly, cutting 
food into small pieces, and eating slowly.   

   Esophageal Webs 

   De fi nition 

 Esophageal webs are thin, eccentric, super fi cial 
structures of the esophageal mucosa that effec-
tively narrow the lumen (Fig.  42.7 ). Webs are less 
often circumferential membranous structures. 
They are most commonly found in the proximal 
esophagus on the anterior wall of the postcricoid 
region, though they may be found throughout the 
esophagus. Most esophageal webs are asymptom-
atic; however, if symptoms are attributed to an 
esophageal web, then a proximal location is more 
likely. Proximal webs are often referred to as “cer-
vical webs” and may present with extraesophageal 

symptoms of nasal re fl ux and oropharyngeal 
regurgitation in addition to classic esophageal dys-
phagia. Distal esophageal webs can cause a pattern 
of intermittent dysphagia (“steak house syn-
drome”) with problem foods and pills.   

   Prevalence 

 Given the frequent asymptomatic nature, the true 
prevalence of esophageal webs is unknown and 
may be as high as 5–15% of dysphagic patients 
 [  93  ] . A radiographic investigation of 1134 dys-
phagic patients revealed 7.5% of patients had 
esophageal webs. Esophageal mucosal webs may 
be more frequently noticed as endoscopists are 
more aware of eosinophilic esophagitis, which 
can present with both rings and webs on imaging 
studies.  

   Pathophysiology 

 Esophageal webs may be divided into congenital 
or acquired causes. Congenital webs are assumed 
to be present from childhood through adulthood 
and attributed to a defect in the development of 
the squamous mucosa during embryonic stages. 
A described congenital triad of  fi ndings has been 
known as Plummer–Vinson or Paterson–Brown–
Kelly syndrome which includes: dysphagia, glos-
sitis, and iron de fi ciency anemia with the  fi ndings 

  Fig. 42.7    Web—cervical web       
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of esophageal webs on imaging studies. Genetic 
and nutritional factors are likely to play a role. 
The syndrome tends to occur in the  fi fth and sixth 
decades with a 3:1 male-to-female ratio. There is 
an increased risk for esophageal squamous cell 
cancer associated with this syndrome. 

 Acquired mucosal webs are the consequence 
of mucosal damage and subsequent healing and 
repair of the mucosa. Caustic exposures of the 
esophageal mucosa that have been cited include: 
acid re fl ux, caustic ingestion, chemo and radio-
therapy, pill esophagitis, and infection. There has 
been association with other chronic conditions 
such as thyroid disease, Zenker’s diverticuli, graft 
vs. host disease, pemphigoid and epidermolysis 
bullosa, psoriasis, and eosinophilic esophagitis. 
Gastric inlet patches in the proximal esophagus 
have also been associated with esophageal web 
formation  [  94  ] . 

 Esophageal webs are composed of connective 
tissue within both the mucosal and submucosal 
layers. The overlying squamous epithelium is 
endoscopically normal. Microscopic appearance 
of webs may be completely normal but may also 
include in fl ammatory cells in the subepithelial 
tissue. There is no involvement of and beyond the 
muscularis mucosa as is seen with the more dense 
lesions of esophageal strictures.  

   Diagnosis 

 Most mucosal webs are diagnosed incidentally 
during endoscopy due to the increased volume of 
these procedures performed as the initial imag-
ing study for esophageal symptoms. Webs may 
be missed on endoscopy as highly proximal 
esophageal lesions may be disrupted during 
endoscopic intubation of the esophagus and thus 
not detected upon with drawing of the endo-
scope. Barium swallow study remains a more 
sensitive imaging method to detect webs in 
patients who clinically report dysphagia, espe-
cially when a predominance of oropharyngeal 
symptoms is present (Fig.  42.8 ). Videoradiography 
is helpful in fully characterizing these lesions as 
anatomic views from two different vantage 
points are employed.   

   Treatment 

 Most esophageal webs are asymptomatic and 
subsequently do not require therapy. Mild symp-
toms may be amenable to simple adjustment of 
eating habits including cutting and biting foods 
into small pieces and then followed by slow, pur-
poseful chewing and swallowing. If there is nota-
ble dysphagia, then endoscopic dilation either 
with Savary wire-guided bougie or “through the 
scope” balloon dilators is reasonable. Unlike dis-
tal esophageal rings where a single large bore 
bougie dilation is recommended, more gentle and 
gradual dilation of webs is prudent as these can 
be related to active in fl ammatory changes and 
tend to be more fragile to dilation  [  95  ] . There has 
been an association with several of the secondary 
causes of webs and an increased occurrence of 
esophageal perforation. Newer endoscopic thera-
pies to disrupt the webs have been described; 
YAG laser therapy has been used successfully in 
some patients to open the esophageal lumen. 
Rarely aggressive surgical intervention is 
required, including esophagectomy for refractory 
and extensively involved esophageal mucosa. 

 Preventative therapy is best directed at symp-
tomatic patients who have a likely secondary fac-
tor to explain mucosal damage such that treatment 
can be directed appropriately towards a speci fi c 
factor. Patients with suspected re fl ux disease 
should be treated with acid suppression therapy 
and instigate antire fl ux measures. If eosinophilic 

  Fig. 42.8    Cervical web—esophagram       
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esophagitis is possible, then biopsy diagnosis 
must be made and treatment with topical steroids 
prescribed.   

   Key Points 

    Peptic strictures occur in the setting of GERD, • 
and most frequently present with dysphagia.  
  Medical management with proton pump • 
inhibitors and esophageal dilation will typi-
cally improve dysphagia symptoms.  
  Radiation strictures are more common if • 
radiation was given in combination with 
chemotherapy.  
  Esophageal rings are thin mucosal folds in the • 
distal esophagus that partially occlude the 
lumen, typically presenting with solid food 
dysphagia. Barium esophagram or endoscopy 
are the diagnostic tests of choice.  
  Esophageal webs are often asymptomatic, but • 
more likely to be symptomatic the more proxi-
mally located in the esophagus.  
  Secondary causes of esophageal mucosal • 
in fl ammation should be addressed when treat-
ing esophageal webs.  
  The incidence of anastomotic strictures is • 
increased in patients with anastomotic leaks 
or conduit ischemia.  
  Caustic strictures can occur from either acid • 
or alkaline ingestion.  
  Endoscopic dilation remains the primary mode • 
of treatment for esophageal stricture.         
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   Epidemiology 

 True foreign bodies may be the result of either 
unintentional or intentional ingestion. The most 
common patient group that unintentionally 
ingests foreign bodies is children. Eighty percent 

of foreign body ingestions occur in children with 
most occurring between the ages of 6 months and 
3 years  [  1,   2  ] . Pediatric ingestions are almost 
always accidental, due to the child’s natural oral 
curiosity  [  3  ] . The most common items ingested 
by children are coins but also frequently include 
small toys, crayons, buttons, pins, jewels, nails, 
pins, and disk batteries  [  3–  7  ] . 

 In adults common risk factors include impaired 
tactile sensation, compromised judgment, and 
occupational hazards. Patients with impaired oral 
tactile sensation may ingest a foreign body during 
swallowing because of their dentures or dental 
work  [  8,   9  ]  and are at high risk of ingesting one’s 
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own dentures  [  10  ] . Additionally, patients with 
compromised judgment or senses such as the 
very elderly, demented, or intoxicated are more 
likely to ingest a foreign body. Accidental coin 
ingestion has been encountered in young college 
students secondary to a popular drinking game 
“Quarters” where a quarter may inadvertently 
be swallowed and become lodged in the esopha-
gus  [  11  ] . A third patient group at a higher risk of 
accidental foreign body ingestion is based on 
occupational hazards associated with roofers, 
tailors, carpenters, or seamstresses. These patients 
have an increased rate of foreign body ingestion 
due to accidental swallowing of nails or needles 
placed in the mouth during work. 

 Intentional ingestion of foreign bodies is 
frequent in psychiatric patients or prisoners 
 [  12,   13  ]  (Fig.  43.1 ). These patients ingest foreign 
bodies for a secondary gain and often have a 
history of previous foreign body ingestion, ingest 
multiple objects, and often ingest the most com-
plex objects.  

 Esophageal food impaction is a much more 
common problem than true esophageal foreign 
body ingestion with an estimated annual inci-
dence of 13–16 episodes per 100,000 people  [  14  ] . 
The majority (75–100%) of patients who present 
with a food impaction have some type of predis-
posing esophageal pathology  [  14–  18  ]  (Fig.  43.2 ). 
The most commonly observed abnormalities 
associated with food impaction are Schatzki’s 
rings or peptic strictures and with increasing 
frequency eosinophilic esophagitis  [  19  ] . Less 
commonly found as the predisposing cause are webs, 
extrinsic compression, surgical anastomoses, fun-
doplication wraps, and bariatric gastroplasties  [  20  ] . 
Esophageal cancer rarely presents with acute 
food bolus impaction but should be considered 
if history is supportive  [  21,   22  ] . Motility disor-
ders such as achalasia, diffuse esophageal spasm, 
and nutcracker esophagus are infrequent causes 
of food impactions  [  23  ] .  

 Food impactions most commonly occur in 
adults starting in their fourth or  fi fth decade of 
life but are becoming more prevalent in young 
adults due to the increasing incidence of eosino-
philic esophagitis. The type of food impacted 
correlates with cultural and regional dietary habits. 

In the United States meat such as hot dogs, pork, 
beef, and chicken is the most common while in 
Asian countries and coastal areas  fi sh and  fi sh 
bones are the most common food to result in 
impaction  [  24–  26  ] .  

   Pathophysiology and Pathogenesis 

 The majority, 80–90%, of ingested foreign bod-
ies and food bolus impactions will pass sponta-
neously without clinical sequelae  [  27  ] . However, 
10–20% of GI foreign bodies will require endo-
scopic intervention  [  15,   21,   28  ] . Therefore, it is 
important to understand how ingested foreign 
bodies can result in signi fi cant disease and which 
patients are more likely to ingest complex for-
eign bodies, and in which parts of the GI tract 
foreign bodies are most likely to cause damage. 
This will ensure appropriate use of endoscopic 
intervention. 

 The most common complications related to 
foreign bodies are obstruction and perforation 
which can occur in any area of the GI tract where 
there is narrowing, angulation, anatomic sphinc-
ters, or previous surgery  [  29  ] . The posterior 
hypopharynx is the  fi rst area of the GI tract in 
which a foreign body may become lodged, 

  Fig. 43.1    Endoscopic photo of an eye glass lens impacted 
in the esophagus of a psychiatric inpatient       
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 particularly small sharp objects such as needles, 
chicken, or  fi sh bones  [  30,   31  ] . 

 In the esophagus there are four areas of physi-
cal narrowing where a food bolus or foreign body 
is likely to impact. These include the upper 
esophageal sphincter, the level of the aortic arch, 
the crossing of the main stem bronchus, and the 
lower esophageal sphincter/gastroesophageal 
junction. All of these areas have been shown to 
be the areas of true luminal narrowing with diam-
eters of 23 mm or less in the adult patient  [  32  ] . 
Independent of the physiologic areas of narrow-
ing the majority of food boluses are associated 
with esophageal pathology including rings, webs, 
diverticuli, and peptic strictures  [  33  ] . Multiple 
esophageal rings associated with eosinophilic 
esophagitis lead to esophageal food impaction at 
much greater incidence in young adults  [  19,   34  ] . 
Uncommonly, esophageal motor disturbances 
such as achalasia, diffuse esophageal spasm, or 
segmental variations in peristalsis may contribute 
to food and foreign body impactions  [  35–  38  ] . 

 Foreign bodies and food impactions in the 
esophagus generally have the highest incidence 
of complications with the rate of complication 
being directly proportional to the time the object 
spends in the esophagus. Esophageal foreign 

bodies may lead to perforation, abscess, medias-
tinitis, pneumothorax,  fi stula formation, and 
cardiac tamponade  [  39,   40  ] . 

 Among patients presenting with symptoms 
related to a foreign body, the perforation rate has 
been estimated to be as high as 5% overall and up to 
35% for sharp and pointed objects  [  21,   41  ] . 
Esophageal perforation is the most frequent cause 
of signi fi cant morbidity and mortality  [  39  ] . The risk 
of perforation of the esophagus increases dramati-
cally when foreign bodies or food boluses are left 
impacted in the esophagus for greater than 24 h. 
Other reported complications secondary to esopha-
geal foreign bodies, including those that have been 
reported to lead to fatalities, are gastrointestinal 
bleeding, aortoenteric  fi stulae, aspiration, abscess 
formation, and true rarities such as perforation of 
the heart and lead and zinc toxicity  [  42–  48  ] .  

   Clinical Features 

   History and Physical Examination 

 For communicative adults a history of ingestion 
including timing, type of foreign body ingested, 
and onset of symptoms is usually reliable. History 

  Fig. 43.2    ( a ) Endoscopic photo of a patient that presented 
with acute dysphagia and chest pain during dinner. Endoscopy 
revealed a mixture of duck and peas that were successfully 

passed into the stomach with the push technique. ( b ) Same 
patient after clearance of food with esophagus showing a dis-
tal peptic stricture which led to the food impaction       
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is particularly reliable for food impactions as 
patients are almost always symptomatic and can 
detail the exact onset of symptoms. Small sharp 
objects or  fi sh bones often present with a foreign 
body sensation or odynophagia in the posterior 
pharynx or cervical esophagus. This can occur 
even if the foreign body has passed to the stomach 
because of a small esophageal mucosal lacera-
tion. Esophageal obstruction, partial or complete, 
almost always results in symptoms such as sub-
sternal chest pain, dysphagia, gagging, vomiting, 
or a sensation of choking  [  49  ] . More complete 
obstruction can lead to drooling and the inability 
to handle oral secretions. 

 The type of symptoms may aid in determining 
whether an esophageal foreign body is still present 
and where in the esophagus it may be located. 
If the patient presents with dysphagia, dysphonia, 
or odynophagia there is almost an 80% chance 
that a foreign body or food impaction will be 
present. If the symptom is only retrosternal pain 
or pharyngeal discomfort less than 50% of 
patients will have an identi fi able esophageal 
foreign object  [  50  ] . The patient may be able to 
successfully localize the object in the posterior 
pharynx or at the level of the cricopharyngeal 
muscle. However, for objects located more dis-
tally in the esophagus and into the stomach, 
patient localization becomes poor with an accu-
racy of 30–40% in the esophagus and almost 0% 
in the stomach  [  51,   52  ] . 

 The history and symptoms for true foreign 
bodies are often less reliable than food impaction 
because true foreign bodies are often ingested by 
children, mentally impaired adults, or adults who 
have ingested the foreign body for secondary gain. 
With esophageal foreign bodies, 20–38% of chil-
dren will be asymptomatic  [  51,   53  ] . Further, in 
children and non-communicative adults there may 
be no history of a foreign body ingestion from the 
patient or the caregiver in up to 40% of cases  [  54  ] , 
necessitating a high degree of suspicion. 
Symptoms are more subtle and include drooling, 
poor feeding, blood-stained saliva, or a failure to 
thrive  [  54,   55  ] . Respiratory compromise may 
occur with aspiration or a proximally located 
esophageal foreign body that compresses the tra-
chea causing wheezing and stridor  [  54,   56  ] . 

 Past medical history is important in regard to 
previous episodes of either food impaction or 
foreign body ingestion. Previous food impaction 
or a previous need for esophageal dilation makes 
recurrent episodes more likely. A history of aller-
gies (asthma, allergic rhinitis, urticaria, hay fever, 
atopic dermatitis, food or medicine allergy) 
may be a clue that the patient has eosinophilic 
esophagitis  [  57  ] . Patients with previous true 
foreign body ingestion are often patients who 
are multiple ingestors that are more likely to 
ingest multiple objects and complex objects. 

 Physical exam and laboratory data will aid 
little in determining the presence or location of a 
foreign body, but is important to detect potential 
ingestion-related complications, and possible 
underlying causes. Determination of airway and 
level of consciousness is crucial before any endo-
scopic or non-endoscopic intervention. Lung 
examination should be performed to detect the 
presence of wheezing or aspiration. Esophageal 
or oropharyngeal perforation may result in 
swelling, erythema, or crepitus of the neck or 
chest region. Laboratory data usually add little to 
what is already known. Peripheral eosinophilia is 
present in only 50% of patients with eosinophilic 
esophagitis  [  58  ] .   

   Diagnosis 

 For suspected true foreign bodies diagnostic 
evaluation should begin with plain  fi lm radio-
graphs. Patients with suspected foreign body 
ingestion should undergo anteroposterior and 
lateral radiographs of the chest and abdomen to 
help determine the presence, type, and location of 
a foreign body  [  41  ]  (Fig.  43.3 ). Anteroposterior 
and lateral neck and chest  fi lms are suggested if 
there is a suspicion of a foreign body in the 
esophagus vs. the trachea or if there is a foreign 
object that may be obscured by overlying spine 
 [  54,   59  ]  (Fig.  43.3 ). Plain  fi lms also aid in detect-
ing complications such as aspiration, abdominal 
free air, or subcutaneous emphysema  [  49,   60  ] .  

 Radiographic studies are more controversial 
in children. Since history is often poor from chil-
dren, mouth-to-anus screening  fi lms have been 
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advocated in suspected foreign body ingestions 
 [  41  ] . Others have suggested a more directed 
approach or non-radiographic methods in deter-
mining the presence and location of foreign bod-
ies in children  [  61  ] . To limit radiation handheld 
metal detectors have been used with a sensitivity 
of >95% for the detection and localization of 
metallic foreign bodies  [  62  ] . 

 Plain  fi lms are satisfactory in some true for-
eign bodies and occasionally in food ingestions 
with larger bones. However, smaller bones or 
thin metal objects are not readily seen and many 
objects including plastic, wood, and glass are 
not radiopaque  [  4  ] . False-negative rates with 
plain  fi lms are as high as 47% and false-positive 
rates close to 20% in the investigation of foreign 
bodies  [  50,   63  ] . False-negative rates for food 
impactions have been reported as high as 87% 
 [  64  ] . Further, 35% of  fi lms read by a non-radiol-
ogist for the presence of foreign bodies have been 
found to be misread  [  65  ] . 

 Generally, it is accepted that barium studies 
should not be performed in the evaluation of gas-
trointestinal foreign bodies. If aspiration occurs 
the hypertonic contrast agents used can cause acute 
pulmonary edema  [  66  ] . Barium evaluation can 
delay a necessary therapeutic endoscopic proce-
dure by interfering with endoscopic visualization 
and complicating removal of a foreign body  [  67  ] . 

 Advanced imaging such as computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) 

may be used in unusual or dif fi cult to diagnose 
cases and may aid in detecting soft-tissue in fl a-
mmation or the presence of an abscess. Three-
dimensional computed tomography has been 
used to diagnose foreign bodies not seen with 
other imaging and may aid in detecting compli-
cations of foreign body ingestion such as perfora-
tion or abscess prior to the use of endoscopy. 
MRI may have a role in demonstrating soft-
tissue peri-esophageal pathology  [  54,   68,   69  ] . 
MRI should never be performed prior to plain 
 fi lms being obtained to rule out an occult metal 
ingestion. 

 Endoscopy provides the most accurate diag-
nostic modality in suspected foreign body inges-
tions and food impactions. Any patient with 
persistent symptoms and a continued clinical 
suspicion of a gastrointestinal foreign body 
should undergo an upper endoscopy even after 
negative or unrevealing radiographic evaluation 
 [  70  ] . This approach ensures the correct diagnosis 
of food impactions, non-radiopaque, and radio-
paque objects that are obscured by overlying 
bony structures  [  29  ] . 

 Endoscopy is the best method to detect under-
lying pathology such as esophageal strictures or 
rings that contribute to a food impaction or for-
eign body that would not pass readily through the 
GI tract. Endoscopy can also closely examine the 
gastrointestinal mucosa to assess for laceration or 
damage that may contribute to continuing symp-

  Fig. 43.3    ( a ,  b ) Posterior–anterior and lateral chest X-ray of a young child with a coin impacted in the upper esophagus       
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toms after a foreign body has spontaneously 
passed. Foremost, diagnostic endoscopy is 
directly linked to when endoscopy will be used 
for therapy—treatment or extraction of a known 
or suspected foreign body. Diagnostic endoscopy 
is contraindicated when there is physical exam or 
radiographic evidence of a bowel perforation 
anywhere in the esophagus.  

   Treatment 

 Seventy- fi ve to ninety percent of foreign bodies 
pass through the GI tract spontaneously without 
complication  [  15,   71  ] . Two recent studies have 
emphasized conservative management with 
86–97% of foreign bodies passing spontaneously 
with minimal complications  [  72,   73  ] . Importantly, 
esophageal foreign bodies were excluded from 
the above studies and generally conservative 
management or just observing esophageal for-
eign bodies to see if they pass with time is not 
accepted therapy. 

 A number of medical therapies for esophageal 
foreign bodies or food impactions have been 
studied as primary treatment or in conjunction 
with endoscopic therapy. The most frequently 
used medication is glucagon, a smooth muscle 
relaxant which signi fi cantly reduces lower esoph-
ageal sphincter pressure  [  74  ] . Doses of 0.25–
1.0 mg in a single or divided dose are acceptable 
doses when attempting to treat esophageal for-
eign bodies or food impactions with glucagon. 
Glucagon has reported successes of 12–58% in 
treating esophageal food impactions  [  75–  77  ] , but 
may be less successful in meat food impactions 
 [  78  ] . A randomized trial, however, found gluca-
gon no better than placebo in treating children 
with coins lodged in the esophagus  [  79  ] . Glucagon 
is generally safe but may result in nausea, abdom-
inal distension, and rarely vomiting. Glucagon is 
less likely to work with a  fi xed obstruction 
present. Further glucagon does not provide 
de fi nitive examination and treatment of coexisting 
esophageal pathology as will  fl exible endoscopy. 
Glucagon may however help when used with 
endoscopy by lowering lower esophageal sphincter 
pressure and facilitating the endoscope pushing 

a food impaction into the stomach  [  80  ] . Given the 
safety of glucagon and ease of use it is worth-
while to give the majority of patients a trial of 
glucagon before endoscopy is attempted. If the 
patient has relief of symptoms and is able to 
handle  fl uids this can be considered a successful 
treatment. 

 Nitroglycerin and nifedipine are other smooth 
muscle relaxants that have been anecdotally 
described as promoting passage of esophageal 
impactions into the stomach but should be 
avoided due to low ef fi cacy and high number of 
side effects  [  41  ] . Medical methods that have been 
described but should be avoided are gas-forming 
agents, emetics, and papain meat tenderizer. Gas-
forming agents combined with a smooth muscle 
relaxant have been reported to have success rates 
of almost 70% in clearing esophageal foreign 
bodies into the stomach  [  81  ] . However, esopha-
geal rupture and perforation have occurred with 
these agents, particularly if there is a  fi xed 
obstruction or the foreign body has been present 
for greater than 6 h  [  82,   83  ] . Papain, a meat ten-
derizer, used for the treatment of food impaction 
and emetics are two methods which should never 
be used because of the risk of esophageal necro-
sis, perforation, and aspiration  [  33,   84,   85  ] . 

 The radiologic literature has multiple descrip-
tions of methods to remove esophageal foreign 
bodies under  fl uoroscopic guidance, particularly 
in the pediatric population. Reported methods 
include extraction with Foley balloon catheters, 
suction catheters, wire baskets, or a magnetic 
catheter to extract ferromagnetic metal objects 
 [  60,   86  ] . The largest experience has been with 
Foley catheters where the catheter is passed either 
nasally or orally into the esophagus and past the 
foreign body. The balloon is then in fl ated and 
withdrawn to deliver the foreign body to the 
oropharynx where it can be retrieved. Though 
high success rates have been reported, the major 
drawback is loss of control of the foreign body, 
particularly at the level of the upper esophageal 
sphincter and laryngopharynx. In addition, radi-
ology methods can be challenging or impossible 
to perform on objects that are radiopaque and 
cannot be seen on  fl uoroscopy. Complications 
reported include nosebleeds, dislodgment of the 
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foreign body in the nose, laryngospasm, vomit-
ing, and of largest concern aspiration with resul-
tant airway obstruction and even death  [  87,   88  ] . 
As radiologic methods do not match the ef fi cacy 
or safety of endoscopy few indications exist for 
their use. Radiologic methods to remove foreign 
bodies or food impactions should be limited to 
when endoscopy is not available or cannot be 
available within 12–24 h. 

 Flexible endoscopy has clearly become the 
diagnostic and therapeutic method of choice in 
both true gastrointestinal foreign bodies and 
food boluses in both the pediatric and adult 
population. This is based upon multiple, large 
series using endoscopy for the treatment of 
gastrointestinal foreign bodies with success 
rates greater than 95% and associated morbidity 
and mortality reported at 0% in most studies but 
always less than 5%  [  5,   14–  17,   67,   89–  92  ] . 
Though treatment failures are rare, predictors 
of endoscopic failure and complications include 
intentional ingestion, ingestion of multiple 
complex foreign bodies, and lack of patient 
cooperation  [  41  ] . 

 The indication and timing for intervention 
with endoscopy is important. Generally, if a 
patient is symptomatic, intervention is required. 
For esophageal foreign bodies this includes 
patients with odynophagia, dysphagia, vomiting, 
inability to handle secretions, drooling, chest 
pain, or the sensation of a present foreign body. 
If the patient is not overtly symptomatic or cannot 
accurately give a history concerning their symp-
toms, the location (esophageal vs. already passed 
to the stomach) and characteristics of the foreign 
body de fi ne the need for intervention. 

 As a general rule all esophageal foreign bodies 
and food impactions require intervention in an 
urgent or emergent fashion. No foreign body 
should be allowed to remain lodged in the esoph-
agus greater than 24 h and generally should be 
assessed and treated within 6–12 h of presenta-
tion. The time a foreign body is present in the 
esophagus is directly related to an increase in 
complications  [  93,   94  ] . 

 Prior to initiating endoscopic therapy for 
foreign bodies and food boluses, proper proce-
dure, equipment, and patient preparation will 
increase the success rate while maintaining a low 
complication rate. The endoscopist should be 
aware of the type of foreign bodies that may be 
encountered in that particular patient and the 
safest method to remove these objects. Prior to 
endoscopy it may be bene fi cial to perform a “dry 
run” on a similar object ex vivo  [  15  ] . This allows 
proper retrieval device selection and will make 
the extraction safer and easier. 

 Endoscopes, endoscopic retrieval devices, and 
accessory equipment available to assist in the 
removal of foreign bodies and food impactions 
are listed in Table  43.1 . Prior to an attempt at 
removing complex foreign bodies an endoscopy 
suite should be equipped with a minimum of a rat 
tooth forceps, polypectomy snares, Dormier 
baskets, and retrieval nets  [  27,   95  ] .  

 Standard size overtubes that extend past the 
upper esophageal sphincter and overtubes of 
length 45–60 cm that extend past the lower 
esophageal sphincter should be available. An 
overtube provides airway protection, allows fre-
quent passes of the endoscope, and protects the 
mucosa from super fi cial and deep lacerations 

   Table 43.1    Equipment for treatment and removal of gastrointestinal foreign bodies and food impactions   

 Endoscopes  Overtubes  Accessory equipment 

 1) Flexible endoscope  1) Standard esophageal overtube  1) Retrieval net 
 2) Rigid endoscope  2) 45–60 cm foreign body overtube  2) Alligator or rat tooth forceps 
 3) Laryngoscope  3) Dormia basket 
 4) Kelly or McGill forceps  4) Polypectomy snare 

 5) Three-pronged grabber 
 6) Magnetic extractor 
 7) Steigmann–Goff variceal ligator cap 
 8) Latex protector hood 
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 [  96  ]  (Fig.  43.4 ). The longer overtube can aid in 
removing sharp objects and objects that cannot 
be pulled retrogradely through the lower esopha-
geal sphincter. The longer overtube may be used 
in esophageal bodies that need to be pushed into 
the stomach  fi rst before retrieval. A latex protec-
tor hood that can be simply attached to the end of 
the endoscope also helps prevent mucosal trauma 
in retrieval of sharp objects when overtubes are 
not available or when objects cannot easily be 
pulled through an overtube  [  97,   98  ] .  

 The  fl exible endoscope is the preferred endo-
scopic method for treating foreign bodies and 
food impactions because of the high success rate, 
low complication rate, availability, patient com-
fort, affordability, and lack of need for general 
anesthesia  [  30,   99  ] . Rigid esophagoscopy has 
equal ef fi cacy to  fl exible endoscopy in the treat-
ment of esophageal foreign bodies. Rigid endo-
scopes require the use of general anesthesia and 
may be particularly effective for larger objects in 
the proximal esophagus that are unable to easily 
pass retrograde through the upper esophageal 
sphincter  [  100  ] . Flexible nasoendoscopes have 
been suggested as an alternative to standard 

 fl exible endoscopes particularly in screening for 
the presence of esophageal foreign bodies. 
However, nasoendoscopes have limited therapeu-
tic use in the removal of an esophageal foreign 
body  [  101  ] . Laryngoscopes with the aid of a 
Kelly or McGill forceps should be available and 
may help in the removal of small, sharp objects at 
the hypopharynx. 

 Intravenous conscious sedation will provide 
enough needed sedation in the majority of adult 
patients with foreign bodies or food impactions. 
General anesthesia with endotracheal intubation 
in certain patients is preferred as it provides com-
plete control over the airway and the patient. 
General anesthesia should be used in the majority 
of pediatric patients and should be considered in 
uncooperative patients, patients who are dif fi cult 
to sedate, and patients with multiple or complex 
foreign bodies in whom removal will take an 
extended period of time or have failed previous 
extraction. 

 Finally, an ex vivo study has shown that 
success and speed of foreign body retrieval is 
directly related to endoscopist experience  [  96  ] . 
For complex foreign bodies the most experienced 
endoscopist at an institution should attempt 
endoscopic retrieval. If concern exists about 
experience with foreign body retrieval or a lack 
of necessary endoscopic equipment and accesso-
ries, the patient should be transferred to a tertiary 
care center for successful treatment and extrac-
tion of the foreign body. 

   Food Bolus Impaction 

 Esophageal food bolus impaction is the most 
common “foreign body” in adults that can cause 
symptoms and require endoscopic intervention. 
In the United States the most common impacted 
foods are meat products including beef, chicken, 
pork, and hot dogs  [  20,   21  ] . Food impaction 
may occur in association with alcohol ingestion 
during which the patient may not chew food 
as carefully, leading to the terms, “Steakhouse 
Syndrome” and “Backyard Barbecue Syndrome.” 
In Asia and coastal areas the most common food 
foreign bodies are  fi sh bones. Fish bones rarely 

  Fig. 43.4    Endoscopic photo of a clear overtube with 
food impaction just distal. Patient with esophageal cancer 
ate a bowl of chicken noodle soup which could not be 
pushed into the stomach. An overtube that went through 
the upper esophageal sphincter and covered the airway 
allowed multiple passes of the endoscope facilitating 
removal of the food impaction       

 



62343 Esophageal Foreign Bodies: Food Impaction and Foreign Bodies

cause food impaction but cause symptoms 
because of the sharp and pointed ends of bones 
that either impact into the esophageal mucosa or 
cause mucosal tears. 

 Food boluses may pass spontaneously, thus 
endoscopic intervention needs to be based on 
symptoms. If there is evidence of near or com-
plete obstruction with the patient unable to 
handle their secretions, salivating, or drooling, 
endoscopy should be performed on an urgent 
basis. If the patient has the sensation of the food 
bolus passing either spontaneously or after pre-
endoscopy glucagon a gentle trial of  fl uids then 
solids may be suf fi cient, and endoscopy can be 
avoided. However, if there is any concern that 
the food bolus remains, endoscopy should be 
performed as all esophageal food impactions 
should be removed in 24 h due to increased com-
plications with ideal removal in the  fi rst 6–12 h 
after the onset of symptoms  [  27,   102,   103  ] . 
Further, endoscopy is indicated because of the 
high esophageal-related pathology associated 
with food impactions. Lack of appropriate follow-
up has been shown to be a predictor for recurrent 
food impactions  [  104  ] . 

 The accepted  fi rst endoscopic method used for 
the treatment of esophageal food impactions is the 
“push technique” with success rates over 90% and 
minimal complications  [  17  ] . This technique 
entails gently pushing the esophageal food bolus 
into the stomach with the endoscope. Prior to 
pushing the food bolus into the stomach an attempt 
should be made to steer the endoscope around the 
impaction and into the stomach. This allows 
assessment of the nature and degree of any 
obstructive esophageal pathology beyond the food 
bolus. Generally, if an endoscope can be advanced 
around a food bolus and past any obstruction into 
the stomach the push technique will be success-
ful. After steering around the food bolus the endo-
scope is pulled back proximal to the food 
impaction and the food is gently pushed forward. 
This is aided by esophageal muscle relaxation 
induced by sedation, expansion of the esophageal 
lumen with endoscopic air-insuf fl ation and intra-
venous glucagon if it has been given  [  41  ] . 

 Even if the endoscope cannot be initially 
maneuvered around the impaction a trial of 

gently pushing the food bolus can be safely 
attempted. However, forcefully pushing the endo-
scope or blindly advancing dilators or retrieval 
devices past the food bolus is not recommended 
because of the high percentage of patients with 
esophageal pathology  [  27,   41  ] . This may result in 
mucosal tears or rarely perforation of the esopha-
gus. For larger food impactions, particularly 
meats such as chicken or beef that can be broken 
apart, the push technique can be performed after 
breaking the meat into smaller pieces with a 
forceps or snare and then pushing the smaller 
pieces into the stomach. 

 With the increasing prevalence of eosino-
philic esophagitis extra care should be taken 
pushing food through the esophagus blindly due 
to the potential increased chance of perforation 
and mucosal tears  [  105  ] . Particular care should 
be used in using rigid endoscopes if eosino-
phillic esophagitis is suspected with perforation 
rates reported as high as 20%  [  106  ] . However, 
more recent studies have suggested that food 
impaction in patients with eosinophilic esophagi-
tis can be treated effectively and safely with the 
push method and still should be considered the 
 fi rst attempted endoscopic therapy of food 
impactions  [  19  ] . 

 Certain cases of food impactions cannot be 
safely pushed into the stomach and must be 
retrieved with the endoscope via the mouth. An 
overtube is useful to protect the airway and 
allow multiple passes of the endoscope. This is 
particularly useful in meat impactions such as 
pork or chicken in which the food will shred 
and break into multiple pieces before it can be 
completely removed. Standard endoscopic 
grasping forceps, snares, and baskets used 
under direct visualization can be employed 
alone or together. The Roth retrieval net can be 
particularly useful in managing food impac-
tions as the food bolus can be contained com-
pletely within the net avoiding the use of an 
overtube and minimizing the risk of aspiration 
 [  107  ] . For well-impacted food boluses the use 
of a Steigmann–Goff endoscopic ligator with 
the bands removed can be used to suction up 
large pieces of food that can be removed via the 
mouth  [  108,   109  ] .  
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   Sharp Objects 

 Sharp and pointed objects account for a third of 
all perforations caused by GI foreign bodies 
and if untreated up to 15–35% of sharp/pointed 
foreign bodies may lead to a gastrointestinal 
complication. Sharp objects, particularly tooth-
picks and animal bones, are the most likely to 
cause a perforation leading to the need for surgi-
cal management  [  110  ] . Bones, toothpicks, and 
dental bridgework are the most common inadver-
tently swallowed sharp foreign bodies. More 
complex and varied pointed objects such as razor 
blades, pins, needles, nails, writing instruments, 
and metal wires are seen in patients with psychi-
atric illnesses or incarcerated patients. Sharp 
objects are often the most dif fi cult esophageal 
foreign bodies to remove and may have higher 
complication rates associated with their removal. 

 Sharp objects in the esophagus should be 
addressed in an emergent fashion with an attempt 
to remove the object within 6–12 h after inges-
tion. When removing sharp ingested foreign 
bodies Chevalier Jackson’s axiom should be 
remembered; “advancing points puncture, trail-
ing points do not”  [  111  ] . When removing sharp 
objects, the foreign body should be grasped in a 
position so that the sharp or pointed end trails 
distally to the endoscope thus lowering the chance 
of a signi fi cant procedure related perforation or 
mucosal trauma during extraction. This is espe-
cially important in retrieving sharp objects from 
the esophagus. If the sharp side of the object is 
facing towards the upper esophagus (cranial) the 
object should not be grabbed and pulled retro-
grade as the sharp point of the object can tear the 
mucosa or even perforate the esophagus. In such 
sharp objects, the foreign body can be gently 
pushed into the stomach. Once in the stomach the 
foreign body can be rotated and grasped on the 
blunt end of the object. With the blunt end facing 
upwards and being the advancing end the object 
can then usually be safely removed with minimal 
trauma. 

 Polypectomy snares and foreign body retrieval 
forceps such as a rat tooth or alligator forceps are 
the most commonly used devices for removing 
sharp foreign bodies with the most endoscopic 

control. If the size and shape of the foreign body 
prohibits easy withdrawal of the object an over-
tube, either standard or foreign body overtube 
(45–60 cm) should be used to protect the esopha-
gus, airway, and oropharynx  [  98  ] . An alternative 
is a soft latex protector hood that provides 
mucosal protection. The hood is simply placed or 
tied to the end of the endoscope with suture and 
folded back upon itself to obtain endoscopic 
visualization. After the foreign body is grasped, 
as it is pulled through the lower or upper esopha-
geal sphincter the hood  fl ips over the end of the 
endoscope and the tightly grasped foreign body 
which is protected within the hood.  

   Coins, Button Batteries, and Magnets 

 Coins are the most common and button batteries 
one of the most dangerous foreign bodies in chil-
dren. Coins in the esophagus that are not promptly 
removed can result in pressure necrosis of the 
esophageal wall with possible perforation or 
 fi stulaization. In children prior to attempted 
endoscopic removal, airway protection should be 
provided via general anesthesia with endotra-
cheal intubation. In adults small coins will usually 
pass through the esophagus and do not need to be 
treated but larger coins such as quarters may 
become lodged. In older children or adults 
particularly those who have the coin in the distal 
third of the esophagus a short period of observa-
tion of 8–16 h or less may be acceptable to see if 
the coin passes spontaneously into the stomach 
and a procedure can be avoided  [  112  ] . For an 
adult, an overtube can be used for airway pro-
tection if the coin can be pulled through it. 
Pinch biopsy forceps should be avoided because 
greater control is provided with a rat tooth forceps 
or a basket. The preferred retrieval device for 
coins is a retrieval net which allows easy snaring 
of the coin and additionally protects the airway as 
the coin is pulled past the larynx  [  96  ]  (Fig.  43.5 ). 
Retrieval with a net can be performed by directly 
snaring the coin in the esophagus and then pull-
ing out the endoscope, net, and coin in toto. 
Alternatively if there is no resistance, the coin 
can be gently pushed into the stomach and then 
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more easily snared and retrieved by the net and 
subsequently removed via the mouth. Bougieage 
has been suggested as a safe and relatively affec-
tive way to push the coin out of the esophagus 
and into the stomach when endoscopy is not 
readily available but should be avoided in centers 
with  fl exible endoscopy due to lack of control 
and possible complications  [  113  ] .  

 Button batteries are of special concern because 
they may contain an alkaline solution that can 
rapidly cause a liquefaction necrosis of esopha-
geal tissue resulting in perforation or  fi stula for-
mation. Ten percent of ingested button batteries 
become symptomatic, with children less than 
5 years of age being the most common victims 
 [  114  ] . The incidence of button battery ingestion 
and severe complications from ingestion has 
continued to rise with the increased number of 
devices that use button batteries  [  115  ] . The mech-
anism of injury can be caused by direct corrosive 
action, low-voltage burns, and pressure necrosis 
 [  15  ] . Thus any clinical suspicion or radiographic 
evidence of a disk battery localized in the esoph-
agus should lead to emergent endoscopy. 

 In the retrieval of button disk batteries it is 
crucial to protect the airway with endotracheal 
tube intubation in children or an overtube in 
adults or older children. Traditionally the but-
ton battery had a high endoscopic failure rate 
of up to 60% of cases because its shape and 
contour made it dif fi cult to grasp  [  116  ] . The use 

of the Roth retrieval net has solved this problem 
making retrieval of button batteries successful 
in almost all cases. The battery can be retrieved 
from the esophagus or pushed into the stomach 
and retrieved. One in the stomach and beyond 
button batteries rarely cause problems but case 
reports exist of damage even outside the esoph-
agus re-iterating the need for all button batteries 
to be removed in the shortest time possible 
 [  117,   118  ] . 

 Ingested magnets within the reach of the 
endoscope should also be removed on an urgent 
basis. Single magnets rarely will cause symp-
toms. However, the concern exists if multiple 
magnets are ingested it is unable to be discerned 
how many magnets were ingested or if magnets 
were ingested with other metal objects. This can 
lead to attraction between magnets to each other 
and possible subsequent pressure necrosis,  fi stula 
formation, and bowel perforation  [  119,   120  ] . 
This will rarely occur in the esophagus proper, 
but if a magnet is present in the esophagus and it 
is known or unclear if the patient ingested other 
magnets or metal objects, removal from the 
esophagus is recommended before it passes into 
the rest of the GI tract. Removal can be performed 
with rat tooth forceps, retrieval nets, or wire 
baskets. Using metal retrieval devices that attract 
the magnet may also make it easier to remove 
the magnets.  

   Long Objects 

 Objects longer than approximately 5–10 cm may 
have dif fi culty passing through the lower esopha-
geal sphincter thus impacting the esophagus and 
often are dif fi cult to remove through the upper 
esophageal sphincter. Objects of concern are 
toothbrushes, spoons/forks, and pens/pencils. The 
objects can easily be grasped with a snare or bas-
ket. The object must be grabbed at the end of the 
object to allow retrograde removal through the 
lower esophageal sphincter, esophagus, and upper 
esophageal sphincter. Grasping the object near the 
center will orient the object in a horizontal plane 
prohibiting pulling the long object through the 
lower esophageal sphincter or the esophagus. 

  Fig. 43.5    Coin in the stomach of an infant. The coin was 
impacted in the esophagus. It was gently pushed into the 
stomach and then removed with a retrieval net       
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   Iatrogenic Foreign Bodies 
 The two most common iatrogenic esophageal 
foreign bodies are impaction of capsule endos-
copy or an esophageal stent that has migrated or 
is electively removed. Capsule endoscopy reten-
tion is rare, approximately 2% or less, and is 
usually a result of an unsuspected esophageal 
stricture  [  121  ] . Management and removal of 
impacted capsule endoscopy is generally per-
formed with a retrieval net. The primary dif fi culty 
usually lies in withdrawing the scope, net, and 
capsule across the upper esophageal sphincter. 
An overtube or the use of general anesthesia can 
be useful in such situations. 

 Esophageal stents that have migrated and 
not functioning properly or are retreived on an 
elective basis for the treatment of benign esoph-
ageal strictures can be removed via the endo-
scope by multiple methods. The most common 
methods used to remove self-expanding metal 
stents is grasping the proximal end of the stent 
with a snare or rat tooth forceps and then slowly 
removing retrogradely through the mouth. 
Other methods described have been invaginat-
ing the stent or turning it inside out  [  122  ] , using 
a foreign body protector hood  [  123  ] , or using 
endoloops to compress the esophagus  [  124  ] . 
With newer stents made to be removable, 
retrieval is even easier by grasping a suture at 
the proximal end of the stent with a rat tooth 
forceps and slowly pulling and twisting the 
stent retrograde out of the esophagus  [  125  ] . 
Removal is often made easier, particularly in 
removing across a malignant stricture if general 
anesthesia is used.    

   Postoperative Care 

 For uncomplicated removal of true foreign 
bodies or food bolus impactions postoperative 
care should be no different than standard endos-
copy. Each institution should follow its routine 
post-procedure recovery guidelines according to 
whether the procedure was performed under con-
scious sedation or general anesthesia. Thus, the 
majority of patients with foreign bodies and food 
impactions can be treated as outpatients. If the 

patient recovers without sequelae, the patient, 
family, or parents should observe the patient for 
any sign of complications in the next 24 h. Food 
bolus patients should be educated in methods of 
reducing further impactions including eating 
more slowly, chewing foods thoroughly, and 
avoiding troublesome foods  [  41  ] . 

 Consideration should be made for admitting 
certain patients for 24-h observation post-proce-
dure. These include young children, patients with 
multiple or complex foreign bodies, and patients 
in whom extraction and treatment of the foreign 
body was technically dif fi cult. 

 If the extraction was dif fi cult, if there was 
any evidence on endoscopy of a complication 
secondary to the foreign body or the endoscopic 
removal, or the patient shows signs of a compli-
cation post-procedure the patient requires obser-
vation and further investigation. The largest 
concern is esophageal perforation and the best 
outcomes and survival occur when this is recog-
nized early  [  15  ] . Any evidence of post-procedure 
fever, tachycardia, shortness of breath, chest/
abdominal pain, or crepitus should lead to prompt 
plain  fi lms followed by contrast radiographic 
studies and surgical consultation.  

   Complications 

 The complication rate of endoscopic treatment of 
gastrointestinal foreign bodies or food impactions 
ranges from no complications found in the major-
ity of studies to 1.8%  [  5,   14,   15,   17,   21,   67,   126  ] . 
The most common complication associated with 
endoscopic removal of foreign bodies is esopha-
geal perforation. Though no prospective data 
exists, risk factors thought to increase the compli-
cation rate are the uncooperative patient, the mul-
tiple ingestor, the deliberate ingestor such as a 
prisoner or psychiatric patient and the removal of 
sharp and pointed objects. Other complications 
reported with endoscopic removal of foreign bod-
ies are gastrointestinal bleeding, aspiration, and 
cardiopulmonary complications secondary to 
sedation. These complications do not occur at a 
rate signi fi cantly different than the complication 
rate found in standard upper endoscopy.  
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   Management After Foreign 
Body Clearance 

 Greater than 75% of patients with food or foreign 
body impactions are found to have esophageal 
pathology at the time of the index or follow-up 
endoscopy  [  14,   15,   17  ] . Further, more than half 
of patients have abnormal 24-h pH studies and 
almost half have abnormal esophageal manome-
try  [  18  ] . In the majority of patients if a benign 
stricture or Schatzki’s ring is visualized after 
clearance of the food bolus the narrowing can be 
effectively and safely dilated at the time of the 
same endoscopy. Occasionally esophageal 
mucosal erythema, edema, and abrasions from 
the food bolus or the endoscope may interfere 
with accurate endoscopic diagnosis and safe dila-
tion treatment. These patients can be placed on 
acid suppression and have an elective endoscopy 
with possible dilation in ~4–6 weeks. If multiple 
esophageal rings or linear mucosal furrows are 
present, biopsies should be obtained to evaluate 
for eosinophilic esophagitis, but dilation should 
generally be avoided  [  127,   128  ] . Adequate fol-
low-up is required in patients with esophageal 
foreign bodies and food impactions. This allows 
correct identi fi cation and adequate treatment of 
any predisposing causes to food bolus impaction 
or foreign body ingestion and may prevent recur-
rent episodes.      
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   Head and Neck Surgery 

   Cervical Spine and Thyroid Surgery 

 Cervical spine surgery is indicated for the correc-
tion of cervical radiculopathy or myelopathy 
related to spondylosis or cervical disk herniation. 
The goal of the surgery is decompression of the 
nerve root or cord by removing the diseased disk 

or osteophytes. The disk is replaced, usually with 
allografted bone, to maintain the intervertebral 
space. The disk space can be exposed through an 
anterior or posterior approach depending on 
speci fi c disease-based factors. 

 The anterior cervical approach places the 
esophagus as well as recurrent laryngeal nerve 
and the pharyngeal plexus at risk during dissec-
tion. Injuries to these structures, as well as swell-
ing from retraction, can contribute to 
postoperative dysphagia. Several studies cor-
roborate a postoperative dysphagia rate from 30 
to 69 % in the  fi rst few weeks after surgery  [  1, 
  2  ] . Speci fi c risk factors that increase the likeli-
hood of dysphagia have been described and 
include high BMI,  multiple cervical level sur-
gery, and re-operative surgery. In some circum-
stances, metal plates are placed anterior to the 
vertebral repair in order to stabilize the healing 
bone graft. Their presence seems to contribute to 
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the incidence of dysphagia in proportion to the 
thickness of the plates themselves  [  3,   4  ] . 

 Several investigators have reviewed the natu-
ral history of dysphagia after anterior cervical 
surgery and found that the dysphagia tends to be 
most severe early on, likely as a result of swell-
ing. It slowly resolves over 1–3 months, but some 
patients continue to describe some level of dys-
phagia years after surgery. In a prospective study 
of 221 patients after anterior cervical surgery, 
Bazaz described the change in dysphagia over 
time. The group reported an overall incidence of 
dysphagia of 50 % at 1 month, 32 % at 2 months, 
and 18 % at 6 months. The incidence of moder-
ate-to-severe dysphagia at 6 months was 5 %  [  5  ] . 
Lee et al., found a dysphagia rate of 13.6 % in a 
cohort of 310 patients followed 2 years after sur-
gery  [  3  ] . 

 One confounding factor in this population of 
patients is the seemingly high incidence of pre-
operative dysphagia. One group studied patients 
undergoing anterior cervical surgery preopera-
tively with video  fl uoroscopic swallowing evalu-
ations. They found 48 % of patients had objective 
 fi ndings of swallowing dysfunction, but none had 
subjective symptoms of dif fi culties with swal-
lowing. Thus, careful preoperative evaluation 
may predict the likelihood of developing pro-
longed postoperative dysphagia  [  6  ] . 

 Early and progressively worsening dysphagia 
should be evaluated with barium studies and per-
haps CT scan to rule out the presence of hema-
toma formation or retropharyngeal abscess from 
inadvertent esophageal perforation or deep space 
infections. Other correctable causes of dysphagia 
in this population include stricture formation from 
 fi brosis related to plates, or unrecognized self-
limited infections. Recurrent laryngeal nerve inju-
ries have been reported and tend to present more 
with hoarse voice than with dysphagia. Concurrent 
presentation of voice changes and dysphagia 
imply injury to the main trunk of the vagus—most 
likely only in high cervical surgery  [  7  ] . 

 Thyroid surgery for benign or malignant dis-
ease is a common procedure that exposes patients 
to the risk of recurrent laryngeal and superior 
laryngeal nerve injury. The most common reason 
for litigation after thyroid surgery is injury of the 

recurrent laryngeal nerve and its attendant effect 
on the character of a patient’s voice  [  8  ] . Not as 
well recognized or reported are the long-term 
effects on swallowing function. As with anterior 
cervical surgery, some degree of early postopera-
tive dysphagia related to tissue swelling has been 
reported to approach 15 % in patients with no 
nerve injury, and as high as 30 % in patients with 
unilateral nerve injury  [  9,   10  ] . 

 A confounding factor is the preoperative pres-
ence of dysphagia in patients who undergo thy-
roidectomy. This is as a result of a mechanical 
obstruction by an enlarged gland or tumor, inva-
sion of tumor into the neural or esophageal struc-
tures, or as a result of preoperative radiation 
therapy to the tumor bed. There is a paucity of 
literature to provide an accurate estimate of the 
incidence of preoperative dysphagia; however, 
given the cervical surgery literature it is likely 
signi fi cant. There have been two prospective 
studies looking at baseline dysphagia in patients 
with thyroid disease. Lombardi and colleagues 
used a quality of life questionnaire to identify 
dysphagia in 52 of 110 patients preoperatively. 
One week after surgery 73.6 % of these patients 
had worse dysphagia, but at 3 months their swal-
lowing returned to preoperative baseline, and at 
1 year it had improved signi fi cantly in all but 
20 %  [  11  ] . 

 A second study by Greenblatt and colleagues 
also used a validated quality of life tool (SWAL-
QOL) to investigate pre- and postoperative dys-
phagia. The SWAL-QOL instrument measures 
the impact of dysphagia on several different 
dimensions of function and produces a range of 
scores from 0 (very poor QOL) to 100 (perfect). 
In this study, 116 patients completed the quality 
of life instrument preoperatively with the mean 
score of the group re fl ecting, “imperfect swal-
lowing.” The physical domain, which encom-
passed symptoms such as food sticking, choking 
when eating, or drinking, was 81.2 preopera-
tively. The patients were scored again 1 year after 
surgery and at this point had a statistically 
signi fi cant improvement to 87.1 ( p  < 0.0001). The 
group did not report any data on early dysphagia 
following surgery, which is a limit of the study, 
but certainly by 1-year post-procedure the 
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patient’s swallowing QOL was better than at 
baseline  [  12  ] . 

 Evaluation of these patients should begin with 
understanding the operative details. For cervical 
disk surgery these details include the surgical 
approach, the number of levels fused, and the use 
of plating. For thyroid surgery they include the 
extent of surgery (total vs. partial thyroidectomy), 
evidence of recurrent laryngeal nerve injury, and 
the use of radiation. A modi fi ed barium swallow 
will illuminate swallowing dysfunction and may 
also elucidate the impact of the cervical plates on 
swallowing function. It will identify stricture for-
mation and aspiration related to disordered swal-
lowing mechanisms. Indirect laryngoscopy to 
evaluate for laryngeal nerve injury is indicated if 
changes in the patients’ voice occur in conjunc-
tion with dysphagia. 

 Therapeutic interventions in this group of 
patients tend to be supportive in the  fi rst few 
months unless early dysphagia is secondary to 
hematomas or abscess. Long-term dysphagia is 
managed by supportive functional therapy with 
the help of speech pathologists. Unfortunately, 
the literature is sparse regarding the impact of 
functional therapies on postoperative dysphagia. 
Endoscopic dilation of strictures, and Botulinum 
toxin injection for some motor dysfunctions are 
also options  [  10,   11  ] .   

   Foregut Surgery 

 The explosion of minimally invasive procedures 
in the late 1980s began with Dr. Eric Muhe’s 
reports of the  fi rst video-laparoscopic cholecys-
tectomies  [  13  ] . The improvement in recovery and 
decrease in overall patient morbidity inspired 
many groups to direct the new techniques at other 
surgical pathology. Dallemagne reported the  fi rst 
laparoscopic fundoplication, followed shortly 
thereafter by the  fi rst reported laparoscopic bar-
iatric procedures  [  14  ] . As the eagerness of both 
patients and surgeons grew for the bene fi ts of 
minimally invasive procedures, many patients 
began seeking out surgery for common problems 
such as gastroesophageal re fl ux and obesity. 
Unfortunately, the sharp increase in demand for 

surgery coupled with a  fl edgling experience in 
laparoscopic surgery created a perfect storm for 
postoperative complications. 

   Fundoplication 

 Rudolph Nissen  fi rst described  trans -abdominal 
fundoplication for GERD in 1958  [  15  ] . The goal 
of the operation was to buttress the LES by 
wrapping the gastric fundus around the lower 
esophagus, and in doing so also create a longer 
intra-abdominal esophagus. The length of 
esophagus wrapped with fundus at that time was 
nearly 5 cm long, which offered complete reso-
lution of GERD, but at the cost of often 
signi fi cant, disabling dysphagia from obstruc-
tion of the esophageal outlet. The modern ver-
sions of the fundoplication offer shorter, looser, 
and even partial wrapping of the esophagus, 
which signi fi cantly reduce the incidence and 
severity of dysphagia. 

 Dysphagia after fundoplication is common in 
the  fi rst 2–8 weeks after surgery, with half of 
those who undergo surgery reporting some level 
of dysphagia. As swelling of the hiatus, esopha-
gus, and stomach resolves, so should the symp-
toms. Dietary modi fi cation to a full liquid diet for 
1–2 weeks postoperatively is often used to avert 
severe symptoms from solids traversing the swol-
len and wrapped esophagus  [  16,   17  ] . Swelling 
should resolve within the  fi rst month after sur-
gery and, if present, should not be severe. If 
symptoms persist beyond 8 weeks or are severe at 
any point, then further evaluation is warranted 
(Table  44.1 ).  

 The greatest risk factor for postoperative dys-
phagia is the presence of preoperative dysphagia, 
and thus evaluation should begin with the patient’s 
preoperative symptoms  [  18  ] . Dysphagia can be 
caused by primary motor disorders of the esopha-
gus, impairment of motility related to signi fi cant 
acid exposure and esophagitis, or stricture forma-
tion. Postoperatively, patients can have signi fi cant 
gastroesophageal re fl ux if the operation was not 
successful in restoring the integrity of the LES, 
either from a poorly constructed fundoplication 
or dehiscence of the hiatal closure. 
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 Understanding dysphagia after fundoplication 
should begin with understanding several opera-
tive details. The ideal fundoplication loosely 
encircles the distal intra-abdominal esophagus 
for a length of 2–2.5 cm if complete (Nissen) or 
up to 3 cm if partial (Toupet wrap). Closure of the 
hiatus should also be loose enough to allow the 
easy passage of food boluses, but snug enough to 
contribute to the anti-re fl ux barrier (ARB). 
Frequently, surgeons use a bougie to calibrate 
both the tightness of the wrap and hiatal closure. 
The use of a bougie reduces the incidence of 
postoperative dysphagia  [  19  ] . 

 The details of hiatal closure are also important 
as the use of nonabsorbable mesh to reinforce this 
closure has become more popular and is a well-
known contributor to dysphagia both in the early 
and late postoperative periods. More recently, the 
use of bio-absorbable mesh appears to produce 
less associated dysphagia and signi fi cantly less 
risk of erosion, and in some trials a signi fi cant 
decrease in recurrence of hiatal hernias in the 
early postoperative period  [  20,   21  ] . 

 Postoperative evaluation of dysphagia begins 
with either endoscopy or barium study. Barium 
studies are most helpful if performed by an expe-
rienced radiologist and with the use of either a 
13 mm barium tablets, or barium soaked cookie 
or marshmallow. These help illustrate the loca-
tion of obstruction to varied consistencies of 
food. Additionally, barium studies can show the 
presence of a hiatal hernia and suggest a twisted 
or slipped wrap. Additionally, some understand-
ing of the disordered esophageal motor function 
like esophageal spasm, esophageal dilation, or 
achalasia can be obtained. High-resolution esoph-
ageal manometry is also useful in identifying 

esophageal outlet obstruction from a too tight 
fundoplication (Fig.  44.1 ). It is the method of 
choice for identifying disorders of esophageal 
motor function.  

 If there is evidence of obstruction to  fl ow 
across the GEJ, then endoscopic evaluation is 
important to determine the cause of this obstruc-
tion. If UGI does not suggest a slipped, recurrent, 
or twisted wrap, then the culprit could be a wrap 
that is too tight or too long. If obstruction is pres-
ent then a trial at dilation is reasonable as up to 
67 % of patients will derive some improvement, 
many (75 %) after only one dilation  [  16,   17  ] . The 
degree of dilation is variable and can be guided 
by knowing the size of bougie, if any, used at the 
time of surgery to calibrate the fundoplication or 
hiatal closure. 

 If the UGI suggests abnormal orientation of 
the wrap, then endoscopy will be important in 
evaluating the construction of the wrap itself. 
Fundoplications have characteristic views on 
retro fl exed evaluation  [  22  ] . The two most com-
mon fundoplications are the 360° Nissen fun-
doplication and the 270° posterior partial Toupe 
fundoplication. The presence of a hiatal hernia 
on UGI should be investigated endoscopically 
to exclude the presence of a paraesophageal her-
nia component that is compressing the distal 
esophagus and causing dysphagia. The presence 
of a double-chambered stomach can occur with 
a slipped fundoplication or a twisted wrap. 
A slipped fundoplication usually occurs when the 
length of the esophagus was misjudged and the 
fundus is wrapped around the proximal stomach, 
or the wrap itself slips onto the stomach due to a 
combination of downward pressure exerted by 
the diaphragm and a retracting, foreshortened 

   Table 44.1    Causes of dysphagia following fundoplication   

 Location  Technical reasons  Inherent disease 

 Esophagus  Too loose a wrap with recurrent esophagitis  Preoperative peptic stricture 
 Achalasia 
 Scleroderma 
 Eosinophilic esophagitis 

 Hiatus/chest  Too tight a cruroplasty, in fl ammatory reaction from mesh, failure 
of repair with herniation of wrap, paraesophageal component 

 Stomach/fundus  Too tight a wrap, wrap includes greater curvature (twisted), wrap 
slipped onto stomach, too long a wrap 

 Gastroparesis 
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esophagus. Obstruction to  fl ow of this type may 
lead to dilation of the proximal stomach pouch. A 
twisted wrap occurs because the wrap is formed 
between the distal greater curvature and fundus, 
instead of fundus to fundus. All three of these 
conditions usually require reoperation, albeit 
with less favorable results than a primary fun-
doplication. Dilation of the wrap in these condi-
tions has not shown itself to be of any bene fi t. 

 An uncommon, but certainly described, cause 
of post-fundoplication dysphagia is preopera-
tively unrecognized motility disorder. Achalasia 
can be an insidious disease that may present 
early with heartburn that responds partially to 
proton pump inhibitor therapy. Patients may 
have evidence of esophagitis on endoscopic 
biopsy suggesting re fl ux as an etiology. When 
achalasia is not identi fi ed preoperatively with 
esophageal manometry, fundoplication will pro-
duce a progressively worsening, and often-severe 
dysphagia  [  23  ] . Making the diagnosis of achala-
sia after fundoplication can become quite chal-
lenging, because fundoplication alone can 

increase the resting pressure and residual (relax-
ation) pressure of the LES. In this situation, the 
diagnosis of achalasia rests upon the absence of 
esophageal peristalsis. If the too tight fundopli-
cation is unattended, a form of pseudoachalasia 
with failure of esophageal peristalsis and LES 
relaxation may ensue. Normal esophageal motor 
function may not return when the fundoplication 
is taken down.  

   Bariatric Surgery 

 The popularity of weight loss surgery has grown 
signi fi cantly over the last 10 years in parallel with 
the epidemic of obesity that has swept across the 
United States. It is estimated that 34 % of the 
American population is obese, while another 5 % 
is considered morbidly obese, and thus qualify 
for weight loss surgery. By comparison only 
1.5 % of Americans who qualify pursue weight 
loss surgery, but that still resulted in 220,000 
operations in 2008  [  24–  26  ] . 

  Fig. 44.1    Tight Nissen fundoplication. This is a 
 high-resolution esophageal manometry from a patient 
with dysphagia after Nissen fundoplication. In these 
recordings pressure is depicted as color ( color bar  on the 
 right ), sensor position from the nares is on the  left , and 
time is on the  x -axis. With wet swallows (WS) there is 

normal function of the upper esophageal sphincter (UES) 
and striated muscle esophagus. The typical features of a 
tight fundoplication are failed or incomplete LES relax-
ation ( asterisk ) and elevated intrabolus pressure ( arrow ) 
as the bolus is being pushed ahead of the peristaltic con-
traction against an obstructed GE junction       
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 In the United States there are four frequently 
performed laparoscopic operations (in order of 
frequency): Roux en Y Gastric Bypass (GBP), 
Adjustable Gastric Band (AGB), Sleeve 
Gastrectomy (SG), and Biliopancreatic Diversion 
with Duodenal Switch (BPD-DS). These surger-
ies are performed laparoscopically in over 95 % 
of centers. All of the operations share restriction, 
or shrinking capacitance of the stomach, as a 
common mechanism of action. 

 Dif fi cult deglutition after weight loss surgery 
is a function of the type of surgery performed, 
and can be dif fi cult to elicit as a complaint, as 
patients often perceive some dysphagia as 
expected and a positive contributor to weight 
loss. Similar to other foregut surgery, all weight 
loss surgeries produce swelling which resolves 
over a period of 1–3 months. During this period 
of time patients can expect to have occasional 
dysphagia usually related to eating behaviors 
such as eating too large a portion or eating too 
rapidly. 

 All weight loss surgeries have in common one 
mechanism of action: restriction of the amount of 
food that one can consume. GBP also adds mal-
absorption as one of its principal components. 
GBP converts a 1.5 L capacity stomach to a small 
pouch that can contain 30–50 mL at  fi rst. Over 
time this volume increases but should rarely 
exceed 100–150 mL. The pouch is connected to a 
roux limb, which allows foodstuffs to bypass gas-
tric juices as well as all the absorption that occurs 
in the proximal jejunum and duodenum. Most 
bariatric surgeons construct a 100–150 cm roux 
limb, which allows for union of the gastric juices 
with the food well distal to the gastric pouch. 

 Sleeve gastrectomy is a relatively new weight 
loss surgery during which a long thin gastric 
sleeve is created along the lesser curvature by 
resecting the fundus, body, and a portion of the 
antrum. In doing so, a 70–120 mL pouch remains, 
which includes at least a portion of the antral mill 
apparatus, as well as the pylorus. 

 The AGB is quickly becoming the most fre-
quently performed weight loss procedure in the 
United States. It creates a small gastric pouch in 
the proximal stomach by wrapping a band around 
the upper stomach, 2–3 cm below the gastroe-

sophageal junction to form a 30 mL pouch. Along 
the inside of the band there is a soft-walled bal-
loon that is in fl ated to narrow the stomal diameter 
between the upper pouch and distal stomach. By 
in fl ating the balloon and increasing resistance to 
passage of solid food, the small gastric pouch can 
stretch and provide a sense of satiety. As patients 
lose weight, the stoma created by the band’s bal-
loon will usually increase in diameter—and thus 
patient’s portion sizes will increase. The patients 
can then have  fl uid added to the balloon to again 
narrow the stoma, decrease portion sizes and thus 
continue weight loss. 

 A popular operation in the 1970s and 1980s 
was the vertical banded gastroplasty. Although 
rarely performed currently, these patients fre-
quently present with complaints of dysphasia and 
re fl ux. The vertical banded gastroplasty formed a 
small gastric pouch by creating a staple line par-
allel to the lesser curvature. This staple line was 
not divided early on, but because of problems 
with staple line dehiscence it eventually became 
a standard practice to divide the stomach. 
Wrapping either mesh or a silastic ring around 
the outlet further restricted the out fl ow from this 
pouch. 

 Because of the inherently restrictive nature of 
weight-loss surgeries many patients can be 
expected to present, at least transiently, with 
restriction-associated dysphagia. It is important 
to know which procedure was performed and 
subsequently to understand the timeline of the 
dysphagia onset. For instance was dysphagia felt 
immediately following the operation, or has it 
worsened after more recent interventions such as 
 fi lling of the band’s balloon or ingestion of new 
medications. To understand the etiology of dys-
phagia it is best to understand the nuances that 
create dysphasia with each operation. 

   Gastric Bypass 
 GBP can create dysphagia based on dif fi culties in 
emptying the esophagus, emptying the gastric 
pouch, or propelling food past the jejuno-jejunos-
tomy. Dif fi culty emptying the esophagus can be 
due to an undiagnosed primary esophageal dis-
ease, but more commonly is secondary and 
related to the development of a hiatal hernia with 
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diaphragmatic compression of the pouch outlet. 
Although rarely reported, this phenomenon is 
important to diagnose. 

 In morbidly obese patients, the phreno-esoph-
ageal fat pad can obscure the hiatus, making it 
dif fi cult to visualize a hiatal hernia at the time of 
the primary operation. Subsequently, as the 
patient loses signi fi cant weight, the fat in and 
around the hiatus shrinks and allows develop-
ment of a sliding hiatal hernia. Frequently, these 
patients present after signi fi cant weight loss with 
severe re fl ux disease and esophagitis associated 
with dysphagia or odynophagia  [  25,   26  ] . Repair 
of this hernia frequently relieves the symptoms 
and in ideal situations is combined with an anti-
re fl ux procedure such as a Hill or Belsey repair 
done transthoracically. 

 Dif fi culty emptying the gastric pouch should 
be investigated, particularly if it occurs more than 
6 weeks after the operation. The differential diag-
nosis for dysphagia occurring greater than 
6 weeks after GBP includes strictures with asso-
ciated marginal ulcers related to roux limb isch-
emia, overproduction of acid, foreign body 
reaction, tobacco use, or NSAID use. 

 The anastomosis between the gastric pouch 
and small intestine is calibrated to be between 11 
and 14 mm in diameter. This small diameter 
anastomosis places this junction at risk for stric-
ture formation, which is reported in between 13 
and 52 % of patients undergoing endoscopy for 
UGI symptoms after GBP  [  27–  29  ] . Dysphagia 
along with regurgitation is the typical symptom 
of patients presenting with stricture formation; 
however, in one study only 39 % of patients with 
dysphagia were found to have stomal stenosis, 
and the rest had only marginal ulcers. In this same 
study, over half of the patients with stenosis also 
had an associated marginal ulcer  [  27  ] . Most 
stenosis- or ulcer-associated dysphagia occurs 
within the  fi rst 6 months after surgery, frequently 
between 6 and 18 weeks. Dysphagia related to 
strictures is improved after a single dilation in 
one half to two-thirds of patients. 

 Because strictures frequently result from over 
production of acid, the presence of a gastro-gastric 
 fi stula should be investigated. These usually appear 
endoscopically as hyperemic area associated with 

the lateral staple line of the pouch. They can be 
dif fi cult to identify endoscopically and frequently 
are more easily appreciated on barium studies. 
There have been descriptions of closure of these 
 fi stulae by endoscopic means, but with variable 
results  [  30  ] . 

 An important modi fi cation of GBP is the 
 fi xed ring or mesh reinforced gastric outlet vari-
ant. The concept that a  fi xed stoma diameter 
may help maintain long-term weight loss led to 
wrapping of proline or marlex mesh of a  fi xed 
diameter around the gastric outlet of pouches. 
Unfortunately, mesh has a tendency to shrink 
over time, patients may present years later with 
dysphagia and regurgitation from a very narrow 
gastric outlet. Furthermore, in some patients the 
mesh actually erodes into the lumen of the 
bowel, which is often mistaken for ulcer forma-
tion early in its migration. In an attempt to mini-
mize these untoward effects of mesh, some 
surgeons began placing silastic rings instead of 
mesh. Sometimes referred to as the Fobi pouch, 
this operation was popularized in the late 1990s. 
Unfortunately, many patients still reported wors-
ening dysphagia over time, but there was 
signi fi cantly less erosion and luminal migration 
with the ring. The ring however is capable of 
slipping distally, thereby occluding egress of 
foodstuffs from the pouch. Patients who present 
with these issues frequently require revisional 
surgery to either divide or remove the mesh or 
ring. Occasionally complete reconstruction of 
the gastrojejunostomy is required. A few centers 
are now endoscopically addressing the ring type 
erosions and slippages with no need for further 
surgery  [  30–  33  ] . 

 A rare contributor to dysphagia after GBP can 
be aberrant emptying of the roux limb. Stricture 
of the distal anastomosis of the roux limb is rarely 
reported and can be challenging to diagnose. 
Upper GI contrast studies that do not include a 
small bowel follow thru often miss dilation and 
stasis of the roux limb or stasis of  fl uid above the 
jejuno-jejunostomy. Once identi fi ed, this stric-
ture can be dealt with by endoscopic dilation or 
surgical revision. 

 Surgical disorientation can lead to errors in 
construction of the roux limb. This phenomenon 
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entitled, “Roux-en-O” is the inadvertent 
 anastomosis of the segment of bowel originating 
from the distal stomach to the gastric pouch. The 
segment of bowel is placed in an anti-peristaltic 
orientation, so patients present with severe dys-
phagia and frequently with bilious emesis. 
Frequently, UGI studies appear normal but care-
ful and prolonged  fl uoroscopy may identify ret-
rograde peristalsis of the contrast column. 
Intubation of the limb with high-resolution 
manometry can also identify retrograde peristal-
sis (Fig.  44.2 ). Frequently these patients undergo 
multiple revisional operations with no improve-
ment if the diagnosis is not made  [  34,   35  ] .   

   Adjustable Gastric Banding 
 The AGB is quickly becoming the most popular 
bariatric surgery in the United States  [  36  ] . There 
are currently two band manufactures in the United 
States with a total of seven different designs that 
have been implanted since FDA approval in 2003. 
The original designs incorporated low volume, 
high-pressure balloons within their bands, so 

called: 9.5 mm, 10.5 mm and Vanguard Bands 
(Allergan, Santa Barbara, CA). These lower vol-
ume bands had a narrower range at which they 
would provide resistance and not dysphagia. 
More recent iterations are created to accept higher 
volumes of saline at lower pressures, allowing a 
greater range of operation—AP-Standard, 
AP-Large (Allergan), and Realize and Realize-C 
Bands (Ethicon Endosurgery Cinncinati, OH). 

 Given that the sole mechanism of action of 
bands is impediment to  fl ow of foodstuffs, it is 
commonly associated with dif fi culty in degluti-
tion, which is not always pathologic. Dysphagia 
is often most pronounced after  fi lling of the 
band’s balloon, but is transient as minor swelling 
associated with the balloon  fi ll resolves over a 
period of 24–48 h. Less commonly, persistent 
dif fi culties in deglutition occur as a result of slip-
page of the band or chronic over fi lling of the 
band (Fig.  44.3 ). This may lead to esophageal 
dilation with or without esophageal dysmotility.  

 Band slippage occurs in 2–6 % of patients 
with AGBs. Slippage is the asymmetric  migration 

  Fig. 44.2    Reversed Roux limb. This high-resolution 
manometry was obtained from the roux limb of a gastric 
bypass patient complaining of dysphagia, postprandial 
regurgitation, and profound weight loss. It demonstrates 

retrograde propagation of both the phase III of the migrat-
ing myoelectrical complex, and its individual peristaltic 
contractions. This is the manometric pattern of a reversed 
roux limb       
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of distal stomach above the band, causing tissue 
cluttering at the stoma, which leads to out fl ow 
obstruction. It can occur gradually and at  fi rst can 
result in the loss of the sense of restriction as the 
pouch enlarges. Subsequently, patients develop 
de novo or worsening GERD, as well as dilation 
of the esophagus. As the stomal outlet narrows 
further, patients may experience sensations of 
chest pressure or pain, as well as regurgitation of 
clear sputum. Acute slippage results not only in 
these symptoms, but can also lead to acute isch-
emia of the stomach with associated acute pain 
and hematemesis. Acute slippage requires emer-
gency removal of band  fl uid and usually surgical 
intervention. Slippage is prevented by plication 
of the fundus over the band to anchor the distal 
stomach in place. 

 Esophageal dilation, after gastric banding, is 
becoming a more frequently recognized compli-
cation the early incidence of which is estimated 
from 6 to 15 %, and has been reported as high as 
68 % in longer-term studies (Fig.  44.4 ). The inci-
dence of esophageal dilation is least common in 
patients younger than 25 and more common in 
patients older than 50  [  37–  39  ] . Preoperative 

manometric  fi ndings do not appear to predict the 
development of this phenomenon; patients with 
abnormal manometry have been studied after band 
placement and have not had dilation. Conversely, 
patients with normal preoperative manometry 
seem to make up the large percentage of patients 
who develop postoperative dilation  [  37,   40  ] .  

 De fi ning esophageal dilation is a dif fi cult task, 
as there are no authoritative studies de fi ning nor-
mal esophageal diameter. Demaria, as a part of 
the original FDA band trial, de fi ned esophageal 
dilation as an increase in diameter of 30 % above 
baseline, and reported a 71 % dilation rate among 
25 patients studied. Dargent reviewed the phe-
nomenon in a series of 1,232 and reported a dila-
tion rate of 0.6 % but provided no size criteria for 
his diagnosis  [  41  ] . Milone’s retrospective study 
on 440 AGB patients de fi ned a diameter greater 
than 35 mm as dilation “based on discussion with 
the radiologists” at their institution (Table  44.2 ) 
 [  37  ] . On the basis of this de fi nition, a long-term 
study showed that of 167 patients in whom bands 
were placed, 108 had some degree of dilation with 
radiographically de fi ned abnormal motility rang-
ing from mild to severe. The study incorperated a 

  Fig. 44.3    Obstructing lap band. These are high-resolu-
tion esophageal manometries from patients with dys-
phagia after laparoscopic gastric band. In ( a ), pressures 
produced by diaphragmatic contraction with inspiration 
( asterisk ) and the LES are located at the same position 
(43–44 cm from the nares), so there is no hiatal hernia. 
Another high-pressure zone about 8 cm below the GE 
junction is caused by the AGB. Notice that there is pres-
surization of the gastric pouch following the WS, suggest-

ing an outlet obstruction. Also there is feeble peristalsis 
only in the proximal smooth muscle esophagus and fail-
ure in the distal smooth muscle esophagus. This is an indi-
cation that the esophagus is failing. In ( b ),    the LES is 
hypotensive and located at about 36 cm from the nares. 
The diaphragm ( asterisk ) and band are located at about 
7 cm below the GE junction, indicating a hiatal hernia. 
Again the WS produces pressurization of the hernia 
pouch       
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classi fi cation system developed by Dargent to 
stratify the impact of AGB on motility, and deter-
mine the therapy that should be employed to 
improve esophageal motor dysfunction. Most 
esophageal dilation was resolved with complete 
removal of  fl uid from the balloon. However, 5.5 % 
of patients had megaesophagus and pseudoacha-
lasia despite prolonged de fl ation of the band. In 

these patients the band had to be removed for res-
olution of dilation and return of normal esopha-
geal function  [  42  ] . To avoid weight regain in some 
of these patients, there is growing experience in 
conversion of AGB to either GBP or sleeve gast-
rectomy. The published literature is very small but 
seems to indicate a resolution of esophageal dila-
tion with both procedures  [  43,   44  ] .  

  Fig. 44.4    Radiographic evidence of obstructed band. In 
( a ) there is high-grade obstruction at the level of the band 
with little contrast passing into the stomach. The esopha-
gus is dilated. In ( b ),    there is again high-grade obstruction 

at the band and food materials retained in the esophagus. 
There are also tertiary contractions in the smooth muscle 
esophagus, suggesting a spastic motor disorder       

   Table 44.2    Grading of esophageal dysfunction after adjustable gastric band  [  41  ]    

 Grade of dilation  Esophogram  fi ndings  Intervention 

 I  Dilation (>35 mm) with delay in 
emptying of esophagus 

 Frequent evaluations, if symptoms are present or 
arise temporary removal of  fl uid from band 

 II  Dilated, hypercontractile esophagus 
(tertiary waves) with poor emptying 

 Temporary removal of  fl uid from band 

 III  Signi fi cant dilation of esophagus with 
anterior/posterior pouch slippage 

 Removal of  fl uid from band until resolution of 
dilation. If persistence of symptoms despite  fl uid 
removal evaluate for band revision/removal 

 IV  Massively dilated esophagus with 
failure of resolution of dilation after 
 fl uid removal from band 

 Removal of band. No clear recommendations on 
conversion to gastric bypass or sleeve gastrectomy 
based on paucity of data on outcomes of esophagus 
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 Esophageal dilation in the absence of slippage 
is likely a consequence of a chronically over fi lled 
band. In this over fi lled state the band fails to act 
as an adjustable band, but acts more like a  fi xed 
obstruction. 

 Prior studies have shown mixed results in 
terms of the effects of the band on the LES: 
decreased or no change in resting LES pressure 
and impaired LES relaxation are reported. Burton 
attempted to establish what normal manometric 
pressures should be in patients whose band is 
 fi lled to an ideal volume at which there are no 
symptoms and expected weight loss. He com-
pared 20 AGB patients to 20 preoperative patients 
with normal esophageal motility. He examined 
esophageal function at ideal  fi ll volumes (expected 
weight loss and no symptoms), 20 % below 
(under  fi ll) and 20 % above (over fi ll) ideal  fi ll 
volumes. He found that the mean intra-luminal 
pressure at the level of the band was 26.9 mmHg 
when ideally  fi lled, dropped to 2.72 mmHg when 
under  fi lled, and rose sharply to 68 mmHg when 
over fi eld. The LES relaxed normally in all of the 
subjects, although patients with AGBs seemed to 
have slightly lower resting LES pressures. At 
ideal  fi ll volumes and under  fi lled volumes peri-
stalsis was comparable to controls. Esophageal 
peristalsis was disrupted with on over fi lled AGB 
(50 % normal swallows vs. 70–80 % in controls 
and those with ideal in fl ation). The major motor 
abnormality was hypertensive contractions  [  45  ] . 
This study implies a range of intra-luminal pres-
sures at which ideal  fi ll volumes might exist and 
above which esophageal dysfunction may begin.  

   Sleeve Gastrectomy 
 Sleeve gastrectomy creates a long, narrow gastric 
conduit parallel to the lesser curvature. Sleeve 
size is calibrated by dividing the stomach along a 
bougie, which sits against the lesser curvature, 
while leaving 5–6 cm of antrum intact. The diam-
eter of bougie used varies from 32 to 60 Fr. Studies 
looking at the mechanics of this pouch revealed 
that there is a signi fi cantly lower compliance 
when compared to the native stomach, and thus 
the sleeve reaches a higher pressure at a lower 
volume  [  46  ] . One clinical effect of the low com-
pliance system is frequent complaints of dif fi culty 

swallowing in the  fi rst 4–8 weeks postoperatively. 
In addition, construction of the narrow sleeve dis-
rupts the claps/sling  fi ber interactions at the lower 
esophageal sphincter, potentially affecting its 
function  [  47  ] . De novo GERD has been reported 
in up to 21 % of patients followed for 5 years after 
sleeve gastrectomy  [  48  ] . Additionally, the cre-
ation of a very narrow sleeve can cause transient 
but signi fi cant regurgitation or dysphagia in up to 
30 % of patients  [  47  ] . 

 Dysphagia after sleeve gastrectomy is not well 
understood due to the relatively little outcome 
data available to date. Several authors report 
severe swelling leading to an inability to tolerate 
ingestion of anything but thin liquids. Severe 
dysphagia, even within the  fi rst days postopera-
tively, should be evaluated by upper GI X-rays 
with water-soluble contrast in an attempt to iden-
tify surgically correctable abnormalities. If severe 
mucosal edema is the etiology for dysphagia, 
then intolerance to liquids has typically resolved 
with I.V. hydration and time  [  49  ] . Dysphagia 
occurring within the  fi rst 6 weeks after surgery, 
particularly following normal progression to 
solid foods, may be associated with a stenosis. 
Upper GI contrast studies help de fi ne areas of 
narrowing, slow passage or frank obstruction, 
and aid in directing therapy (Fig.  44.5 ). 
Endoscopic identi fi cation of strictures and their 
dilation has been reported, but unlike strictures 
seen after GBP, these frequently require more 
than one dilation  [  50  ] . Long strictures do not usu-
ally respond to dilation therapy; authors have 
reported seromyotomy, stricturoplasties as well 
as conversions to roux y GBP  [  51  ] .  

 A cause of dysphagia unique to sleeve gastrec-
tomy is the functional obstruction. Functional 
obstruction can be caused by a kink in the thin 
gastric tube at the level of the incisura, narrowing 
where gastric tube is stapled or over sewn too nar-
rowly, and spiraling of the staple line, i.e., more 
anterior stomach is removed in relation to poste-
rior stomach creating an axial rotation. These 
defects often require intervention. Their diagno-
sis is suggested by UGI contrast studies. There 
are often only subtly abnormal endoscopic 
 fi ndings because insuf fl ation of gas can temporar-
ily dilate the area and allow passage of the scope. 
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 The evaluation of a postbariatric surgery 
patient who presents with dysphasia should begin 
with understanding the operation that was per-
formed. Obtaining either an operative report or 
discussing with the surgeon the conduct of the 
procedure is important. The postoperative dys-
phagia work up should begin with either an 
endoscopy or upper GI contrast studies, and may 
be supplemented by manometry. Postoperative 
dypshagia while common is usually transient, 
should not be persistent, and can frequently be 
treated nonoperatively.        
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     Abbreviations  

  DEI    Drug-induced esophageal injury   
  GI    Gastrointestinal   
  HSV    Herpes simplex virus   

  KCl    Potassium chloride   
  LES    Lower esophageal sphincter   
  MMF    Mycophenolate mofetil   
  MTX    Methotrexate   
  NSAIDs    Nonsteroidal anti-in fl ammatory drugs     

       Introduction 

 Medication-induced esophageal injury is a rela-
tively uncommon diagnosis in comparison to the 
millions of prescription and over-the-counter 
medication consumed annually. Though only a few 
classes of drugs account for the large majority of 
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reported cases, over 100 medications have been 
implicated, though mainly in isolated case 
reports. The condition is probably under- 
recognized as the clinical presentation may be 
mistakenly ascribed to other conditions such as 
gastroesophageal re fl ux disease. Yet, the impor-
tance of this condition lies in the fact that it is an 
iatrogenic condition that can be cured in most 
instances with prompt recognition and discon-
tinuation of the offending agent. Awareness of 
the factors that increase the risk for drug-induced 
esophageal injury (DEI) may allow for preven-
tion in the  fi rst place. 

 Drugs may induce esophageal injury through 
local effects of the ingested drug or systemic 
effects. The latter would include gastroesopha-
geal re fl ux induced by medications that relax the 
lower esophageal sphincter (LES), mucositis 
from chemotherapy, and infectious esophagitis 
resulting from immunosuppressive medication. 
This chapter focuses on drug-induced injury 
mediated by local effects on the mucosa.  

   Epidemiology 

 Reports of DEI date back to 1970 and over 1,000 
cases implicating more than 100 drugs have been 
reported in peer-reviewed literature  [  1  ] . There is, 
however, a paucity of data on the incidence with 
studies largely con fi ned to case series that are 
biased by reporting of newly implicated drugs, 
unusual complications, and clustering of cases. 
A Swedish study from the 1970s estimates the 
incidence of DEI at four cases per 100,000 popu-
lation per year  [  2  ] . This is probably an underesti-
mate as DEI is under-recognized and may be 
confused with alternative diagnoses such as car-
diorespiratory illness or re fl ux especially in the 
setting of atypical symptoms. Furthermore, this 
study predates the advent of bisphosphonates and 
the increasing trend towards polypharmacy that 
would favor a higher current estimate. 
Nonetheless, DEI remains a relatively uncom-
mon occurrence in comparison to the numerous 
pills prescribed each year. 

 DEI may occur at any age. A female preponder-
ance has been suggested in DEI with a literature 

review citing a mean age of over 41 years. This in 
all likelihood re fl ects the epidemiology of the 
underlying indication for the medication rather 
than a propensity for DEI per se. Quinidine 
affects patients at a mean age of 60 years versus 
30 years where oral antibiotics are implicated 
 [  3  ] . Advanced age, female gender, diabetes, and 
ischemic heart disease have been associated with 
DEI  [  4  ] . The elderly seem to be at particular risk 
for DEI. This may be due to a combination of 
increased rates of polypharmacy, decreased 
awareness, cardiomegaly causing esophageal 
compression, esophageal dysmotility, and 
decreased saliva production partly related to anti-
cholinergic medication use seen in the elderly.  

   Pathophysiology 

 The mechanism of injury in DEI is postulated to 
be prolonged contact of the injurious contents of 
the medications with the esophageal mucosa. 
There are several lines of evidence favoring local 
injury as the underlying mechanism. The onset of 
symptoms is often preceded by sensation of tab-
let sticking in the esophagus and a history of 
improper ingestion of medication may be volun-
teered. The typical esophageal lesion in DEI is a 
sharply demarcated ulcer which may correspond 
to the site of pill holdup. Endoscopy and biopsy 
of the site of injury may occasionally reveal pill 
fragments. Furthermore, the ulcer is usually 
located at sites of either anatomical or pathologi-
cal narrowing of the esophageal lumen which are 
regions of relative stasis (Fig.  45.1 ). The site of 
injury is at the level of the aortic arch in 75 % of 
cases  [  3  ] . This corresponds to the aortic indenta-
tion of the esophageal lumen as well as the mano-
metric transition zone with a nadir in the 
amplitude of esophageal peristalsis where the 
skeletal and smooth muscles overlap. 
Experimental studies have suggested that the dis-
tal esophagus above the GE junction is the com-
monest site of pill holdup rather than the 
mid-esophagus. But, in practice, DEI in the distal 
esophagus is probably under-recognized and 
often ascribed to re fl ux. Pathological narrowing 
of the esophagus may occur in either intrinsic 
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esophageal diseases or extrinsic esophageal 
compression from an enlarged left atrium or medi-
astinal lymphadenopathy. Though underlying 
motility disorders may conceivably contribute to 
medication holdup, there is a paucity of data to 
support a predisposition towards DEI in esopha-
geal motility disorders  [  5  ] . This may be partly 
accounted for by increased attention paid towards 
swallowing by patients with underlying esopha-
geal dysmotility that may mitigate the risk of 
medication holdup. Experiments have reproduced 
lesions by keeping pills in contact with the esoph-
ageal mucosa in animals and buccal mucosa of 
human volunteers thus lending credence to the 
notion of a local caustic injury accounting for 
DEI  [  6  ] . The role of direct pill to mucosa contact 
is further supported by the fact that, at least in the 
case of tetracycline, there is no data to show DEI 
results from the use of its parenteral formulation 

or ingestion of its liquid formulation. In the case 
of the latter, the caustic potential might possibly 
be diluted by saliva.  

 The occurrence of DEI is in fl uenced by both 
patient-related factors as well as medication-
related factors. This may be deduced from the 
following observations. DEI occurs as a relatively 
rare complication of several commonly pre-
scribed medications implying that the medication 
per se may be an insuf fi cient factor in causing 
DEI. Conversely, DEI occurs frequently without 
an underlying motility disorder and indeed, 
esophageal dysmotility has not been convinc-
ingly demonstrated to be a risk factor for DEI. 

 Several medication-related factors have been 
implicated in causing mucosal damage. The size, 
shape, and physical character may in fl uence the 
likelihood of pill retention. Large pills are less 
likely to be cleared from the esophagus than 
smaller one. Round tablets are retained more 
often than oval ones  [  7,   8  ] . Capsules are cleared 
from the esophagus within 15 s if taken with 
water in an upright position by an otherwise 
healthy individual. Gelatin capsules become 
sticky when dissolved in an inadequate amount 
of liquid and may become lodged in the esophagus 
even with repeated swallows thus increasing the 
mucosal contact time. Doxycycline capsules 
remain in the esophagus thrice as long as the 
 tablet preparation  [  9  ] . Sustained-release formula-
tions have been implicated in pill retention as 
well  [  10  ] . 

 Of greater importance are the pill-taking prac-
tices of the patient. Supine posture is associated 
with a prolonged esophageal transit and pill reten-
tion despite size or shape  [  11  ] . Likewise a larger 
volume of ingested liquid is associated with a 
shortened esophageal transit time. Sleeping 
immediately after pill ingestion may predispose 
to DEI due to the elimination of the effect of grav-
ity on pill clearance and the reduction in saliva 
production and deglutitive episodes during sleep. 
However, DEI may occur in the absence of these 
factors as pill retention in the esophagus has been 
described in asymptomatic volunteers consuming 
pills with water in the upright position  [  12  ] . 

 Delayed transit per se is insuf fi cient for caus-
ing DEI. The caustic potential of the pill is also 

Tetracyclines and
doxycycline Aortic arch

Pottassium chloride
and quinidine

Left main bronchus

Lower esophageal sphincter

  Fig. 45.1    Sites of esophageal ulceration due to disor-
dered anatomy. From A.S. Arora and J.A. Murray. Curr 
Gastroenterol Rep 2000;2:224–9 with permission       
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dependent on the contents of the pill and is 
re fl ected in the heterogeneity of mechanisms of 
injury that have been documented. Certain drugs 
have a low pH (pH < 3) when dissolved in solu-
tion that could cause ulcers. These would include 
doxycycline, tetracycline, clindamycin, ferrous 
sulfate, ascorbic acid, and emepronium bromide. 
In contrast, phenytoin gives rise to a caustic alka-
line solution (pH > 10). Potassium chloride (KCl) 
gives rise to a near neutral solution that is hyper-
osmotic and causes tissue desiccation. NSAIDs 
may cause DEI by disrupting the cytoprotective 
barrier of the esophageal mucosa  [  12,   13  ] .  

   Clinical Approach 

 The diagnosis of DEI is self-evident in a patient 
who presents with an abrupt onset of odynophagia 
following the ingestion of pills known to cause 
DEI, usually in the absence of any chronic esoph-
ageal symptoms. The patient may volunteer a 
history of the ingested pill lodging in the retros-
ternal region prior to the onset of odynophagia, 
ingesting the pill with minimal water or taking 
the pills immediately before going to bed. In 
these instances, a clinical diagnosis may be made 
con fi dently without recourse to further investiga-
tion. In addition to odynophagia, the patients 
may experience chest pain or dysphagia. These 
symptoms typically progress within days and 
resolve within a few weeks. Further investigation 
may be pursued if the presentation is atypical, 
symptoms are persistent despite cessation of the 
offending medication or complications, such as 
bleeding, occur. 

 Upper GI endoscopy is the most sensitive 
investigation with abnormal  fi ndings seen in vir-
tually 100 % of cases and it helps to rule out an 
alternative etiology  [  14  ]  (Fig.  45.2 ). Barium 
esophagram is thought to be inferior to endos-
copy in this regard though there are no compara-
tive studies. Esophagram may better delineate 
extrinsic compression as a contributor to DEI in 
selected instances. Endoscopy reveals one or 
several discrete ulcers with normal intervening 
mucosa. These are typically located in the mid-
esophagus which corresponds to an area of rela-
tive luminal narrowing due to bronchial or aortic 

indentation. On occasion, remnants of the culprit 
medication may be identi fi ed in the ulcer.  

 DEI accounted for 23 % of all esophageal 
ulcers in one series  [  15  ] . Apart from ulcers and 
erosions, esophagitis with exudates and thicken-
ing of the esophageal wall may be seen with bis-
phosphonates  [  16,   17  ] . Strictures have been 
described  [  12  ] . DEI may also give rise to nodules 
that mimic esophageal tumors  [  18  ] . Biopsies 
yield nonspeci fi c  fi ndings that are usually that of 
an ulcer. Iron may give rise to erosive injury and 
brown-black crystalline material overlying the 
eroded epithelium that may be highlighted with 
iron stains  [  19,   20  ] . Nonetheless biopsies may 
occasionally be useful in excluding an infectious 
etiology or malignancy. 

 Several conditions may give rise to a similar 
presentation. Herpes simplex (HSV) esophagitis 
may present with mid-esophageal ulcers. 
However, HSV ulcers tend to be multiple and 
somewhat more widespread. HSV esophagitis 
typically occurs in immunocompromised patients 
especially in the transplant setting  [  21,   22  ] . HSV 
esophagitis has been described in healthy immu-
nocompetent individuals, but these patients often 
present with a febrile prodrome that precedes the 
onset of odynophagia  [  23,   24  ] . Crohn’s disease 
may rarely involve the esophagus but is gener-
ally associated with Crohn’s disease affecting 
other parts of the gastrointestinal tract  [  25,   26  ] . 
Ulcers resulting from nasogastric intubation may 
be inferred from the clinical history. 
Carcinomatous lesions usually give rise to a 
more protracted history and may be differenti-
ated from DEI by biopsy. Ulcers arising in a 
Barrett’s esophagus may give rise to a similar 
appearance. Esophageal foreign bodies may 
present with an acute history, but the endoscopy 
is diagnostic in this instance. 

 Complications from DEI are rare but stric-
tures, hemorrhage from ulceration, esophageal 
perforation, and esophageal-respiratory  fi stula 
may occur  [  12,   27  ] . Esophageal strictures are 
typically caused by NSAIDs. The formation of 
multiple esophageal septa from potassium-
induced esophagitis has been reported  [  28  ] . In 
the absence of strictures, symptoms typically 
resolve within 2–3 weeks and radiological 
 fi ndings may resolve in 7–10 days  [  29  ] .  
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   Prevention and Treatment 

 There is no speci fi c treatment for DEI. 
Management is supportive and largely centered 
on discontinuation of the offending drug. This 
may be a challenge in patients with a compel-
ling indication for continued use of the culprit 
drug in the absence of an effective alternative. 
Occasionally, parenteral hydration and alimenta-
tion are required. Viscous lidocaine may be used 
for local anesthesia. Occasionally opioids may be 
needed. Sucralfate suspension has been used to 
coat the ulcerated mucosa. Antisecretory medica-
tion to treat concomitant re fl ux is often pre-
scribed, but there is little rationale for its use 
unless the patient also has GERD. Strictures are 
dilated endoscopically. 

 The risk of recurrent injury with reintroduction 
of the offending medication has not been ascer-

tained. It is also unclear if the risk of recurrence 
with rechallenge could be mitigated with ade-
quate precautions on medication ingestion. 
Nonetheless, patients should be advised to swal-
low medication with at least 8 oz of clear liquid 
and remain upright for half hour after medication 
intake as is recommended for oral bisphospho-
nates. There is also limited data to guide the use 
of these medications in the setting of esophageal 
dysmotility. Treatment decisions should be care-
fully individualized after consideration of risk–
bene fi ts and alternative treatment options.  

   DEI from Speci fi c Medication Groups 

 There are several classes of medication that have 
been associated with drug-related esophageal 
injury.  

  Fig. 45.2    Esophageal ulcer (photo courtesy of Dr. Jeff Alexander, Mayo Clinic)       
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   Antibiotics and Antivirals 

 Antibiotics account for more than half the reported 
cases of DEI. While most of these are due to tetra-
cycline and in particular, doxycycline, many other 
classes of antibiotics, including penicillin, 
rifampin, and clindamycin, have also been impli-
cated in case reports  [  30–  37  ] . The epidemiology 
of the reported patients largely re fl ects the under-
lying indication for the culprit drug with tetracy-
cline-induced DEI being described in young males 
and females who use it for treating acne, dental, or 
malaria prophylaxis  [  38–  40  ] . The actual risk of 
DEI from doxycycline, however, has been reported 
to be low even with long-term usage  [  41  ] . This 
propensity for DEI is a re fl ection of the widespread 
use of antibiotics in general rather than a propen-
sity for esophageal injury per se. Tetracycline 
gives rise to a local acid burn. The corrosive action 
of doxycycline may relate to its accumulation 
within the basal layer of the squamous epithelium 
 [  42,   43  ] . The patient usually complains of 
odynophagia and retrosternal pain, but dysphagia 
has been reported in over half of patients in one 
series despite the absence of signi fi cant strictures 
 [  44  ] . The endoscopic  fi ndings are that of super fi cial 
ulceration in the mid-esophagus with normal sur-
rounding mucosa (Fig.  45.3 ). Given the super fi cial 
nature of the injury, hemorrhage and strictures are 
rare. Symptoms resolve in 2–7 days after cessation 
of the culprit medication though some patients 
may take up to 6 weeks. Endoscopic  fi ndings 
resolve within 3–4 weeks  [  39,   45  ] .  

 Antiviral agents have also been implicated in 
pill esophagitis, especially antiretroviral drugs such 
as zalcitabine, zidovudine, and nel fi navir     [  46–  48  ] . 
Infectious causes for the esophagitis should be 
actively sought and excluded in these patients espe-
cially in patients with low CD4 counts before the 
esophagitis is ascribed to medication use.  

   Bisphosphonates 

 Bisphosphonates are inhibitors of osteoclast-
mediated bone resorption that are effective in the 
treatment of osteoporosis, Paget disease, and 

hypercalcemia of malignancy  [  49–  51  ] . These 
have been associated with the development of 
esophagitis with the largest amount of data avail-
able for alendronate. A postmarketing analysis of 
over 475,000 patients on alendronate revealed 
199 esophageal adverse events with 51 experi-
encing esophagitis or esophageal ulceration  [  17  ] . 
These largely occurred in patients who had not 
complied with product instructions on consum-
ing adequate liquids and remaining upright 
though esophagitis may occur even with strict 
compliance to instructions on medication intake. 
Hemorrhage and esophageal stricture were each 
reported in only two patients. Esophageal perfo-
ration has been reported with the use of alen-
dronate  [  52  ] . Most of the adverse effects were 
reported soon after commencing treatment. 
Pamidronate, etidronate and, to a lesser extent, 
risedronate and ibandronate have been implicated 
as well  [  53–  57  ] . It appears to be less frequent 
with weekly or monthly administration; however, 
a temporal association between esophageal 
symptoms and the taking of the pill should alert 
the clinician to a potential role that the medica-
tion could be causing the patient symptoms. 

 Despite the reports of DEI, the overall risk 
appears to be small in relation to the large number 
of prescriptions. In contrast to postmarketing 

  Fig. 45.3    Tetracycline esophagitis (photo courtesy of Dr. 
David Katzka, Mayo Clinic)       
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reports, clinical trials have largely failed to dem-
onstrate an increased risk for both daily and 
weekly administrations  [  58,   59  ] . This may re fl ect 
the enforced compliance to proper medication 
use that occurs in a trial setting as well as the 
exclusion of patients with preexisting upper GI 
disease in some of the trials  [  60  ] . A pooled anal-
ysis of nine clinical trials with over 10,000 
patients on daily risedronate showed no increased 
risk of adverse GI events. The rate of upper GI 
adverse events per 100 patient-years was 20 in 
the risedronate group compared to 19.2 in the 
placebo group ( p  = 0.3). This study included a 
high proportion of patients with preexisting GI 
disease and use of antisecretory medications and 
NSAIDs  [  56  ] . Concerns of an increased upper GI 
risk with the concomitant use of alendronate and 
NSAID raised by some studies have not been 
borne out  [  61  ] . Daily and weekly risedronate in 
patients with high prevalence of NSAID users 
was not associated with an increased risk of 
upper GI events in a pooled analysis of over 
2,400 patients  [  62  ] . Trials looking at extended 
dosing intervals of bisphosphonates to improve 
compliance have not demonstrated a statistically 
signi fi cant reduction in adverse GI event with 
monthly or weekly dosing as opposed to daily 
dosing  [  63–  65  ] . 

 The causticity of bisphosphonates appears to 
be mediated locally. Clinically relevant concen-
trations of alendronate and risedronate suppress 
the growth of normal human epidermal keratino-
cytes by inhibiting farnesyl diphosphate synthase 
 [  66  ] . The corrosive effect of alendronate is poten-
tiated by an acidic pH  [  67  ] . This situation may 
conceivably arise in vivo when the pill-contain-
ing esophagus bathes in physiological re fl ux of 
gastric acid. Alternatively, re fl ux following dis-
solution of the pill in gastric acid may plausibly 
account for the esophagitis. Of note, severe ulcer-
ative esophagitis involving 10 cm of the esopha-
gus has been reported with alendronate which 
may be more in keeping with the latter explana-
tion  [  17  ] . The attenuation of injury with proper 
pill-taking practices would, however, favor the 
former as the more likely mechanism. It is unclear 
what the role of underlying gastroesophageal 
re fl ux disease in in fl uencing the risk of DEI with 

bisphosphonates. The relatively lower rates of 
DEI reported with risedronate may be partly 
related to the rapid esophageal transit of the rise-
dronate tablet that minimizes contact with the 
esophageal mucosa  [  68  ] . 

 Patients present with dysphagia, odynophagia, 
or chest pain. A history of noncompliance to 
proper medication intake (i.e., ingestion in the 
upright position with 8 oz of liquid and remaining 
upright for half hour) may be elicited. Endoscopy 
reveals circumscribed erosions and ulcerations 
that may be covered with a thick leuko fi brinous 
exudate that resembles a pseudomembrane  [  16  ] . 
The histological  fi ndings are nonspeci fi c. Biopsy 
of the ulcer shows an in fl ammatory exudate with 
granulation tissue. Polarizable crystalline foreign 
material with adjacent multinucleate giant cells is 
seen. Adjacent squamous tissue shows active 
in fl ammation with enlarged hyperchromatic nuclei 
 [  69  ] . Management focuses on cessation of the 
offending medication. The use of antisecretory 
medication in this setting is largely anecdotal.  

   NSAIDs 

 NSAIDs are among the most commonly prescribed 
drugs in the world and may affect the entire gastro-
intestinal tract. Reports of esophageal injury are 
fewer than gastric complications with NSAID-
induced esophageal injury occurring in only a 
small fraction of all NSAID users. Most NSAIDs 
have been implicated in esophageal injury with 
aspirin, naproxen, indomethacin, and ibuprofen 
accounting for the majority of cases, perhaps more 
a re fl ection of their more frequent usage in general 
 [  30  ] . However, NSAIDs appear to be dispropor-
tionately associated with a risk of bleeding in com-
parison to DEI from other drugs. Aspirin and 
NSAIDs are also associated with an increase in the 
risk of re fl ux symptoms as well as esophagitis and 
esophageal ulcers  [  70,   71  ] . The underlying mecha-
nism is unclear though NSAIDs may increase the 
duration of acid exposure  [  72  ] . Aspirin also ren-
ders the esophageal mucosa more permeable to 
acid and pepsin  [  73  ] . Aspirin and NSAIDs may 
exert their ulcerogenic effects by reducing the 
cytoprotective effects of prostaglandins on the 
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esophageal mucosa. In addition, a direct toxic 
mechanism is plausible as NSAIDs are weak 
acidic molecules with p K a values of 4–5, which 
facilitates diffusion into the mucosa in the setting 
of an acidic pH in the distal esophagus  [  74  ] . 

 The use of aspirin and NSAIDs (including 
over-the-counter prescription) is associated with 
esophageal strictures  [  75,   76  ] . In addition, perfora-
tion and bronchoesophageal  fi stula have been 
reported  [  27,   30,   77  ] . NSAID ulcers are typically 
large, shallow, discrete mid-esophageal ulcers with 
normal intervening mucosa. Histological  fi ndings 
are nonspeci fi c with isolated mucosal erosions and 
ulcers commonly seen  [  78  ] . Nonspeci fi c or re fl ux 
esophagitis may be seen. Basal cell hyperplasia 
may be absent as cell proliferation is inhibited by 
the prostaglandin inhibitors  [  79  ] .  

   Potassium Chloride 

 Potassium chloride (KCl) tablets may cause ulcers 
and strictures throughout the GI tract  [  80  ] . DEI is 
mediated by a local high concentration of dissolved 
KCl that results in local hyperosmolality leading to 
tissue desiccation and vascular injury  [  13  ] . Toxicity 
is reported more commonly with slow-release wax 
matrix formulation but this may be a re fl ection of 
its more widespread prescription compared to the 
microencapsulated preparation  [  6  ] . 

 KCl-mediated injury is usually reported in 
association with left atrial enlargement or cardiac 
surgery though this may be confounded by the 
high prevalence of cardiac disease in patients on 
KCl treatment  [  81,   82  ] . Prior cardiac surgery may 
result in entrapment of the esophagus between 
the aorta and the vertebral column  [  83  ] . The 
esophagus may be  fi xed in position by adhesions 
that may predispose to pill retention. 

 KCl has often been associated with severe and 
lethal complications including strictures, perfora-
tion into the left atrium, bronchial artery, aorta, 
and mediastinum  [  84–  89  ] . In contrast to the sud-
den onset of chest pain with other culprit medica-
tions, DEI mediated by KCl presents with 
progressive dysphagia often in the absence of 
signi fi cant pain  [  30  ] . The relative absence of pain 
may account for the progression to strictures 
before medical attention is sought.  

   Iron 

 Iron is associated with corrosive injury of the 
upper GI tract  [  90,   91  ] . Iron deposition occurs 
relatively frequently with crystalline iron deposi-
tion found in 0.9 % of one series of upper GI biop-
sies though case reports of clinically manifested 
DEI are uncommon  [  20,   92,   93  ] . Differentiating 
primary iron-associated mucosal injury from iron 
deposition in a preexisting lesion may be chal-
lenging as concomitant conditions that could have 
caused the underlying condition may be found in 
about half of these patients. Biopsies reveal lumi-
nal crystalline iron deposition adjacent to the sur-
face epithelium or admixed with luminal 
 fi broin fl ammatory exudates. Iron deposition in 
the lamina propria, either covered by an intact 
epithelium, subjacent to small super fi cial ero-
sions, or admixed with granulation tissue may be 
seen. Iron-containing thrombi in mucosal blood 
vessels are infrequent  fi ndings. An exuberant 
reactive proliferation of  fi broblasts and epithelial 
tissues near esophageal ulcers containing iron 
may occasionally mimic malignancy  [  78  ] .  

   Quinidine 

 Quinidine has been associated with DEI and 
stricture formation either when ingested alone or 
together with KCl  [  6  ] . The presence of a profuse 
exudate with nodularity may be mistaken for 
malignancy  [  18,   29  ] .  

   Chemotherapeutic Agents 

 Dactinomycin, bleomycin, cytarabine, daunorubi-
cin and 5- fl uorouracil, vincristine and methotrex-
ate, and other chemotherapy regimens have been 
associated with esophagitis usually in the setting 
of concomitant oral mucositis. These are mostly 
self-limiting though they may persist for months 
after cessation of treatment  [  94  ] . In addition, oral 
methotrexate (MTX) has been implicated in a sin-
gle case of ulcerative esophagitis in an adolescent 
with Crohn’s disease that resolved upon discon-
tinuation of MTX  [  95  ] . Dysphagia from delayed 
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esophageal transit has been reported with vincris-
tine in the absence of mucosal abnormalities. The 
 fi ndings were reversible with discontinuation 
 [  96,   97  ] . This may possibly be due to neurotoxic-
ity resulting from vincristine-mediated disruption 
of microtubule function in the neuronal axons. 
Esophagitis has also been reported in patients with 
gastrointestinal stromal tumor treated with ima-
tinib  [  98  ] . Esophageal strictures have been reported 
following chemotherapy for acute lymphoblastic 
leukemia. Of note, none of the four cases had 
received radiotherapy but all had either esopha-
geal or systemic candidiasis  [  99  ] . Concurrent che-
motherapy and thoracic radiotherapy also increases 
the risk of esophageal toxicity  [  100  ] .  

   Mycophenolate Mofetil 

 MMF is an immunosuppressive drug used in 
solid organ transplantation. While diarrhea is a 
well-recognized adverse effect, ulcerative 
esophagitis has also been described  [  101  ] . 
Increased apoptosis on biopsies resembling 
graft-versus-host disease has been described as a 
 fi nding indicative of MMF-related gastrointesti-
nal injury but the utility of this  fi nding in the 
esophagus is less well established  [  102  ] .  

   Others 

 Several other medications have been implicated in 
DEI, mainly in isolated case reports. These would 
include alprenolol, emepronium bromide, capto-
pril, phenobarbital, serratiopeptidase, pancreatic 
enzyme supplements, cyproterone acetate and 
ethinylestradiol, and mexiletine  [  36,   103–  109  ] . 

 Homeopathic pills have also been implicated 
in DEI that occurs in the absence of underlying 
esophageal disease  [  110  ] .  

   Summary 

 In conclusion, drug-induced esophagitis is painful 
and, while infrequent, may be an under-recog-
nized disorder. It can largely be prevented by care-
ful attention to the timing and mode of swallowing 

of medications. The chemical and physical prop-
erties of medications may be quite important in 
determining the likelihood of impaction, and a 
few medications, such as bisphosphonates, may 
be particularly prone to cause esophageal injury. 
It is important to suspect drug-induced esophagitis 
when patients present with particularly severe 
esophagitis or esophagitis recalcitrant to treatment 
for gastroesophageal re fl ux.      
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  Abstract 

 Infectious esophagitis is relatively rare in an immunocompetent host. The 
presence of an esophageal infection is usually indicative of an impairment 
of either local or systemic defense mechanisms that normally act to pre-
vent the colonization of a digestive organ that has a relatively transient 
contact with swallowed microbes. The spectrum of esophageal infections 
has changed over the past few decades. Esophageal infections were rare 
before the advent of acquired immune de fi  ciency syndrome (AIDS) and 
posttransplant immunosuppressive treatment regimens with case reports 
largely con fi  ned to autopsy series. The explosion in opportunistic esopha-
geal infections heralded by human immunode fi  ciency virus (HIV) and 
medication treatment-induced immunosuppression has been largely 
reversed by the ef fi  cacy of highly active retroviral therapy (HAART) in 
treating HIV and re fi  nements in immunosuppressive therapy and trans-
plant management in general [ 1– 3 ] . Nevertheless, socioeconomic barri-
ers to widespread availability of HAART, a lack of compliance, and 
continued use of immunosuppressive therapy in a variety of diseases will 
likely perpetuate the morbidity from esophageal infections.   

  Keywords 

 Infectious esophagitis  •  Fungal esophagitis  •  Candidal infection  •  HIV 
infection  •  Herpes simplex virus (HSV)  •  Esophagitis  •  Actinomyces     
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  Abbreviations  

  AIDS    Acquired immune de fi ciency 
syndrome   

  CMV    Cytomegalovirus   
  HAART    Highly active retroviral therapy   
  HIV    Human immunode fi ciency virus   
  HSV    Herpes simplex virus   
  PCR    Polymerase chain reaction   
  TB    Tuberculosis   
  VZV    Varicella-zoster virus     

       Introduction 

 Infectious esophagitis    is relatively rare in an 
immunocompetent host. The presence of an 
esophageal infection is usually indicative of 
an impairment of either local or systemic defense 
mechanisms that normally act to prevent the 
colonization of a digestive organ that has a rela-
tively transient contact with swallowed microbes. 
The spectrum of esophageal infections has 
changed over the past few decades. Esophageal 
infections were rare before the advent of acquired 
immune de fi ciency syndrome (AIDS) and post-
transplant immunosuppressive treatment regi-
mens with case reports largely con fi ned to autopsy 
series. The explosion in opportunistic esophageal 
infections heralded by human immunode fi ciency 
virus (HIV) and medication treatment-induced 
immunosuppression has been largely reversed by 
the ef fi cacy of highly active retroviral therapy 
(HAART) in treating HIV and re fi nements in 
immunosuppressive therapy and transplant man-
agement in general  [  1–  3  ] . Nevertheless, socio-
economic barriers to widespread availability of 
HAART, a lack of compliance, and continued 
use of immunosuppressive therapy in a variety of 
diseases will likely perpetuate the morbidity from 
esophageal infections.  

   Predisposing Factors 

 Though immunosuppression in general can result 
in infectious esophagitis, infections are most 
likely to occur in patients with HIV infection, 

malignancies especially during chemotherapy, 
and hematological stem cell transplantation  [  4  ] . 
The risk of opportunistic esophageal infections in 
HIV is related to the CD4 count with patients 
noncompliant to HAART more likely to be 
infected  [  5  ] . Chemotherapy and radiation may 
predispose to esophageal infections due to the 
immunosuppression as well as the direct cyto-
toxic effects on the mucosal barrier. Hema-
tological malignancies are more likely to be 
associated with infectious esophagitis than solid 
tumors, though the risk is attenuated with routine 
antimicrobial prophylaxis  [  6  ] . The risk of esoph-
ageal infections in bone marrow transplantation 
is higher in allogeneic than autologous transplants. 

 In the immunocompetent individual, impaired 
esophageal clearance of swallowed organisms 
may foster a permissive environment for the 
development of esophageal infections. These 
would include impaired saliva production, altered 
esophageal motility contributing to stasis, and 
gastric hypochlorhydria. Injury to the esophageal 
mucosa either from in fl ammation or endoscopic 
procedures may facilitate infection in certain 
instances (see below). Individuals with diabetes 
mellitus, alcoholism, and adrenal insuf fi ciency 
may be predisposed to infectious esophagitis 
through mechanisms that are yet to be fully 
elucidated.  

   General Considerations 

 The clinical approach to evaluating a suspected 
esophageal infection is guided by the presence of 
any underlying immune-compromise, the pre-
senting symptoms, and the physical  fi ndings. 
Candida is generally the commonest esophageal 
infection and has been described in immunocom-
promised patients as well as immunocompetent 
individuals. The presence of oral thrush on physi-
cal examination may suggest esophageal candidi-
asis, though this is not invariable. The absolute 
CD4 count strati fi es the risk of an opportunistic 
infection in HIV and coinfections may occur, 
especially with profound immunosuppression. 
Dysphagia and odynophagia are the commonest 
presenting symptoms, though on occasion consti-
tutional complaints may dominate the clinical 



65946 Infectious Esophagitis

presentation. Odynophagia is usually indicative 
of underlying esophageal ulceration which man-
dates endoscopy with biopsies as the identi fi cation 
of a speci fi c pathogen facilitates targeted therapy. 
Endoscopic brushings with cytological evalua-
tion may be useful in speci fi c instances such as 
herpes simplex and candidal infections. Though 
esophageal infections are uncommon in an immu-
nocompetent individual, the spectrum of infec-
tions is different. In particular, most cases of 
herpes simplex esophagitis occur in immuno-
competent individuals  [  7  ] . 

 A key diagnostic challenge in esophageal 
infections is ascertaining the role of an isolated 
microorganism in disease causation as many 
purported pathogens are commensals that may be 
found even in healthy individuals. Colonization 
of the oral cavity facilitates colonization of the 
esophagus following deglutition. Hence diagnosis 
of infection requires corroborative endoscopic 
and histological  fi ndings. The use of viral culture 
and polymerase chain reaction (PCR) may 
increase the diagnostic yield but often at the 
expense of speci fi city partly due to contamina-
tion from latently infected cells. Serologic testing 
has little role in the evaluation of esophageal 
infection.  

   Fungal Esophagitis 

   Candidal Infection 

 Candidal infections are the commonest cause of 
infectious esophagitis and the esophagus is the 
commonest site of gastrointestinal infection after 
the oropharynx  [  8  ] . Candida is a commensal 
organism found in the oral, gastrointestinal, and 
vaginal  fl ora and is a ubiquitous organism in the 
environment. Gastrointestinal disease occurs in 
patients colonized with Candida who are predis-
posed to an overgrowth of their indigenous  fl ora 
as a result of perturbed commensal  fl ora, illness, 
or local reduction in host resistance. Clinically 
predisposing factors would include immuno-
de fi ciency, diabetes mellitus, adrenal insuf fi -
ciency, steroid use, alcoholism, and antibiotic use, 
but Candidal esophagitis may occur in the absence 
of predisposing factors  [  9,   10  ] . Nevertheless, even 

in immunocompetent hosts, an underlying mech-
anism should be sought. These would include 
esophageal diseases associated with stasis of 
luminal contents such as achalasia and systemic 
sclerosis with esophageal involvement  [  11  ] . The 
use of acid-suppressive medication has been 
implicated as a risk factor for Candidal esophagi-
tis in systemic sclerosis  [  12  ] . The use of inhaled 
steroids for respiratory diseases may cause esoph-
ageal candidiasis in otherwise healthy adults  [  13, 
  14  ] . Advanced age may predispose to esophageal 
candidiasis. Typical manifestations, such as dys-
phagia and concomitant oral thrush, are often 
absent and Candidal esophagitis is associated with 
a poor 1-year survival in the elderly. Candidal 
superinfection has also been reported in esopha-
geal intramural pseudodiverticulosis  [  15  ] . Chronic 
mucocutaneous candidiasis is a rare condition 
characterized by chronic onychomycosis and 
mucocutaneous Candidal infection. This disease 
results from multiple immune defects with the 
end result of chronic Candidal infection at ana-
tomic sites where it normally resides as a com-
mensal. This syndrome may be associated with a 
thymoma or autoimmune polyendocrine syn-
drome type 1  [  16,   17  ] . 

 Invasive candidiasis, manifesting predomi-
nantly as candidemia, is the commonest fungal 
infection in solid organ transplants, with liver and 
pancreas transplants reporting the highest rates of 
candidal infections in general  [  18  ] . Corresponding 
data for esophageal candidiasis is generally lack-
ing. Esophageal candidiasis has been reported in 
approximately 15% of kidney and combined kid-
ney–pancreas transplants  [  19  ] . The use of alentu-
zumab, a humanized monoclonal antibody 
directed against C  [  20  ]  D52, has been associated 
with esophageal candidiasis  [  21  ] . While  Candida 
albicans  remains the commonest pathogens in 
invasive candidiasis, there is a shift toward non-
 albicans  species, especially  Candida glabrata  
which is less susceptible to  fl uconazole  [  22  ] . 
Likewise, the introduction of antifungal prophy-
laxis has reduced the morbidity and mortality of 
invasive candidiasis in hematopoietic stem cell 
transplantation, but there is an increasing inci-
dence of infection with azole-resistant Candida 
species  [  23,   24  ] . Whether this holds true for 
esophageal candidiasis in particular is unclear.  
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   Candida in HIV Infection 
 The prevalence of Candidal esophagitis in AIDS 
patients has fallen dramatically as a result of the 
advent of HAART, while the number of patients 
with conditions not unique to AIDS, such as 
gastroesophageal re fl ux disease, has increased. 
The prevalence of opportunistic infections in 
symptomatic HIV patients undergoing endos-
copy has decreased from 69% to 13% from 1995 
to 1998, with an 80% reduction in patients diag-
nosed with esophageal candidiasis or cytomega-
lovirus (CMV) infection  [  25  ] . Patients with 
esophageal opportunistic infections tend to be 
noncompliant to medication, have lower CD4 
counts, and had similar pathogens compared to 
those on HAART with normal endoscopies  [  5  ] . 
Nevertheless, Candida continues to be, by far, the 
commonest esophageal infection in HIV patients 
in both Western and Asian populations  [  26  ]  and 
often coexists with other diseases in this setting. 
Although Candidal esophagitis largely occurs in 
patients with AIDS, it has also been described in 
primary HIV infection resulting from transient 
immunosuppression  [  27  ] . Most cases of esopha-
geal candidiasis are caused by  C. albicans  either 
alone or in mixed infection, though symptomatic 
infections with  C. glabrata  and  Candida krusei  
alone have also been described  [  28,   29  ] .  

   Clinical Features 
 Patients generally present with painful swallowing. 
Patients may experience dysphagia and chest pain 
or may even be asymptomatic. Severe odynophagia, 
however, is uncharacteristic of Candida and should 
prompt evaluation for ulcerative esophagitis. 
Constitutional  fi ndings including fever and, occa-
sionally, epigastric pain may occur. The presence 
of oropharyngeal candidiasis and dysphagia is pre-
dictive of esophageal candidiasis. Most patients 
(70%) with esophageal candidiasis will have 
oropharyngeal thrush  [  30,   31  ] . However, the 
absence of oral thrush does not exclude esophageal 
candidiasis. Esophageal candidiasis may rarely 
result in the development of bleeding, perforation, 
stricture, and  fi stula formation with pulmonary 
abscess, but these are rare  [  32–  35  ] . 

 A speci fi c etiological diagnosis is established by 
endoscopy with or without biopsy or cytological 

brushings. Endoscopy reveals the presence of 
characteristic con fl uent yellow-white plaques 
overlying and adherent to an erythematous 
mucosa. The presence of ulceration is unusual 
and should prompt further evaluation for an alter-
native etiology. Endoscopic  fi ndings without 
biopsy have been reported to have a sensitivity 
and speci fi city of 100% and 83%, respectively, 
for a diagnosis of candidal esophagitis. The 
severity of endoscopic  fi ndings may be graded 
into four grades from tiny exudates less than 
2 mm to con fl uent pseudomembranes that narrow 
the esophageal lumen  [  36  ] . The endoscopic grade 
of severity however does not correlate well with 
the CD4 count in HIV patients  [  37  ] . 

 The histological diagnosis of Candidal 
esophagitis requires the demonstration of inva-
sive hyphae and budding yeast as the mere pres-
ence of topical yeast may be ascribed to swallowed 
orocutaneous Candida from thrush. Colonization 
of the esophagus by Candida may occur in 
approximately 20% of a healthy adult population 
 [  38  ] . Brushings may be obtained and stained with 
Gomori silver or periodic acid-Schiff stains. 
Fungal culture is not performed routinely as it is 
generally not useful except in de fi ning the species 
and drug sensitivities, especially in treatment-
resistant cases. 

 Given the preponderance of Candidal 
esophagitis in HIV infection, an empirical trial of 
 fl uconazole for HIV patients with presumed can-
didiasis (for example, with oropharyngeal thrush) 
has been recommended by some experts as an 
alternative to endoscopic examination, deferring 
endoscopy for those with persistent symptoms 
 [  39  ] . This strategy seems to be safe, ef fi cacious, 
and cost-effective. Most patients with esophageal 
candidiasis will have resolution of symptoms 
within 7 days after commencement of treatment 
with  fl uconazole  [  40  ] . Persistent symptoms 
beyond this period should be evaluated with 
endoscopic examination.  

   Management 
 Expert consensus guidelines recommend sys-
temic antifungal therapy for esophageal candidi-
asis. Oral  fl uconazole 200–400 mg (3–6 mg/kg) 
daily for 14–21 days is recommended. If oral 
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therapy cannot be tolerated, intravenous 
 fl uconazole 400 mg daily, amphotericin B, or an 
echinocandin, such as caspofungin, micafungin, 
or anidulafungin may be used  [  39  ] . A diagnostic 
trial of antifungal therapy is appropriate before 
diagnostic examination. Posaconazole is ef fi -
cacious in 74% of patients with refractory esoph-
ageal candidiasis. Voriconazole has ef fi cacy 
   similar to that of  fl uconazole but is associated 
with a higher rate of adverse events  [  41  ] . The 
echinocandins are associated with higher rate of 
relapses than with  fl uconazole  [  42  ] . 

 Recurrent infections occur in patients with 
immunosuppression, especially those with AIDS. 
Long-term suppressive therapy with thrice 
weekly  fl uconazole is effective in preventing 
recurrences  [  43  ] . HAART treatment is recom-
mended in patients with AIDS to reduce recur-
rent infections.   

   Other Fungal Infections 

 Aspergillus, Blastomyces, Cryptococcus, and 
Histoplasma species may infect the esophagus 
 [  44,   45  ] . Unlike Candida, these are not commen-
sals and are acquired by signi fi cantly immune-
compromised individuals from the environment. 
Aspergillus infection occurs as a result of contig-
uous spread from mediastinal infection  [  46–  49  ] . 
Blastomyces and Histoplasma infect the esopha-
gus from a concomitant pulmonary infection or 
from disseminated infection  [  50  ] . Mediastinal 
 fi brosis with esophageal obstruction and esopha-
geal  fi stula may occur with histoplasmosis 
 [  51,   52  ] . Primary infection of the esophagus is 
very unusual and has been described in immuno-
compromised patients  [  53  ] .  

   Viral Esophagitis 

   Cytomegalovirus Esophagitis 

 The rise in the morbidity of Cytomegalovirus 
(CMV) infection has largely paralleled the 
advent of AIDS and transplant-related immuno-
suppression. Gastrointestinal CMV infection has 

been associated with AIDS, organ transplanta-
tion, and less commonly, malignancy and end-
stage renal failure requiring dialysis. Although 
CMV is the most commonly identi fi ed pathogen 
in AIDS, it is less often found in the esophagus 
than Candida with which it may coexist. The 
esophagus is nonetheless the second commonest 
site of gastrointestinal involvement by CMV 
after the colon. CMV esophagitis occurs primarily 
in patients with severe T-cell impairment charac-
terized by a CD4 count below 50 cell/ m L in 
AIDS patients. The risk of CMV infection is low 
in those on HAART therapy and the occurrence 
of CMV while on HAART may be indicative 
of noncompliance to treatment  [  5  ] . A recent 
series reported CMV infection in only 10 of 124 
upper gastrointestinal endoscopies in HIV 
patients  [  54  ] . 

 CMV disease in solid organ transplant tends 
to have a predilection for the organ transplanted. 
Disease rates are higher in pancreas and heart–
lung transplants compared to kidney trans-
plants, with seronegative recipients from a 
CMV seropositive organ donor being at highest 
risk  [  55  ] . The use of antiviral prophylaxis has 
reduced the incidence of CMV infection, but 
delayed onset disease is increasingly recog-
nized especially after discontinuation of 
prophylaxis  [  56  ] . Gastrointestinal CMV was 
the commonest site of involvement in one 
series with over half reporting upper gastroin-
testinal disease  [  57  ] . 

 Gastrointestinal CMV disease is rare in 
malignancy, being reported in 0.02% of cancer 
patients in one series  [  58  ] . It typically occurs in 
patients who either have a hematological malig-
nancy or have additional immunosuppression 
from AIDS or hematopoietic stem cell transplan-
tation. It is more common in allogeneic than 
autologous hematopoietic stem cell transplanta-
tion (incidence of 608 versus 58 per 100,000 
patients). The esophagus is involved in 17% of 
cancer patients with CMV disease. Predictors of 
mortality include AIDS, disseminated CMV dis-
ease, and absolute lymphocyte counts below 
1,000 cells/ m L. 

 Patients with CMV esophagitis clinically pres-
ent with dysphagia, odynophagia, or nonspeci fi c 



662 V. Namasivayam and J.A. Murray

symptoms such as nausea, vomiting, abdominal 
pain, anorexia, and fever that re fl ect multiorgan 
or systemic involvement. Throm bocytopenia and 
leucopenia may be present but are not invariable. 
Endoscopy may reveal variable  fi ndings from 
esophageal erosions to deep ulcers located in the 
mid or distal esophagus with a halo of edema. In 
the setting of hematopooietic stem cell trans-
plantation, they may be macroscopically con-
fused with graft-versus-host disease. The ulcers 
may, on occasion, appear similar to herpetic 
ulcers and idiopathic ulcers associated with HIV 
infection. Stricture formation is relatively 
uncommon despite the occurrence of deep ulcer-
ation in CMV. These may occur either during 
active CMV infection, following successful anti-
viral treatment, or even in the absence of ulcer-
ation  [  59,   60  ] . Total luminal obliteration may 
rarely occur  [  61  ] . Acute esophageal necrosis 
(“black esophagus”) has been reported from 
CMV infection in a renal transplant patient  [  62  ] . 
Patients with gastrointestinal CMV infection 
may have concurrent CMV retinitis and formal 
ophthalmological assessment is advised as ocu-
lar CMV can rapidly threaten sight. 

 Diagnosis Requires a Combination of 
Histology and Demonstration of CMV in Tissue 
Specimens. The histological hallmark of CMV is 
the presence of cytomegalic cells on hematoxylin 
and eosin staining of mucosal biopsy. The 
infected cells are enlarged and contain Cowdry 
type A intranuclear inclusions with a surrounding 
halo (“owl’s eye” inclusions). Hematoxylin and 
eosin staining has comparable sensitivity and 
speci fi city to immunohistochemical staining with 
monoclonal antibodies but at a lower cost  [  63  ] . 
Endothelial cells are the primary target for CMV 
infection. It has been postulated that CMV infec-
tion of the endothelial cells in the lamina propria 
capillaries cause ischemia with ensuing epithelial 
injury and ulceration. Since CMV has a predilec-
tion for  fi broblasts and not squamous epithelial 
cells, biopsies should be obtained from the base 
of ulcers. Brushings from ulcers are less likely to 
yield diagnostic information in CMV for the 
same reason. 

 The use of CMV DNA PCR on mucosal 
biopsy specimens increases the detection of 

CMV, but only a fraction of these patients have 
typical histological changes  [  64  ] . This increased 
yield with PCR may be due to contamination 
from latently infected cells. Likewise, the late 
CMV antigen (pp 65) assay has 89–100% sensi-
tivity for CMV viremia but are not predictive for 
CMV disease  [  65,   66  ] . Conversely, CMV disease 
as detected on histology may be present even in 
the absence of CMV detection in the blood. 
Testing for CMV antibody is of limited utility 
except when it is negative, because most infec-
tions are the result of reactivation of latent infec-
tion rather than primary infection.  

   Management 
 IV ganciclovir is the treatment of choice for 
CMV disease. Valganciclovir is the oral precur-
sor to ganciclovir and has been shown to be non-
inferior to IV ganciclovir for treating CMV in 
certain solid organ transplantation recipients 
 [  67  ] . However, IV ganciclovir is preferred in 
patients who do not tolerate oral treatment and 
those with life-threatening CMV disease. The 
use of foscarnet has been limited by its nephro-
toxicity. The role of maintenance treatment is 
not well de fi ned though guidelines for secondary 
prophylaxis in the presence of increased risk of 
CMV recurrence have been proposed  [  68  ] . 
Reduction in immunosuppression should be 
individualized but considered in transplant recip-
ients with CMV disease.   

   Herpes Simplex Virus Esophagitis 

 Herpes simplex virus    (HSV) esophagitis is an 
opportunistic infection that affects patients with 
transplantation, HIV infection, malignancy, 
burns, and immunosuppressive therapy. Most 
infections in immunocompromised patients prob-
ably represent viral reactivation as these patients 
have higher baseline seroprevalence rates. 

 Although the esophagus is the most frequent 
site of gastrointestinal involvement, HSV 
esophagitis is uncommon. Autopsy series report 
a prevalence of 0.5–1.8% of HSV esophagitis 
 [  69,   70  ] . The vast majority of documented 
cases are due to HSV-1, though HSV-2 esophagitis 
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from heterosexual orogential contact in an immu-
nocompetent patient has been described  [  71  ] . 
HSV esophagitis is most frequently described in 
solid organ and bone marrow transplant recipi-
ents  [  4,   72,   73  ] . It has also been reported in the 
setting of acute rejection  [  74  ] . In contrast to trans-
plant recipients, it is less commonly described in 
HIV patients, accounting for only 3–5% of 
esophagitis in HIV patients  [  75–  77  ] . 

 HSV has rarely been described in immuno-
competent individuals as a self-limiting illness 
that typically occurs as a primary infection affect-
ing young adults. A male predilection is seen in 
patients younger than 40 years  [  7  ] . 

   Clinical Features 
 Symptoms are similar in both immunocompetent 
and immunocompromised patients. HSV in the 
immunocompetent is characterized by the acute 
onset of odynophagia, in 60–76% of patients, ret-
rosternal chest pain or heartburn  [  7,   78  ] . This 
may be associated with fever and systemic mani-
festations. Concurrent oral lesions have only been 
reported in a minority of patients and herpetic 
skin lesions are uncommon. Symptoms may be 
more severe in immunocompromised patients 
with bleeding, perforation, tracheoesophageal 
 fi stula, and necrotizing esophagitis having been 
reported  [  79–  83  ] . 

 The distal esophagus is the commonest site of 
involvement, though extensive contiguous 
esophageal involvement is often seen. The entire 
esophagus may be involved in 15% of patients 
 [  78  ] . Vesicles which are the earliest manifesta-
tions are rarely seen. These coalesce to form 
ulcers often with normal intervening mucosa. 
Multiple esophageal ulcers are the commonest 
endoscopic  fi nding seen in 59–86% of HSV 
patients, but these are nonspeci fi c  [  7,   78  ] . The 
presence of ulceration on endoscopy is only 
attributable to HSV in 1–9% of patients  [  75,   84  ] . 
The ulcers are usually small and discrete or 
occasionally con fl uent. The ulcers are “volcano-
like” in appearance in contrast to CMV ulcers 
which are linear or longitudinal and deeper. In 
addition to ulcers, friable mucosa and white exu-
dates are commonly seen on endoscopy in HSV 
esophagitis. 

 The diagnosis is usually based on a combina-
tion of histological  fi ndings and viral isolation. 

 Biopsies from the edge of the ulcers provide 
the highest diagnostic yield as the base of the 
ulcers often lack epithelial cells. The presence of 
eosinophilic intranuclear inclusions (Cowdry type 
A inclusion bodies), multinucleated giant cells, 
and ballooning degeneration of epithelial cells is 
diagnostic. These  fi ndings, however   , may also be 
seen in other viral infections such as those caused 
by CMV and VZV. However, CMV and VZV 
infections of the esophagus are unusual in immu-
nocompetent individuals  [  85  ] . HSV isolation in 
the absence of histological  fi ndings is of question-
able signi fi cance as it may represent asymptom-
atic viral shedding. Serology is of limited value 
because of the high seroprevalence in the healthy 
adult population, though seroconversion may be 
useful in a suspected primary HSV infection.  

   Management 
 The management strategy is determined by the 
patient’s underlying immune status. Acyclovir 
for 14–21 days has been advocated in the treat-
ment of immunocompromised individuals with 
the use of intravenous preparations in those 
unable to swallow. Acyclovir resistance in HSV 
may result from mutations in the thymidine 
kinase gene of HSV  [  86  ] . In contrast to immuno-
compromised patients, HSV esophagitis in the 
immunocompetent is an indolent but usually self-
limiting disease. The value of treatment with 
acyclovir is uncertain  [  7  ] . While case reports 
suggest therapeutic bene fi t in hastening illness 
resolution, the relative rarity of the condition 
precludes any randomized controlled trials, and 
spontaneous resolution usually occurs within 
1–2 weeks. A search should be made for any 
underlying immunosuppressive illness in patients 
presenting with HSV esophagitis.   

   Varicella-Zoster Virus 

 VZV is rarely associated with esophagitis in 
severely immunocompromised patients. The typ-
ical cutaneous vesicular eruptions are usually 
present when esophagitis occurs. Esophageal 
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VZV may be a harbinger of disseminated VZV. 
The endoscopic appearance may be variable with 
vesicles and ulcers seen  [  87  ] . Esophago-bronchial 
 fi stula has been reported to occur in VZV infec-
tion in an AIDS patient  [  88  ] . Biopsies reveal bal-
looning degeneration, multinucleated giant cells, 
and intranuclear inclusion bodies similar to HSV, 
and viral culture is needed to distinguish the two 
viruses. Though VZV esophagitis is self-limited 
in immunocompetent patients, it is typically 
treated with acyclovir for routine and foscarnet 
for resistant cases.  

   Ebstein–Barr Virus 

 Esophageal ulcerations have been very rarely 
reported in Ebstein–Barr virus infection in both 
immunocompetent and immunocompromised 
patients. The ulcers are deep, linear, and involve 
the mid-esophagus. Koilocytosis, epithelial thick-
ening, and cell multinucleation are seen on 
biopsy. The number of patients is too small to 
draw any  fi rm conclusion on treatment indica-
tions  [  89  ] . Ebstein–Barr virus associated post-
transplant lymphoproliferative disease involving 
the esophagus has been described in the solid 
organ transplant setting  [  90  ] .  

   Human Papilloma Virus 

 Human papilloma virus has been isolated in 
<40% of patient with squamous papilloma  [  91  ] . 
These are rare, benign lesions found in the 
 mid-esophagus and are mostly asymptomatic 
 [  92  ] . Treatment usually consists of endoscopic 
resection of the lesion.  

   Human Immunode fi ciency Virus 

 Idiopathic ulcers may account for 40% of esoph-
ageal ulcers in HIV infection  [  75  ] . These usu-
ally occur in AIDS with CD4 count below 100 
or during the acute seroconversion syndrome 
that is characterized by a self-limited infectious 
mononucleosis-like illness  [  93  ] . These ulcers 

are typically multiple small well-demarcated 
ulcers surrounded by normal appearing mucosa 
that may cause odynophagia. These typically 
heal within 2 weeks. Large esophageal ulcers 
may also develop in patients with AIDS resem-
bling CMV ulcers but with no identi fi able 
microorganisms on histology, culture, or immu-
nohistochemistry. The exact mechanism is not 
known but is unlikely to be due to HIV infection 
of the squamous epithelium  [  94  ] . Diagnosis is 
made by excluding infective organisms. 
Systemic and intralesional steroids and thalido-
mide have been used for treatment, though CMV 
and HSV must be excluded before steroids are 
exhibited  [  95,   96  ] . Misoprostol suspended in 
viscous lidocaine and antiretroviral have also 
been used for treatment  [  97  ] .  

   Bacterial Esophagitis 

 Bacterial infection is a rare cause of esophagi-
tis. It has been described in hematologic malig-
nancies with neutropenia, bone marrow 
transplant patients, diabetic ketoacidosis, and 
steroid therapy  [  98,   99  ] . It is usually polymi-
crobial and derived from oral  fl ora such as 
 Streptococcus viridians,  staphylococci, and 
Bacillus spp. The diagnosis is made by demon-
strating bacterial clusters on Gram stain with 
evidence of subepithelial bacterial invasion on 
endoscopic biopsies  [  100  ] . Treatment is with 
broad-spectrum antibiotics.  

   Esophageal Tuberculosis 

 Esophageal tuberculosis (TB) is rare even in 
countries endemic for TB. It constituted only 
0.5% of all patients presenting with persistent 
dysphagia in a series from India  [  101  ] . Conversely 
esophageal lesions were only found in 0.14% of 
TB patients in an autopsy series of over 18,000 
patients  [  102  ] . Most cases are secondary to either 
contiguous spread from tuberculous involvement 
of the mediastinum, lungs, larynx, or spine or 
hematogenous spread from miliary TB. Primary 
infection of the esophagus is even rarer. The mid-
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esophagus is commonly involved at the level of 
the carina due to contiguous spread from a tuber-
culous lymph node  [  103  ] . A linear mid-esopha-
geal ulcer with smooth edges and a necrotic base 
is typically seen. The surrounding mucosa may 
be normal. A hypertrophic pseudotumor may be 
mistaken for malignancy which may also coexist. 
These  fi ndings may be associated with strictures 
or  fi stula  [  104  ] . The patients may complain of 
dysphagia from esophageal involvement by TB, 
esophageal compression from adjacent tubercular 
lymph nodes or from mediastinal  fi brosis. Cough 
while eating may indicate the development of a 
tracheoesophageal  fi stula. Bleeding from an 
aorto-esophageal  fi stula has also been described 
 [  105  ] . Diagnosis is con fi rmed by demonstrating 
acid-fast bacilli and caseating granulomas on his-
tology. The detection of typical caseating granu-
loma on endoscopy specimens may be low 
(25–61%) as the granulomas are located in the 
submucosal layer  [  106  ] . Hence recourse to mul-
tiple, deep biopsies repeat endoscopic procedures 
or even surgical biopsies may be required. The 
presence of granulomas per se may be nonspeci fi c, 
especially in a non-endemic population and could 
be ascribed to other granulomatous conditions 
such as Crohn’s disease, sarcoidosis, syphilis, 
and fungal infections. The identi fi cation of acid-
fast bacilli may be lower in extra-pulmonary dis-
ease. Myco bacterial culture takes 6–8 weeks to 
become positive. PCR assays for TB may allow 
for a rapid diagnosis to be made, thus facilitating 
institution of  treatment while awaiting results of 
cultures and antimicrobial sensitivities. Tuberculin 
skin testing and quantiferon gold assays are com-
monly used to detect tuberculosis, but are not 
entirely sensitive for the disease. A prolonged 
course of multidrug anti-mycobacterial treatment 
is warranted and this is often associated with 
healing of  fi stula  [  104  ] .  

   Actinomyces 

 Actinomyces has rarely been reported to infect 
the esophagus in both immuncompetent and 
immunocompromised patients  [  107,   108  ] . While 
it is a known commensal of the oral  fl ora, infections 

have been reported, often in the setting of an 
antecedent infectious or an in fl ammatory process 
or an endoscopic procedure, such as dilatation, 
that disrupts the esophageal mucosa  [  109  ] . 
Infections may coexist with Candida  [  110  ] . 
Patients present with dysphagia or odynophagia, 
with endoscopy documenting the presence of an 
esophageal ulcer  [  108,   111  ] . Fistulization may 
occur. The diagnosis is typically made upon dem-
onstration of sulfur granules on biopsy. Little 
data exist regarding treatment, though anecdotal 
success has been documented with high-dose 
penicillin  [  112  ] .  

   Treponema Pallidum 

 Tertiary syphilis affecting the esophagus is an 
extremely rare occurrence of historical interest. 
Interestingly, the AIDS pandemic has not resulted 
in increased reports of syphilitic esophagitis. 
Tertiary gumma,  fi brotic ulcers, and strictures of 
the proximal esophagus have been reported in the 
remote past  [  113,   114  ] .  

   Protozoal Infections 

   Trypanosoma Cruzi 

  Trypanosoma cruzi  may infect the myenteric 
plexus of the esophagus, giving rise to Chagas 
disease in endemic regions of South America. 
Esophageal manifestations may occur decades 
after the acute infection. The disease is clinically, 
radiologically, and manometrically similar to 
achalasia but differences have been described. 
The lower esophageal sphincter pressure is lower 
than normal patients in Chagas disease unlike 
idiopathic achalasia where it is elevated  [  115  ] . 
This is a re fl ection of the damage to both excit-
atory and inhibitory innervations in Chagas dis-
ease unlike idiopathic achalasia where the 
excitatory innervation is preserved. Treatment 
modalities are similar to that of achalasia and 
focus on palliative measures to reduce lower 
esophageal sphincter pressures and improve 
symptoms  [  116  ] .  
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   Leishmaniasis 

  Visceral leishmaniasis  may rarely involve the 
esophagus. The reported cases have been described 
in HIV-infected patients and often occur as a coin-
fection with other opportunistic infections  [  117, 
  118  ] . Diffuse erythematous mucosa with exten-
sive ulceration may be seen on endoscopy. 
 Leishmania amastigotes  are identi fi ed on biopsy 
of the esophageal ulcers  [  119  ] . (Table  46.1 ).        
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  Abstract 

 Eosinophilic esophagitis (EoE) is a relatively recently recognized, esophageal 
disorder with symptoms that are dominated in adults by dysphagia. Based 
on a 2011 consensus recommendation by a working group of adult and 
pediatric gastroenterologists, allergists, and pathologists, EoE has been 
conceptually de fi ned as a chronic, immune/antigen-mediated disease char-
acterized clinically by symptoms related to esophageal dysfunction and 
histologically by eosinophil-predominant in fl ammation [1]. Once viewed 
as an esoteric diagnosis, EoE has emerged over the past two decades as an 
important consideration in the evaluation of abnormal deglutition and 
foregut symptoms in both children and adults. Studies over the past few 
years have demonstrated that EoE is now a leading cause of esophageal 
dysphagia amongst adult patients, second only to gastroesophageal re fl ux 
disease (GERD). The disease has signi fi cant impact on patients quality of 
life and important complications of esophageal strictures, food impaction, 
and esophageal perforation. 

 The pathogenesis of EoE involves both environmental and genetic fac-
tors with evidence supporting a primary role for food antigens inciting the 
in fl ammatory response. Medical therapy with topical corticosteroids, 
dietary therapies incorporating elimination of speci fi c food antigens and 
esophageal dilation are highly effective.  

  Keywords 

 Eosinophilic esophagitis  •  Gastroesophageal re fl ux disease  •  Dysphagia  
•  Secondary causes of esophageal eosinophilia  •  Initial therapy for EoE  
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     Abbreviations  

  APT    Atopy patch testing   
  EoE    Eosinophilic esophagitis   
  eos/hpf    Eosinophils/high-power  fi eld   
  GERD    Gastroesophageal re fl ux disease   
  PP    Proton pump inhibitor   
  SPED    Six food elimination diet   
  SPT    Skin prick testing         

   Introduction/De fi nition 

 Eosinophilic esophagitis (EoE) is a relatively 
recently recognized, esophageal disorder with 
symptoms that are dominated in adults by 
 dysphagia. Based on a 2011 consensus recom-
mendation by a working group of adult and 
pediatric gastroenterologists, allergists, and 
pathologists, EoE has been conceptually de fi ned 
as a chronic, immune/antigen-mediated disease 
characterized clinically by symptoms related to 
esophageal dysfunction and histologically by 
eosinophil-predominant in fl ammation  [  1  ] . Once 
viewed as an esoteric diagnosis, EoE has emerged 
over the past two decades as an important consid-
eration in the evaluation of abnormal deglutition 
and foregut symptoms in both children and adults. 
Studies over the past few years have demon-
strated that EoE is now a leading cause of esoph-
ageal dysphagia amongst adult patients, second 
only to gastroesophageal re fl ux disease (GERD). 
The disease has signi fi cant impact on patient’s 
quality of life and important complications of 
esophageal strictures, food impaction, and esoph-
ageal perforation.  

   Incidence and Prevalence 

 EoE has been reported in all continents except 
Africa and can affect patients of all ages, from 
infants to octogenarians. The largest case series 
have originated from western, industrialized 
countries. Patient cohorts from around the world 
have uniformly identi fi ed a male predominance of 
over 70%. While the typical patient is Caucasian, 

other ethnic groups including Asian, Hispanic, 
and African-American patients have been 
reported. A number of epidemiologic studies have 
shown that the incidence and prevalence of 
eosinophilic esophagitis are signi fi cantly higher 
today than when it was  fi rst described in 1978 
 [  2,   3  ] . An analysis of an adult cohort from Olmsted 
County, Minnesota, USA, showed that the inci-
dence of EoE increased from 0.35 cases per 
100,000 person years during 1991–1995, up to 
9.45 cases per 100,000 person-years during 2001–
2005. The prevalence in this group was 55.0 
patients per 1,000,000 persons as of January 1, 
2006  [  4  ] . In a demographically stable adult cohort 
in Olten County, Switzerland, the incidence 
increased from two cases in 1989 to six cases per 
100,000 person-years in 2009. The prevalence 
increased from 2 to 35 patients per 100,000 per-
sons over this same time period  [  5,   6  ] . 

 This same trend is seen in a pediatric cohort 
from Hamilton County, Ohio, USA. The  incidence 
of EoE increased from 9 to 12 annual cases per 
100,000 persons between 1999 and 2003; preva-
lence grew from 10 to 43 patients per 100,000 
persons over this time  [  7  ] . Fewer than 3% of the 
315 diagnosed pediatric cases in Hamilton 
County occurred prior to 2000, suggesting a rela-
tively recent rise in annual incidence. The inci-
dence and prevalence reported in the 
aforementioned studies and others  [  3  ]  exceed 
well-recognized in fl ammatory gastrointestinal 
disorders such as Crohn’s disease  [  8  ] . 

 The rapid rise in observed incidence could be 
explained by increases in disease recognition 
re fl ected in changes in clinical practice over time. 
Since the early 1990s, there have been more 
upper endoscopies performed as well as greater 
esophageal biopsy acquisitions by clinicians 
aware of EoE  [  9  ] . Increased awareness of the dis-
ease is evidenced by the rapid rise in the number 
of publications by investigators as well as allergy 
and gastroenterology societies  [  1,   10  ] . On the 
other hand, if one considers that the prevalence of 
other atopic illnesses such as asthma is on the rise 
 [  11  ] , a true rise in the prevalence of EoE is likely. 
Supporting the contention that EoE is truly a new 
disease is the observation that the ringed esopha-
gus, a characteristic feature of eosinophilic 
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esophagitis, was  fi rst reported in small case series 
in the past 30 years in spite of the fact that both 
barium studies and endoscopy have been around 
for decades prior. Interestingly, early reports 
attributed the ringed esophagus to a manifesta-
tion of congenital esophageal stenosis or GERD.  

   Pathophysiology 

 The pathway leading to esophageal eosinophilia 
and dysfunction is a subject of active investiga-
tion. Eosinophils are normally found in small 

numbers in the lamina propria throughout the GI 
tract but are normally absent within the esopha-
geal mucosa, where their presence points to a 
diverse group of disease states including EoE, 
GERD, eosinophilic gastroenteritis, in fl ammatory 
bowel disease, drug hypersensitivity, fungal/par-
asitic infection, drug hypersensitivity, or the 
hypereosinophilic syndrome  [  1  ]  (Table  47.1 ). 
The histopathology of EoE characteristically 
incorporates dense eosinophilic in fi ltration within 
the squamous epithelium with associated histo-
logic changes that include eosinophil microab-
scess formation, basal cell hyperplasia, rete peg 
elongation, and dilated intercellular spaces  [  12  ]  
(Fig.  47.1 ). The environmental and genetic fac-
tors that induce this brisk eosinophil migration 
and degranulation are central to understanding 
the pathogenesis of EoE.   

 Non-EoE related food allergy is estimated to 
affect 6% of children and 3.7% of adults in the 
US population  [  13  ] . Up to 90% of EoE children 
and adults have evidence of hypersensitivity to a 
food or aeroallergen based on IgE testing, while 
only a small subset have a history of food-associ-
ated anaphylaxis  [  13,   14  ] . These observations 
suggest that the immunopathogenesis of EoE 
may involve multiple in fl ammatory pathways. 
The most convincing evidence for the role of 
food hypersensitivity in EoE is the pediatric and 

   Table 47.1    Secondary causes of esophageal eosinophilia   

 Gastrointestinal 
diseases 

 GERD 
 Achalasia 
 Celiac disease 
 Crohn’s disease 

 Autoimmune 
diseases 

 Connective tissue disease 
 Vasculitis 
 Bullous skin disorders 

 Treatment-related 
conditions 

 Graft-versus-host disease 
 Drug hypersensitivity 

 Infection  Parasitic infection 
 Fungal infection 
 HIV-associated esophageal ulcers 

 Eosinophilic 
disorders 

 Hypereosinophilic syndrome 
 Eosinophilic gastroenteritis 

  Fig. 47.1    Histologic features of EoE. ( a ) Normal esopha-
geal mucosa. ( b ) Histopathology of eosinophilic esophagi-
tis. Characteristic features include dense eosinophilic 
in fi ltrate with super fi cial layering ( rectangle ), basal zone 

hyperplasia ( vertical line ), extracellular eosinophilic gran-
ules ( arrow ), eosinophilic microabscess ( black oval ), and 
lamina propria  fi brosis ( red oval ). Images courtesy Elizabeth 
Montgomery, M.D       
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adult studies showing symptomatic and histo-
logic resolution with removal of common dietary 
antigens and relapse with re-introduction of 
speci fi c foods  [  14–  16  ] . 

 Aeroallergens are also implicated in human 
observational studies showing higher rates of 
diagnosis in peak aeroallergen spring/summer 
months  [  17,   18  ]  and in mouse model studies 
showing that inhalation of aeroallergens such as 
 Aspergillus fumigatus  can induce esophageal 
eosinophilia  [  19  ] . In a separate study, initial epi-
cutaneous antigen exposure potentiated esopha-
geal in fl ammation by aeroallergen exposure  [  20  ] . 
These  fi ndings in animals indicate that sensitiza-
tion pathways could occur in human EoE and 
antigen-presenting cells (APCs) may play an 
important role in the pathogenesis  [  13  ] . 

 The overabundant esophageal accumulation 
of eosinophils and mast cells follows allergen 
sensitization. Unlike eosinophils, mast cells are 
normally found in small numbers in the esopha-
gus but are found in larger numbers and in an 
activated state in EoE  [  21,   22  ] . Mast-cell-related 
gene expression is increased in EoE and sup-
pressed after removal of causative dietary aller-
gens  [  23  ] . This complicated process is attributed 
in part to a local Type-2 T cell-mediated immune 
response, which leads to the activation of 
B-lymphocytes that produce immunoglobins 
while promoting the growth, recruitment, and 
activation of eosinophils. Interleukin-5 (IL-5)—a 
cytokine produced by CD4+ Type-2 Helper 
T-cells (T 

h
 2) and mast cells—is a key mediator of 

the latter effect. Esophageal biopsy samples of 
EoE patients have a marked overexpression of 
IL-5 in as well as an overabundance of T 

h
 2 and 

mast cells  [  24  ] . In IL-5 gene-de fi cient knockout 
mice, EoE could not be induced as it could in 
wild-type mice. Mice with overabundant IL-5 
expression through transgenic splicing demon-
strated brisk traf fi cking of eosinophils to the 
esophagus  [  19,   25  ] . This in fl ammatory milieu is 
similarly seen in the affected tissues of other 
atopic diseases such as allergic rhinitis and 
asthma  [  26  ]  and shows the central role of IL-5. 
Recent studies have demonstrated improvement 
in the eosinophilic in fl ammation in both children 
and adults with EoE following therapy with 

speci fi c antibodies directed at IL-5  [  27–  29  ] . 
Furthermore, it supports the theory that EoE is a 
local manifestation of a systemic atopic diathesis 
that may affect multiple organs  [  30  ] . 

 In addition to IL-5, eotaxin-3 is another impor-
tant eosinophil chemoattractant found in high 
levels in the affected esophagus. Eotaxin-3 is one 
of a family of molecules—which also includes 
MIP-1, RANTES, MCP-2, MCP-3, MCP-4, 
eotaxin-1, eotaxin-2—that selectively binds the 
CCR3 receptor on the eosinophil surface. CCR3 
is a speci fi c and abundant eosinophil surface 
receptor; binding to its ligands induces a potent 
chemotaxis and activation of eosinophils  [  31–  33  ] . 
An important study by Blanchard et al.  [  34  ]  
showed that eotaxin-3 was highly expressed in 
the esophageal epithelium of EoE patients and 
that eotaxin-3 protein and mRNA strongly cor-
related with levels of tissue eosinophilia and 
mastocytosis. Furthermore, using a gene microar-
ray study technique, they showed that Eotaxin-3 
was the most highly induced gene among EoE 
patients relative to controls. Lastly, a single 
nucleotide polymorphism (SNP) in the eotaxin-3 
gene was associated with disease susceptibility. 
This study not only shows a potential causative 
role of eotaxin-3 in the pathogenesis of EoE, but 
also begins to clarify its inherited component. In 
a study of eotaxin-3-knockout mice, the level of 
esophageal eosinophilia was reduced by a factor 
of 15 compared to wild-type mice following 
experimental induction of EoE  [  19,   25  ] . 

 Polymorphisms in the gene encoding the 
cytokine thymic stromal lymphopoietin (TSLP) 
on chromosome 5q22 have been found to be 
associated with EoE in a genome-wide associa-
tion study  [  35  ] . These polymorphisms lead to 
TSLP overexpression and an exaggerated T 

h
 2 

immune response. TSLP overexpression has 
already been identi fi ed in the pathogenesis of 
other atopic diseases such as asthma, atopic der-
matitis, and food allergies in both patients and 
murine models  [  36–  38  ] . In a recent study, 
Siracusa et al.  [  39  ]  demonstrated that TSLP over-
expression promotes systemic basophilia and an 
exaggerated Th2 response in a subset of patients 
with EoE. Esophageal tissue samples in these 
patients showed basophils in an activated state 
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not seen in wild-type TSLP populations. Along 
with eotaxin-3, TSLP may be an important 
genetic mediator of the EoE phenotype. 

 The morphological changes that lead to esoph-
ageal dysfunction in EoE are not merely a result 
of eosinophil and mast cell accumulation into the 
mucosal layers, but also due to the products of 
their activation  [  40  ] . This is a distinct feature in 
EoE compared to other causes of esophageal 
eosinophilia. Activated eosinophils release gran-
ules that contain major basic protein (MBP)-1 and 
-2, eosinophilic cationic protein (ECP), eosino-
phil-derived neurotoxin (EDN), and eosinophil 
peroxidase (EPO)  [  41,   42  ] . MBP, EPO, and ECP 
are cytotoxic to epithelium. MBP also can cause 
smooth muscle dysfunction  [  43  ] , degranulation of 
mast cells  [  41  ] , and epithelial hyperplasia  [  44  ] . 
EDN promotes the T 

h
 2 response described earlier 

 [  45  ] . Activated mast cells release granules of 
tryptase, a protease with many downstream tissue-
remodeling effects  [  46  ] . Eosinophils and mast 
cells produce lipid mediators that alter smooth 
muscle function, vascular permeability, and 
mucus production. They also express leukotrienes 
that recruit other in fl ammatory cells  [  13  ] . 

 These in fl ammatory conditions promote 
speci fi c  fi brostenotic structural changes in the 
affected esophagus. In the epithelium of the EoE 
patient, squamous papillary hyperplasia  [  47  ]  and 
hyperplasia of the epithelial basal zone (to > 20% 
of the total epithelial thickness) are commonly 
seen, as are increased numbers of esophageal 
blood vessels compared to both GERD and 
healthy controls. These blood vessels tend to 
have an “activated” endothelium, suggesting their 
presence is a response to local in fl ammation. The 
endothelium surface expresses VCAM-1, whose 
function includes eosinophil adhesion and tissue 
transmigration  [  48  ] . It is in the  fi rst subepithelial 
layer—the lamina propria—where many 
pro fi brotic events that distinguish EoE from other 
forms of esophagitis may occur. Studies have 
shown that increased collagen deposition in the 
lamina propria (LP) leads to subepithelial  fi brosis 
in 57–90% of children with EoE but very uncom-
monly in controls or GERD subjects  [  49,   50  ] . 
Subepithelial  fi brosis was correlated with eosino-
phil degranulation (measured by BMP release) 

but not eosinophil count itself. Aceves et al. 
 [  48,   49  ]  demonstrated that only EoE patients 
(compared to GERD and normal controls) had an 
increased expression of the pro fi brotic cytokine 
TGF b  

1
  and its downstream mediator, phosphory-

lated SMAD2/3. The source of TGF b  
1
  and 

p-SMAD2/3 included eosinophils in the epithe-
lium and LP. An activating C509T mutation in 
the promoter region of the TGF b  

1
  gene seen in 

some EoE patients was associated with persis-
tence of subepithelial  fi brosis even after topical 
steroid therapy. This gene has also been impli-
cated in airway remodeling in asthma  [  51,   52  ]  
and again highlights the shared mechanisms 
between these two related diseases. 

 These microscopic  fi ndings have macroscopic 
consequences. Endosonography of untreated EoE 
patients versus healthy controls has shown an 
increased overall mucosal thickness without a 
difference in epithelial thickness  [  24,   27,   28,   53  ] . 
Using a functional luminal imaging probe 
(EndoFLIP ® ), esophageal distensibility was 
diminished in 33 EoE patients as compared to 15 
controls  [  54  ] . Diffuse esophageal luminal nar-
rowing in a condition known as small-caliber 
esophagus  [  55  ]  along with focal strictures  [  56, 
  57  ]  is seen in patients with EoE (Fig.  47.2 ) and 
responsible for prominent symptoms such as dys-
phagia and food impaction.   

   Clinical Evaluation 

 EoE is a clinicopathologic disease that is charac-
terized by symptoms of esophageal dysfunction 
and histologically by eosinophil-predominant 
in fl ammation  [  1  ] . One or more biopsy specimens 
are required to demonstrate 15 or greater eosino-
phils/high power  fi eld (hpf). The disease is iso-
lated to the esophagus as esophageal eosinophilia 
may be present in eosinophilic gastroenteritis. 
Other causes of secondary esophageal eosino-
philia need be excluded (Table  47.1 ). 

 Onset commonly occurs in the  fi rst decade of 
childhood or in the third or fourth decade of 
adulthood  [  58  ] . In children, typical symptoms are 
abdominal pain, nausea/vomiting, chest pain, 
re fl ux symptoms, and feeding intolerance  [  59  ] . In 
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adults, typical symptoms are dysphagia, food 
impaction, and less commonly re fl ux symptoms  [  1  ] . 
Clinicopathological severity is highly  variable; 
some patients present with rare episodes of minor 
dysphagia, while other patients suffer from 
repeated food impaction, food avoidance, and 
weight loss  [  60  ] . Atopic disorders (e.g., food 
allergies, asthma, allergic rhinitis, and/or atopic 
dermatitis) are found in 70–90% of EoE patients 
 [  13,   61,   62  ] . Familial clustering is demonstrated 
by studies showing that siblings of EoE patients 
are signi fi cantly more likely than the general 
population to also be diagnosed  [  63  ]  and that 
approximately 6–10% of  fi rst-degree relatives of 
EoE patients have a history of biopsy-proven 
EoE or dysphagia requiring endoscopic dilatation 
 [  64  ] . In both animal and human studies, this 
familial clustering has been attributed to a combi-

nation of shared environmental exposures  [  19  ]  
and inherited genetic susceptibility  [  34  ] . 

 There is no single test or  fi nding that is pathog-
nomonic for EoE; the diagnosis requires a careful 
history and histological assessment  [  1  ] . EoE 
should be considered in young children with per-
sistent GERD-like symptoms, including feeding 
problems, and in older children and adults with 
GERD-like symptoms, especially in those with 
dysphagia or esophageal food impaction  [  65  ] . 
The history should include characterization of 
esophageal and upper-gastrointestinal symptoms, 
atopic symptoms, and family histories of allergy 
and dysphagia  [  66  ] . Dietary modi fi cation includ-
ing prolonged meal times, increased liquid inges-
tion during meal times, and food avoidance may 
re fl ect coping strategies used by patients to adapt 
to a chronic dysphagia. 

  Fig. 47.2    Features of eosinophilic esophagitis on barium 
esophagram. ( a ) Proximal esophageal stricture with mul-
tiple rings causing an appearance of “trachealization.” ( b ) 
Narrow caliber esophagus with ring deformity in the 
proximal esophagus. ( c ) Narrow caliber esophagus with 

high-grade stenosis of the entire esophagus (a) A normal 
barium esophagram with peristalsis, (b) Eosinophilic 
esophagitis with  fi xed concentric rings and focal stric-
tures, and (c) Narrow-caliber esophagus. Courtesy 
Dr. Ikuo Hirano       
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 The differences in presenting symptoms 
between children and adults are of importance. 
In a 10-year retrospective case series of 381 
pediatric eosinophilic esophagitis from a single 
referral center, Liacouras et al.  [  67  ]  found that 
312 (82%) presented with GERD symptoms 
and only 69 (18%) presented with dysphagia. In 
the GERD-type symptom subgroup, 70% of 
patients presented with vomiting or regurgita-
tion and 61% had heartburn or epigastric pain. 
In the dysphagia group, only 24 patients had 
esophageal luminal narrowing. Conversely, in 
an adult study of 74 patients diagnosed with 
EoE, the most common presenting symptom 
was dysphagia (90%), food impaction (55%), 
heartburn (31%), and abdominal pain (4%)  [  68  ] . 
Compared to children, adults are more prone to 
mechanically obstructive symptoms on presen-
tation. This difference in symptom presentation 
may re fl ect dif fi culties in symptom reporting by 
young children or progression of disease from 
esophageal in fl ammation to  fi brostenotic 
complications. 

 The physical examination of the patient is 
often unhelpful because EoE patients typically 
lack systemic  fi ndings  [  66  ] . The examination of 
the lungs, skin, and nares may provide help-
ful clues when signs of atopy are present. 
Furthermore, the presence of oral or cutaneous 
pathology may point to a secondary cause of 
esophageal eosinophilia such as bullous skin dis-
ease, infectious pharyngitis/esophagitis, or a con-
nective tissue disorder. Currently available 
noninvasive biomarkers are of limited utility in 
diagnosing or following EoE. Peripheral blood 
eosinophilia is seen in up to 50% of adults and 
children and may track with disease activity  [  47, 
  68–  70  ] . However, due to the limited sensitivity 
and speci fi city in the presence of other atopic dis-
orders in EoE patients, the clinical utility of 
peripheral eosinophilia is not reliable. Increased 
serum immunoglobulin E (IgE) levels, positive 
skin prick test, and positive radioallergosorbent 
can be found in 40–73% of patients  [  71  ] . The 
presence of these laboratory  fi ndings can be sug-
gestive of EoE, but lack sensitivity and speci fi city 
to be diagnostic on their own  [  66  ] . 

   Endoscopic and Manometric Evaluation 

 Esophagogastroduodenoscopy (EGD) is an impor-
tant tool in the evaluation of EoE. Careful endo-
scopic examination should include assessment of 
all segments of the esophagus for vascular pattern, 
surface contour, and lumen diameter. Endoscopy 
serves an important role in the exclusion of disease 
states associated with esophageal eosinophilia 
including bullous pemphigus, infectious esophagi-
tis, neoplasia, and achalasia. Characteristic esoph-
ageal mucosal changes detected on endoscopy in 
patients with EoE include  fi xed rings, longitudinal 
furrows, exudates, and loss of vascular markings 
(Fig.  47.3 ). The loss of the  fi ne submucosal vascu-
lar pattern, referred to as mucosal edema or pallor, 
is thought to be the consequence of cellular 
in fi ltration and mucosal thickening. Straumann 
et al.  [  72  ]  found a loss of vascularity in 28 out of 
30 EoE patients (93.3%). A series of 74 adults 
with EoE described the prevalence of esophageal 
abnormalities on endoscopy as follows:  fi xed rings 
(81%), longitudinal furrows (74%), exudates 
(15%), and stricture (31%)  [  73  ] . A normal appear-
ance of the esophageal mucosa has been reported 
in up to 30% of pediatric and adult series but this 
lower sensitivity may re fl ect variability in report-
ing methods and a lack of consistent de fi nition of 
the criteria for evaluation of the esophageal fea-
tures of EoE.  

 The sensitivities of these endoscopic  fi ndings 
have been evaluated. Prasad et al.  [  74  ]  performed 
an EGD with biopsy on 376 adults with dys-
phagia and compared the endoscopic  fi ndings to 
the histologic  fi nding of esophageal eosino-
philia. The sensitivity of stricture was 50% while 
rings, furrows, and exudates were 38% sensitive. 
When patients with dysphagia and no endo-
scopic  fi ndings were biopsied, 10% were found 
to have EoE. In a similar study of all patients 
referred for upper endoscopy, not just those with 
dysphagia, esophageal rings were 52%, furrows 
48%, strictures 28%, and plaques 20% sensitive 
in predicting esophageal eosinophilia  [  75  ] . If 
any single esophageal abnormality was present, 
the sensitivity for endoscopy was 72%. Higher 
sensitivities for esophageal  fi ndings in adults 
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with EoE exceeding 90% have been reported in 
adult series utilizing observations from investi-
gators with greater experience in EoE  [  27,   28, 
  76  ] . However, in light of the signi fi cant propor-
tion of patients lacking characteristic esophageal 
features and varied experience of clinicians, 
mucosal biopsies should be obtained in all 
patients with suspected EoE regardless of the 
appearance on endoscopy. 

 A system for classifying and grading the endo-
scopically identi fi ed, esophageal features of EoE 
has been proposed  [  77  ]  (Table  47.2 ). The estab-
lishment of uniform nomenclature facilitates 
communication between clinicians and different 
medical centers as well as comparisons in clini-
cal studies. Grading the features should allow 
improved characterization of disease, as esopha-
geal remodeling is an important determinant of 
disease complications that is not well evaluated 
by mucosal histology.  

 Whether speci fi c esophageal motility distur-
bances exist with higher prevalence in EoE is con-
troversial. In one study, ineffective peristalsis was 
seen in 5/6 (83.3%) with EoE versus 10/32 
(31.2%) patients without it. This same study failed 
to identify any signi fi cant differences in LES pres-
surization, the presence of esophageal spasm, or 
esophageal body pressurization  [  78  ] . Bassett et al. 
 [  79  ]  found that the prevalence of nonspeci fi c 
esophageal motor disorder (NSEMD) had similar 
prevalence in EoE (10%) as historical GERD con-
trols. Studies using augmented techniques such as 
24-h ambulatory manometry  [  80  ]  and high-reso-
lution manometry  [  81  ]  have identi fi ed higher rates 
of ineffective peristalsis and abnormal bolus pres-
surization, respectively. In light of these variable 
results, current guidelines state that esophageal 
manometry does not offer clear clinical bene fi t in 
the diagnostic workup of EoE  [  1  ] . Further research 
is needed in this area.  

  Fig. 47.3    Features of eosinophilic esophagitis on upper 
endoscopy. ( a ) Mucosal exudates (plaques) with loss of 
vascular markings (edema). ( b ) Punctate white exudates 
in the distal esophagus with a focal distal esophageal 
ring-like stricture and loss of vascular markings. ( c ) 
Subtle mucosal rings and longitudinal furrows. ( d ) Subtle 

mucosal rings, longitudinal furrows, diffuse mucosal 
exudates, and loss of vascular markings. ( e ) Distinct 
mucosal rings with a proximal ring-like structure that did 
not permit passage of an adult, diagnostic upper endo-
scope. ( f ) Distinct mucosal rings with loss of vascular 
markings       
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   Histopathology 

 The esophageal eosinophilia that characterizes 
EoE is patchy and best assessed with multiple 
biopsy samples from different locations within 
the esophagus. Two to four mucosal biopsy speci-
mens of the proximal and distal esophagus are 

recommended  [  1,   73  ] . Sampling of the proximal 
esophagus is thought to help discriminate EoE 
from GERD, but this has not been subjected to 
adequate study  [  82  ] . When clinically indicated by 
symptoms or endoscopic  fi ndings, patients should 
have biopsies taken from the stomach and duode-
num to exclude secondary causes of  esophageal 
eosinophilia such as celiac disease and eosino-
philic gastroenteritis  [  1  ] . The typical histologic 
features of EoE include a high peak eosinophil 
count ( ³ 15 eos/hpf), eosinophil microabscesses, 
super fi cial layering of  eosinophils, extracellular 
eosinophil granules, basal cell hyperplasia, dilated 
intercellular spaces, rete peg elongation, subepi-
thelial lamina propria  fi brosis, and increases in 
other cell types such as lymphocytes  [  1  ]  
(Fig.  47.1 ).  

   Eosinophilic Esophagitis and GERD 

 The distinction between GERD and EoE has 
important clinical, pathophysiologic, and thera-
peutic implications. Studies from the eighties 
identi fi ed esophageal eosinophilia in both chil-
dren and adults as a diagnostic criterion for 
GERD  [  83,   84  ] . The presence of esophageal 
eosinophilia correlated with abnormal esopha-
geal acid exposure. In most cases, the eosinophils 
numbered less than ten per microscopic high 
power  fi eld (hpf) and were concentrated in the 
distal esophagus  [  12  ] . In the early 1990s, two 
adult case series  fi rst described EoE as a entity 
distinct from GERD  [  85,   86  ] . The presentation of 
dysphagia and food impaction in atopic individu-
als with endoscopic  fi ndings of esophageal rings 
and longitudinal furrows was distinct from the 
heartburn, regurgitation, and erosive esophagitis 
that typi fi ed GERD. The degree of esophageal 
eosinophilic in fi ltration of the squamous epithe-
lium in EoE exceeded that typically seen in 
GERD. Furthermore, these  fi rst EoE series 
included patients with normal pH testing or failed 
response to proton pump inhibitor (PPI) therapy. 
The distinction between EoE and GERD was 
supported in a retrospective pediatric study that 
found an inverse correlation between the degree 
of esophageal eosinophilia and re fl ux severity 

   Table 47.2    Proposed classi fi cation and grading system 
for the endoscopic assessment of the esophageal features 
of eosinophilic esophagitis (Moy et al.  [  77  ] )   

 Major features 
 Fixed rings (also referred to concentric rings, corrugated 
esophagus, corrugated rings, ringed esophagus, 
trachealization) 
  Grade 0: none 
  Grade 1: mild-subtle circumferential ridges 
   Grade 2: moderate-distinct rings that do not impair 

passage of a standard diagnostic adult endoscope (outer 
diameter 8–9.5 mm) 

   Grade 3: severe-distinct rings that do not permit 
passage of a diagnostic endoscope 

 Exudates (also referred to as white spots, plaques) 
  Grade 0: none 
   Grade 1: mild-lesions involving less than 10% of the 

esophageal surface area 
   Grade 2: severe-lesions involving greater than 10% of 

the esophageal surface area 
 Furrows (also referred to as vertical lines, longitudinal 
furrows) 
  Grade 0: Absent 
   Grade 1: mild-vertical lines present without visible 

depth 
   Grade 2: severe-vertical lines with mucosal depth 

(indentation) 
 Edema (also referred to as decreased vascular markings, 
mucosal pallor) 
  Grade 0: absent. distinct vascularity present 
  Grade 1: loss of clarity or absence of vascular markings 
 Stricture 
  Grade 0: absent 
  Grade 1: present 
 Minor features 
 Crepe paper esophagus (mucosal fragility or laceration 
upon passage of diagnostic endoscope but not after 
esophageal dilation) 
  Grade 0: absent 
  Grade 1: present 
 Narrow caliber esophagus (reduced luminal diameter of 
the majority of the tubular esophagus) 
  Grade 0: absent 
  Grade 1: present 
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determined by pH testing  [  87  ] . Abnormal re fl ux 
testing was more likely in children with  £ 5 eos/
hpf and uncommon in those with >20 eos/hpf. 
Another pediatric study characterized esophageal 
eosinophilia as a predictor of poor symptom 
response to re fl ux therapy  [  88  ] . 

 The notion that EoE and GERD were separate 
entities was furthered by investigations of aller-
gic cell mediators and biomarkers. Histologic 
detection of mast cells and tissue expression of 
eotaxin-3 and eosinophil peroxidase were 
signi fi cantly greater in EoE compared with 
GERD  [  12,   21,   34,   42  ] . Genome-wide microar-
ray analysis detected an mRNA transcript signa-
ture involving 1% of the human genome in EoE 
that was distinct from chronic esophagitis (pre-
sumably related to GERD)  [  34  ] . These observa-
tions led to the concept that detection of elevated 
esophageal eosinophilia was indicative of an 
“allergic,” non-GERD esophagitis. 

 Over the past decade, it has become evident 
that esophageal eosinophilia does not exclude the 
presence of GERD. Twenty- fi ve percent to 50% 
of pediatric and adult EoE patients have evidence 
of increased distal esophageal acid exposure on 
pH monitoring  [  69,   89,   90  ] . Additional studies 
have demonstrated the presence of distal esopha-
geal erosions in patients with symptoms and his-
tologic evidence of EoE. The presence of 
objective GERD diagnostic parameters did not 
implicate GERD as the cause of the esophageal 
eosinophilia since these series identi fi ed patients 
who had failed therapeutic trials of PPI. Instead, 
the data supported the coexistence of EoE and 
GERD. The intersection between the entities is 
not only reasonable but expected given the high 
prevalence of GERD in the general population. 

 The concept that patients with suspected EoE 
might have GERD originated in a case series of 
three patients with symptoms, endoscopic fea-
tures, and histopathology consistent with EoE 
who responded to PPI  [  91  ] . Two recent, retro-
spective pediatric studies involving 79 children 
with EoE reported a 39% response to PPI therapy, 
with response de fi ned by <5 eos/hpf  [  92,   93  ] . A 
prospective study examined the response to PPI 
therapy amongst 35 adults with esophageal 
eosinophilia de fi ned by >15 eos/hpf  [  94  ] . Seventy-

 fi ve percent of the patients with esophageal 
eosinophilia responded to an 8-week course of 
rabeprazole 20-mg BID, with response de fi ned 
by achieving <5 eos/hpf. Furthermore, a subgroup 
of esophageal eosinophilia patients with a symp-
tom pro fi le (dysphagia or food impaction) and 
endoscopic  fi ndings (rings, furrows) characteris-
tic for EoE had a 50% response to the PPI trial. 

 The high response rate of esophageal eosino-
philia to PPI seemingly supports the original sup-
position that esophageal eosinophilia is a 
manifestation of GERD. The delineation between 
GERD and EoE is, however, not straightforward 
 [  95  ] . Symptom or histologic response to PPI 
should not necessarily de fi ne GERD in the con-
text of patients with suspected EoE. Acid re fl ux 
may cause or exacerbate an allergic in fl ammatory 
response by a variety of postulated mechanisms 
that include (1) acid increases eosinophil viabil-
ity  [  96  ] , (2) esophageal acid exposure induces the 
release of mast cell mediators  [  97  ] , and (3) GERD 
is associated with dilated intercellular spaces in 
the squamous epithelium that might allow pene-
tration of allergens. Furthermore, PPI therapy 
may have anti-in fl ammatory effects beyond acid 
suppression  [  98  ] . 

 The differentiation between GERD and EoE 
has important implications in terms of patient 
management. One of the earliest studies on EoE 
reported a cohort of children with esophageal 
eosinophilia who were diagnosed with GERD 
deemed refractory to medical therapy, the major-
ity of whom underwent fundoplication without 
improvement  [  99  ] . The children were subse-
quently shown to respond symptomatically and 
histologically to an elemental diet. EoE should 
be considered in patients with “refractory re fl ux” 
prior to consideration of anti-re fl ux surgery. 
While this scenario is more commonly encoun-
tered in pediatrics, prospective adult studies have 
detected EoE in 1–4% of patients with re fl ux 
symptoms failing PPI therapy  [  100,   101  ] . On the 
other hand, committing patients with suspected 
EoE to long-term steroid or elimination diet ther-
apy who might otherwise respond to PPI is also 
important. The safety pro fi le of PPI is established 
while the long-term physical and psychosocial 
implications of topical steroids and dietary 
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 intervention are unknown. The utility of bio-
markers and re fl ux diagnostic testing with pH 
studies is being investigated. An empiric thera-
peutic trial of PPI therapy in suspected EoE 
patients is a practical approach until better means 
of distinguishing GERD from EoE become avail-
able  [  60  ] . Patients demonstrating a symptom and 
histologic response to the PPI trial are classi fi ed 
as having “PPI-responsive esophageal eosino-
philia” and may have either GERD or a PPI-
responsive form of eosinophilic esophagitis. On 
the other hand, patients with persistent symptoms 
and eosinophilic in fl ammation meet the 2011 
consensus recommendation de fi nition of EoE. 
Uncertainty exists regarding patients with partial 
response to PPI therapy or who demonstrate clin-
ical but not histologic response to PPI therapy. 
Combinations of PPI therapy with primary ther-
apy directed at EoE may be appropriate in such 
circumstances.   

   Natural History 

 Prospective data pertaining to the natural history 
and the long-term prognosis of EoE is inherently 
limited given its relatively recent recognition as a 
distinct clinicopathologic entity  [  85,   102  ] . Much 
of what we know about the natural history is 
gleaned from retrospective cohort studies, case 
series, and placebo groups in controlled trials 
 [  103–  105  ] . 

 Straumann et al.  [  47  ]  has provided the longest 
period of prospective follow-up in a study that 
followed 30 adult patients for a mean of 7.2 years. 
This study and others  [  86  ]  describe a disease that 
is chronic, characterized by years of persistent 
dysphagia in adults. Further evidence of chronic-
ity is suggested by studies that identify a high 
rate of relapse following medical treatment. In an 
Australian therapeutic trial of topical corticoster-
oids, 14 of 19 patients (74%) experienced relapse 
3 months after cessation of the drug  [  89  ] . This 
 fi nding has also been observed in a 10-year retro-
spective cohort of children  [  67  ] . 

 Patients can experience  fl uctuations in disease 
activity independent of treatment. Among 11 
children receiving placebo in a topical steroid 

trial, one (9%) achieved spontaneous histologic 
remission and three (27%) achieved resolution of 
symptoms over a 3-month study period  [  106  ] . 
This  fl uctuation may represent the nature of EoE 
itself or the in fl uence of seasonal aeroallergens 
 [  107,   108  ] , which has been implicated in basic 
science studies described earlier. 

 The variability in EoE activity also extends to 
the observation that some patients outgrow the 
disease with or without persistent  fi brostenotic 
sequelae and others follow an unrelenting 
in fl ammatory progression leading to complica-
tions if left untreated. That said, the concern for 
progression of EoE to extra-esophageal diseases 
such as the hypereosinophilic syndrome or 
eosinophilic gastrointestinal disorders (EGID) 
has not been supported by the literature  [  103  ] .  

   Complications 

   Impaired Quality of Life 

 Beyond symptoms of dysphagia, there is an 
adverse psychosocial impact when the personal 
and social pleasure attached to eating and drink-
ing is compromised. Important indicators of dis-
ease burden include food avoidance and dietary 
modi fi cation, prolongation of meal times, and 
avoidance of social dining, anxiety, uncertainty, or 
emotional reactions to disease. Addressing these 
concerns, a disease-speci fi c quality of life instru-
ment has been developed and validated  [  109  ] .  

   Esophageal Stricture 

 A high rate of focal strictures has been identi fi ed 
in adults with EoE, seen both radiographically 
and endoscopically  [  68,   102,   110  ]  (Figs.  47.2  and 
 47.3 ). As described before, adults tend to form 
focal strictures more readily than children for 
unknown reasons that may be related to disease 
duration or differences in the pathogenesis in dif-
ferent age groups  [  67,   68  ] . The endoscopic 
appearance of these focal strictures may appear 
as a solitary ring, a short ringed segment or 
focally tapered segment. Long-segment narrowing 
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of the esophagus, known as small-caliber esopha-
gus is generally best identi fi ed on a barium eso-
phogram  [  55,   111  ] .  

   Food Bolus Impaction 

 Food bolus impaction is a common, serious, and 
costly complication associated with EoE, often 
necessitating urgent endoscopy in an emergency 
room setting. Desai et al. demonstrated that 17 of 
31 patients (60%) referred for workup of food 
impaction received the diagnosis of eosinophilic 
esophagitis. Complications of esophageal tears 
and Boerhaave’s syndrome have been reported in 
the setting of food impaction in EoE.  

   Esophageal Perforation 

 Three cases of spontaneous esophageal rupture 
not associated with esophageal dilation have been 
reported in the literature  [  104,   105,   112,   113  ] . 
Two occurred in the context of nausea and vomit-
ing from a presumed GI infection, and the third 
occurred in the setting of aggressive retching 
caused by an impacted food bolus. All patients 
had preexisting dysphagia and were managed 
surgically. Esophageal perforation in the setting 
of diagnostic endoscopy and esophageal dilation 
is discussed later.  

   Malignancy Risk 

 The concern that EoE might predispose to a 
malignancy is based on three, indirect observa-
tions: (1) chronic in fl ammatory conditions of the 
GI tract such as in fl ammatory bowel disease, 
GERD, and chronic atrophic gastritis can predis-
pose to cancer, (2) certain chronic eosinophilic 
disorders are associated with T-cell clones that 
predispose the patient to lymphoproliferative dis-
orders, and (3) the risk of concurrent GERD in a 
subset of patients with EoE may be an indepen-
dent risk factor for esophageal cancer. In a cohort 
of 200 adult EoE patients followed in Olten 
County, Switzerland for a period of up to 17 years, 

no malignant tumor or dysplasia was diagnosed 
in the esophagus  [  103–  105  ] . In a prospective case 
series of 30 adults from the same investigators, 
none developed a premalignant condition or can-
cer at a mean 7.2-year follow-up period  [  47  ] . 
Isolated case reports and small series have 
identi fi ed Barrett’s esophagus in patients with 
EoE. However, it remains unproven whether the 
Barrett’s is causally related to the diagnosis of 
EoE in these patients or that the prevalence of 
Barrett’s in these cohorts is any higher than the 
general population.   

   Therapy 

 In the relatively short time since the recognition 
of EoE as a distinct entity, studies have identi fi ed 
a number of effective medical, dietary, and endo-
scopic therapies in both children and adults with 
EoE (Table  47.3 ). The goals of therapy of EoE 
include not only alleviation of presenting 
 symptoms but also prevention of disease recur-
rence, improvement in quality of life, and preven-
tion of complications. Uncertainty exists 
regarding the most pertinent endpoints of treat-
ment of EoE. Symptoms are a commonly tracked 
clinical outcome. The interpretation of symptom 
improvement is problematic as patients may 
modify their diets to minimize ingestion of foods 
that are dif fi cult to swallow whereas others have 
sporadic symptoms that may not manifest during 
a short follow-up period. Some patients    alter 
their eating habits by means of meticulous masti-
cation and prolonged meal times. While such 
alterations may result in a patient reporting mini-
mal dysphagia, a substantial reduction in quality 
of life may result from adverse effects on social 
interaction and meal enjoyment  [  114  ] .  

 In existing studies, response is determined by a 
reduction in esophageal eosinophilia. However, 
the appropriate degree of reduction is uncertain 
and different target endpoints have been used 
including <15, <10, or <5 eosinophils per high 
power  fi eld (eos/hpf). Other markers of tissue 
injury such as eosinophil degranulation proteins, 
basal cell hyperplasia, or subepithelial  fi brosis 
may be as important as the actual number of 
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eosinophils  [  48,   49  ] . Furthermore, studies have 
demonstrated that esophageal eosinophilia can 
extend to involve the submucosa as well as muscu-
laris layers, regions that are not routinely sampled 
by esophageal mucosal biopsies  [  53,   115  ] . Finally, 
structural alterations in the esophagus may not 
necessarily reverse with treatment directed at 

esophageal in fl ammation. Endoscopic esophageal 
mucosal changes, radiographic presence of esoph-
ageal strictures, and alterations in esophageal 
mural distensibility are important consequences of 
EoE that may serve as objective outcomes  [  54  ] . 

 The majority of the published therapeutic 
studies to date have focused on therapeutic 

   Table 47.3    Treatment options for eosinophilic esophagitis   

 Treatment  Advantages  Disadvantages 

 Medications 
 Topical steroids  Ease of administration  Candidiasis 

 Fluticasone  High degree of ef fi cacy 
in randomized controlled trials 

 Recurrent disease after cessation 

 Budesonide  High degree of effectiveness in 
uncontrolled studies 

 High degree of 
 effectiveness 
in randomized trials 

 High degree of ef fi cacy 
in randomized controlled trials 

 Toxicities of systemic steroid 

 Ease of administration  Recurrent disease after cessation 
 Antihistamines  Ease of administration  Limited data to support effectiveness 
 Leukotriene antagonist  Symptom improvement 

in uncontrolled studies 
 High doses may be needed for effect 
 No change in esophageal eosinophilia 
 Side effects of nausea and myalgias 

 Immunomodulator  Steroid sparing agent  Immunosuppression 
 Side effects 
 Limited data to support effectiveness 

 Anti-TNF therapy  Rationale based on increased tissue 
expression of TNF 

 No clinical improvement in a small, uncontrolled 
trial 

 Anti-IL-5 therapy  Rationale based on role of IL-5  Con fl icting data to support ef fi cacy in systemic 
eosinophilic disorders 

 Cromolyn sodium  Rationale based on asthma model  Limited pediatric data does not support 
effectiveness 

 Diet 
 Elemental  High degree of effectiveness  Poor palatability 

 Simpli fi ed diet  Requires prolonged period of food reintroduction 
 Avoidance of long-term use of 
medications 

 Repeated EGD and biopsies to identify allergen 

 Directed elimination  High degree of effectiveness  Skin prick test with poor predictive value 
 Theoretical advantage of more 
selective diet 

 Atopy patch testing not standardized or widely 
available 

 Avoidance of long-term use of 
medications 

 Repeated EGD and biopsies to identify allergen 

 Empiric elimination  High degree of effectiveness  Repeated EGD and biopsy to identify causative food 
 Avoidance of long-term use of 
medications 

 High degree of vigilance to avoid contamination 

 Dilation 
 High degree of effectiveness  Reports of esophageal laceration causing signi fi cant 

pain and infrequent hospitalization 
 Prolonged symptom response 
without medications 

 Infrequent reports of esophageal perforation 
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 outcomes of symptoms and esophageal eosino-
philia. When comparing existing treatment stud-
ies, differences in patient selection, de fi nition of 
therapeutic response, and duration of treatment 
are important parameters that may explain het-
erogeneity in results. Validation of EoE dys-
phagia scoring instruments and an EoE activity 
index combining clinical with endoscopic and 
histologic parameters are under way and should 
offer a standardized assessment of patient 
response to therapy for clinical studies. 

   Initial Therapy for EoE 

 For adults, topical steroids are the most com-
monly used treatment given the ease of adminis-
tration and published data supporting their 
ef fi cacy and safety. Several prospective uncon-
trolled studies and six randomized controlled 
trials have evaluated the effectiveness and 
ef fi cacy of steroids, respectively  [  27,   28,   76,   89, 
  106,   116,   117,   130,   131  ] . With the exception of 
one study, the adult trials with topical steroids 
have consistently demonstrated marked, 
signi fi cant clinical and histologic improvement 
after therapy administered from 15 days to 
3 months. Histologic response rates de fi ned by 
less than 6 eos/hpf were achieved in recent stud-
ies in over 70% of patients. Endoscopic signs of 
rings, furrows, and strictures visibly improve 
but may not completely resolve  [  116  ] . Signi fi cant 
variability in the degree of response to topical 
steroids has been observed. Interestingly, in 
pediatric studies, allergic individuals identi fi ed 
by reactivity on skin testing and taller subjects 
demonstrated lower response rates  [  76,   106  ] . 
The data suggest that the ef fi cacy of topical ste-
roids may be affected by the dose of steroid as 
well as degree of underlying atopy. The mode of 
administration through swallowed aerosolized 
particles or viscous liquid preparations may 
affect the delivery and contact time of the ste-
roid with the esophageal mucosal surface. Based 
on pediatric data, the ef fi cacy of topical and sys-
temic steroids appears comparable  [  117  ] . 
Compliance with prolonged therapy has been a 
concern as the symptomatic bene fi ts are not 

immediate and tend to last for prolonged periods 
after cessation. 

 Limitations of topical steroids include disease 
recurrence in 90% following cessation and uncer-
tainty regarding long-term safety  [  67  ] . A pro-
portion of patients have limited responsiveness to 
topical steroids perhaps owing to drug delivery, 
intrinsic steroid resistance, or an underlying 
strong allergic predisposition. Whether such 
patients would respond to higher doses of topical 
steroids, therapy directed at allergic environmen-
tal triggers, or systemic steroids has yet to be 
determined. The primary side effect of topical 
steroids has been oropharyngeal or esophageal 
candidiasis. A prospective study in children 
administered  fl uticasone at doses of 220–440 mcg 
QID found esophageal candidiasis in 15% of 
patients, although the patients did not report 
symptoms attributable to the infection  [  117  ] . 
Potential concerns for steroid side effects such as 
adrenal insuf fi ciency or osteoporosis have not 
been reported. Pharyngeal irritation is more com-
monly reported with aerosolized steroid and may 
be related to contact irritation by the propellant. 

 Systemic corticosteroids were one of the  fi rst 
treatment options reported for EoE. Retrospective 
studies have demonstrated their effectiveness in 
inducing symptomatic and histologic remission. 
Nevertheless, prolonged systemic corticoster-
oids use is associated with well-known toxicities. 
A pediatric study randomized 80 patients to ther-
apy with either topical  fl uticasone 220–440 mcg 
four times a day or oral prednisone 1 mg/kg twice 
a day  [  117  ] . Posttreatment tissue eosinophilia 
was similarly reduced to < 5 eos/hpf in 67% and 
78% of the  fl uticasone and prednisone groups, 
respectively. Adverse effects were seen in 40% of 
the prednisone group including Cushingoid fea-
tures and weight gain whereas 15% of the 
 fl uticasone group developed esophageal candidi-
asis that was asymptomatic. 

 Montelukast is a leukotriene D4 receptor 
antagonist. Attwood et al.  [  118  ]  used doses of 
montelukast, up to 100 mg/day, in eight adult 
patients with median follow-up of 14 months. 
Symptom improvement was found in seven 
patients. Six patients noted recurrence of symp-
toms in less than 3 weeks after discontinuing 
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therapy. Montelukast did not change the density 
of eosinophils although this may not be relevant 
given the mechanism of this agent. In a separate 
pediatric study, however, biopsies from patients 
with EoE did not show a signi fi cant increase in 
leukotrienes compared with control, calling into 
question the rationale for use of a leukotriene 
antagonist  [  119  ] . Side effects including nausea, 
headache, and myalgia may limit the use of mon-
telukast in some patients with EoE. 

 Analogous to their use in in fl ammatory bowel 
disease, biologic therapy offers potential therapy 
as disease modifying agents. Translational 
research studies have identi fi ed key immune 
mediators in the pathogenesis of EoE that include 
IL-5, TNF-a, IL-13, and IgE. Given the ef fi cacy of 
interleukin (IL)-5 in other eosinophilic disorders, 
it has been postulated that anti-IL-5 antibody 
may be an ef fi cacious therapeutic option for EoE. 
Mepolizumab is a fully humanized monoclonal 
IgG antibody that selectively binds and inacti-
vates IL-5. Stein et al.  [  120  ]  demonstrated that 
mepolizumab effectively reduced peripheral 
blood eosinophilia by ninefold and the number of 
circulating CCR3+ cells in four patients with 
EoE. Maximal esophageal eosinophil counts fell 
from 153 to 28 eos/hpf with 4 weeks of therapy. 
Patients reported improvement in quality of life 
and symptoms. There were no reported serious 
adverse effects of mepolizumab. A second ran-
domized, controlled study included 11 patients 
with EoE who were unresponsive or dependent 
on systemic corticosteroid therapy. Mepolizumab 
was administered for 4 weeks. There was a statis-
tically signi fi cant decrease in both peripheral and 
esophageal eosinophilia; however, no patient 
achieved histologic remission (<5 eos/hpf) and 
symptom bene fi t was modest. Further studies to 
determine the role of anti-IL-5 therapy in EoE are 
ongoing. Anti-IgE therapy has also been pro-
posed in patients with EoE. In an open label trial, 
nine adults with eosinophilic gastroenteritis, of 
whom seven also had EoE, were put on omali-
zumab. While there was a signi fi cant decrease in 
symptoms, IgE levels, and peripheral eosino-
philia, increased esophageal eosinophilia was 
noted  [  121  ] . Recent studies have shown the 
increased expression of tumor necrosis factor 

(TNF) in patients with EoE. Thus, the use of TNF 
alpha monoclonal antibody, in fl iximab, to induce 
remission in EoE may be a potential therapeutic 
option. An open label pilot study of three patients 
treated with two doses of in fl iximab 5 mg/kg at 
weeks 4 and 6 was not able to demonstrate an 
improvement in symptoms, esophageal eosino-
philia, or tissue expression of TNF alpha  [  104  ] . 
More data on the use of biologic therapy as 
monotherapy or in combination with existing 
therapies are needed. 

 Available data support the effectiveness of 
dietary therapy in adults with EoE although the 
majority of studies have been from pediatric cen-
ters. The three dietary approaches used in chil-
dren include elemental diet, allergy testing 
directed elimination diet, and empiric elimina-
tion diet  [  15,   67,   122  ] . In 1995, Kelly and 
Sampson introduced the concept of food antigen 
elimination as primary therapy for EoE. Ten chil-
dren with symptoms of GERD and esophageal 
eosinophilia who failed conventional re fl ux ther-
apies were placed on an elemental, amino acid 
based formula for 6 weeks. Complete symptom 
resolution was seen in 80% of patients with 
marked reduction in esophageal eosinophilia 
 [  99  ] . The effectiveness of elemental diet was 
con fi rmed in larger retrospective trials. Liacouras 
et al. reported signi fi cant clinical and histologic 
improvement in 97% of 164 children who were 
fed an amino acid based formula (Neocate 1+, 
SHS North America, Gaithersburg, MD; Elecare, 
Ross Pediatrics, Abbott Laboratories, Abbott 
Park, IL)  [  67,   123  ] . Eosinophils were reduced 
from 39 eos/hpf pre-therapy to 1 eos/hpf after 
treatment. Because of the formula’s unpleasant 
taste, 80% of patients were fed by nasogastric 
(NG) tube. While elemental diet remains the 
“gold standard” dietary approach, the dif fi culties 
with administration and compliance limit its use 
in practice. 

 Kagalwalla and Li introduced the six-food 
elimination diet (SFED) as a means of avoiding 
the problems with the elemental diet  [  122  ] . SFED 
empirically eliminated the six most common 
food allergies: milk protein, soy, peanut/tree nuts, 
egg, wheat, and seafood. This approach allows 
the patient to continue to consume a variety of 
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foods such as chicken, beef, pork, rice, fruits, and 
vegetables. In the initial study of 35 children who 
underwent the SFED, 74% had signi fi cant histo-
logic improvement (< 10 eos/hpf) after 6 weeks 
of treatment. Overall, esophageal eosinophilia 
was reduced from 80 to 14 eos/hpf. Patients who 
achieved histologic resolution of EoE on SFED 
subsequently underwent stepwise reintroduction 
of the eliminated foods into the diet. A recent 
prospective study of adults applied the empiric 
elimination of common food allergens for 
6 weeks followed by systematic food reintroduc-
tion  [  16  ] . Histologic response rates de fi ned by 
less than 10 eos/hpf were achieved in 65%. 
Symptom improvement in dysphagia occurred in 
almost every patient with demonstrable improve-
ment in endoscopic abnormalities. Milk and 
wheat were the most common food triggers 
identi fi ed. Based on the response to food reintro-
duction testing amongst responders, skin prick 
testing for food allergens led to both false-nega-
tive and false-positive results in the majority of 
patients. 

 Although pediatric series describe hundreds 
of EoE patients treated effectively with diet, none 
of the studies have been randomized controlled 
trials. It is important to emphasize that the goal of 
dietary therapy is not only achieving symptom-
atic and histologic disease remission but more-
over the identi fi cation of speci fi c food allergens. 
In some instances, patients may prefer the dietary 
approach as a non-pharmacologic intervention to 
eliminate environmental triggers to their disease. 
The dietary approach requires a highly motivated 
patient willing to avoid common food groups for 
a de fi ned period of time with vigilance regarding 
dietary contamination. The success is optimized 
by close supervision by a dietician with experi-
ence in food allergy. 

 Disadvantages of elimination diet therapies 
include the potential impact on patient quality of 
life during the initial elimination phase of the diet 
as well as long-term selective elimination of 
speci fi c food. Currently, the reintroduction phase 
incorporates symptom assessment combined with 
periodic endoscopic surveillance for esophageal 
eosinophilia. The performance of multiple EGD 
with biopsies is associated with both time and 

expense for patients. The accuracy of following 
only symptom rather than symptom and histo-
logic recurrence upon food reintroduction has not 
been determined. A noninvasive biomarker of 
disease activity would greatly improve the accep-
tance of the dietary therapy of EoE. Moreover, an 
allergy assay that accurately predicts causative 
food allergens would clearly be ideal. The long-
term effectiveness of dietary elimination and 
eventual ability to reintroduce identi fi ed food 
triggers are the subject of ongoing investigations. 

 Esophageal dilation was one of the  fi rst thera-
pies used for adult patients with EoE. Early 
reports of complications related to esophageal 
dilation in EoE included not only chest pain but 
also perforation generated trepidation amongst 
gastroenterologists. Of the 84 adult patients 
reported prior to 2008 who underwent dilation, 
5% experienced an esophageal perforation and 
7% were hospitalized for chest pain  [  124  ] . Further 
compounding this concern were early reports of 
esophageal tears and perforations from food 
impactions and diagnostic endoscopies, suggest-
ing susceptibility towards esophageal mural fra-
gility in EoE  [  125  ] . Such  fi ndings led to a 
consensus statement publication that recom-
mended that medical or dietary therapy for EoE 
is attempted prior to the performance of esopha-
geal dilation  [  65  ] . 

 Three recent retrospective studies from adult 
centers reported complication rates for sequelae 
of perforation or pain requiring hospitalization 
that were considerably lower than that of initial 
reports  [  126–  128  ] . Only three perforations were 
reported amongst 404 patients undergoing 839 
esophageal dilations. Incorporating the newer 
studies, the perforation rate for dilation is 0.8% 
and chest pain in 5%. Furthermore, the perfora-
tions were partial ruptures and many determined 
by extravasation of air and not contrast or gastric 
contents. Major bleeding de fi ned by need for 
endoscopic hemostasis or blood product transfu-
sion was reported in only one patient. None of 
the reported perforations required surgical inter-
vention. A very high degree of patients’ accep-
tance for primary therapy with esophageal 
dilation was reported in a post-dilation survey 
 [  128  ] . An important factor that may have 



68747 Eosinophilic Esophagitis

in fl uenced the higher complication rates in ear-
lier reports has to do with disease awareness. 
Many of the initial reports of esophageal perfo-
ration occurred in patients in whom EoE was not 
initially recognized and prior to publications 
describing the dangers of esophageal dilation. 
As such, the greater safety reported in the stud-
ies by more recent series may re fl ect the adop-
tion of a more conservative approach by 
gastroenterologists aware of the potential haz-
ards of dilation in EoE. 

 In spite of the greater safety margin reported 
in these recent studies of esophageal dilation, 
the role of dilation as a primary therapy of EoE 
is still controversial and should be individual-
ized until more data are available. Dilation can 
provide immediate and long-lasting relief of 
dysphagia in patients with high-grade esopha-
geal strictures. EoE in adults affects otherwise 
healthy, young to middle-aged patients who, if 
given the option, might prefer periodic dilation 
to chronic use of a medication or an elimination 
diet. On the other hand, monotherapy with 
 dilation does not improve the underlying 
in fl ammatory process responsible for stricture 
development. In the absence of high-grade 
esophageal stenosis, a trial of medical or dietary 
therapy prior to performance of esophageal dila-
tion is reasonable. 

 At this time, there is no prospective data to 
guide the decision for selecting the most appro-
priate initial therapy for patients with EoE. The 
available data supports the use of topical steroids, 
diet, or dilation as effective means of managing 
the dysphagia that dominates the clinical presen-
tation in adults. The only randomized, controlled 
trials performed to date establish the ef fi cacy of 
topical steroids but the ability of steroids to 
reverse esophageal structural alterations remains 
poorly de fi ned. A stepwise approach is suggested 
whereby patients are initially placed on a trial of 
PPI therapy. PPI unresponsive patients are offered 
therapy with either diet or steroids, with selected 
patients undergoing esophageal dilation. Patients 
who are unresponsive to initial therapy can be 
switched to an alternative therapy. The role for 
initial combination therapy, other than dilation 
with topical steroids, has not been evaluated.  

   Maintenance Therapy 

 Maintenance therapy is an important consider-
ation for EoE patients since the majority devel-
ops recurrent symptoms and histopathology upon 
cessation of therapy with either steroid or dietary 
elimination. As there is limited data to suggest 
that EoE is a progressive disorder that leads to 
increased esophageal stricturing over time, long-
term therapeutic strategies are currently individu-
alized. For patients with mild and intermittent 
dysphagia without signi fi cant strictures or food 
impaction, intermittent on-demand topical ste-
roids may be appropriate assuming that the 
patient is reliable and has clinical follow-up. For 
patients with severe dysphagia, repeated food 
impaction and high-grade esophageal strictures 
at presentation and who respond to initial  medical 
therapy, maintenance therapy seems reasonable. 
Lowering the dosage of topical steroids below 
that used to induce clinical remission is a consid-
eration but a recent study that attempted this 
strategy noted a signi fi cant reduction in treatment 
ef fi cacy  [  129  ] . Maintenance with nonsteroid 
medications such as antihistamines, immuno-
modulators, or leukotriene antagonists has been 
reported in very small retrospective case series. 
Finally, the prolonged relief of dysphagia reported 
after esophageal dilation needs to be considered 
given the inconvenience and potential side effects 
of long-term medical or dietary therapy.   

   Conclusion 

 Over the past 20 years, EoE, a chronic, immune-
mediated disease affecting esophageal structure 
and function, has emerged as a leading cause of 
dysphagia. It is histologically characterized by a 
dense mucosal eosinophilic in fi ltration with 
 fi brostenosis. The relationship between EoE and 
GERD is complex and poorly understood. Highly 
effective therapies include topical steroids, food 
allergen avoidance, and esophageal dilation as 
well as promising novel biologic therapies. 
Further research is needed on the pathogenesis, 
natural history, and targeted therapies for this 
important and growing entity.      
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  Abstract 

 Gastroesophageal re fl ux, when excessive, causes a variety of injuries to 
the esophagus and adjacent organs: only local injuries to esophagus 
( gastroesophageal re fl ux disease—GERD), and their consequences are 
dealt with here. Discussed is the de fi nition of GERD, diagnosis, epidemi-
ology, pathogensis, natural history, risk factors, management, complica-
tions, and how various facets of the disease give rise to disordered 
deglutition. In dealing with all aspects of GERD, a major emphasis is 
placed on prevention or reversal of severe disease, key to which is good 
medical management, not only by pharmacologic therapy, but also by pro-
viding the patient with education and insight into anatomical, functional, 
and lifestyle aspects of their disease, and how any speci fi c adverse risk 
factors in their particular case can be minimized or abolished. The roles of 
neuromuscular abnormalities, transient lower sphincter relaxations, 
hypotensive sphincters, and hiatus hernia, in exposing the esophagus to 
impaired clearance of a noxious re fl uxate, with consequent mucosal injury, 
are summarized. Beyond these, and potentially increasing tissue injury, 
are numerous additional risk factors, comorbid conditions, and adverse 
effects of a number of drugs commonly used in treating other illnesses. 
Existing drug therapies for GERD (antacids, histamine antagonists, proton 
pump inhibitors, sucralfate) are examined in detail, and emerging pharma-
cotherapies are brie fl y reviewed. Endoscopic and surgical therapies are 
examined elsewhere in this volume.  
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   Introduction    

 Gastroesophageal re fl ux (GER) is the effortless 
retrograde passage of gastric contents into the 
esophagus, a frequently occurring normal physi-
ologic process that occurs daily in everybody, 
generally without causing symptoms. However, 
under a variety of different circumstances 
described later, GER may become pathological 
and give rise to gastroesophageal re fl ux disease 
(GERD), causing chronic symptoms or varying 
degrees of injury to the various tissue compo-
nents of the esophagus and adjacent structures. 
GERD may manifest solely as symptoms, such as 
heartburn or regurgitation, or may be accompa-
nied by a variety of observable changes in the 
structure or function of the esophagus that may 
interfere with the organ’s normal physiologic 
task, the process of deglutition or swallowing. 
This process achieves the transfer of the ingested 
and masticated contents of the pharynx to the 
digestive and mixing reservoir of the stomach. 
Strictly speaking, GERD in many cases involves 
additional organs, because the re fl uxed gastric 
contents frequently contain substances re fl uxed 
from the duodenum, including pancreatic, biliary, 
and intestinal secretions. In like manner, GERD 
may extend beyond the esophagus causing injury 
to the larynx, lung, pharynx, and adjacent organs. 
However, this chapter mainly pertains to the ways 
in which GERD may interfere with deglutition. 

 For over a century, investigators have sought 
to understand the process of re fl ux, and various 
mechanisms have been postulated as the sole or 
main cause. In retrospect many of these postu-
lates have merit, but no single pathogenic mecha-
nism can be accepted as explaining GER in all 
cases. In the past 20 years, it has become appar-
ent that multiple pathogenic factors operate in 
many cases and that, even in an individual case, 
different factors may be dominant at  different 

times or stages of the disease. This chapter will 
try to cover the disease broadly, in the full real-
ization that the factors operating in the individual 
may be unique to that case. On the other hand, 
some causes of re fl ux and some failures of 
defenses against it are of much more general 
importance.  

   De fi nition 

 An operational de fi nition of GERD as “ a condi-
tion which develops when the re fl ux of stomach 
contents causes troublesome symptoms and/or 
complications ,” known as the “Montreal 
De fi nition,” has gained wide acceptance by inter-
ested parties, including the American 
Gastroenterological Association  [  1,   2  ] . However, 
despite its popularity, the de fi nition lacks any 
quantitative dimensions that help epidemiologists 
or research scholars to measure accurately the 
incidence, prevalence, or severity of the disease. 
The principal symptoms of GERD are heartburn 
and regurgitation, both of which may also occur 
in normal subjects, associated with overeating or 
other dietary indiscretions. Such occasional 
occurrence of symptoms does not rise to the level 
of a disease and should not be used to justify pre-
scribing powerful, expensive drugs, often used 
long term, when sensible adjustments to behavior 
or lifestyle could avoid the symptoms. Personally, 
I favor a clinical de fi nition, such as “ GERD is the 
occurrence of heartburn or regurgitation once or 
more daily, for at least 3 months .” Others might 
argue for a frequency of “ twice per week ,” or 
even “ weekly ” instead of “ daily ,” but most would 
agree that, in order to accept such patient com-
plaints as a disease, they should be chronic. A 
basic clinical de fi nition should be based on symp-
toms and not on complications that occur only in 
a minority of those with the disease. Findings at 

  Keywords 

 Gastroesophageal re fl ux disease (GERD)  •  Neuromuscular abnormalities  
•  Impaired esophageal clearance  •  Histamine H 2 -receptor antagonists 
(H 2 RAs)  •  Alginic acid/alginates  •  Rebound hypersecretion (RH)      
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endoscopy, on X-ray, pH-metry, biopsy, or other 
modality can be used to classify the disease or 
measure its severity, but are not needed for diag-
nosis in most cases. I accept that such a de fi nition 
underestimates the true prevalence of the disease, 
which in some cases may give rise to other less 
typical presenting symptoms, including epigas-
tric pain, pharyngeal burning, regurgitation of 
gastric contents, acidic or bitter taste in the mouth, 
atypical chest pain, dysphagia, or rarely 
odynophagia. Occasionally the disease may pres-
ent with extra-esophageal complications or with 
a condition such as anemia that on investigation 
proves due to esophageal disease, but such pre-
sentations are much less common. Any de fi nition 
of GERD is ultimately arbitrary, frustrating 
attempts to measure its impact or accurately 
assess the effects of therapy. However, there is 
danger that an overly liberal or loose de fi nition, 
such as the Montreal de fi nition may lead to 
excesses in drug therapy, diagnostic procedures, 
public anxiety, and hence costs of care, for a dis-
ease that in most cases can be readily controlled 
and has a good outcome.  

   Diagnosis 

 The essential requirement for diagnosis of GERD 
is the demonstration of gastric contents in the 
esophagus. This is usually achieved indirectly by 
recording intra-esophageal changes in pH showing 
the presence of acid, changes in bilirubin absor-
bance showing the presence of duodenal contents, 
or changes in electrical impedance showing the 
cephalad migration of liquid or gas from distal to 
more proximal esophagus. Endoscopy does not 
establish the presence or absence of re fl ux but, 
either by visually documenting esophagitis or its 
complications, or by obtaining mucosal biopsies 
for microscopy, endoscopy is important in estab-
lishing the severity of the disease. Because GERD 
is frequently associated with disorders of motility, 
this aspect of a patient’s symptoms is evaluated by 
manometric recording of intra-luminal pressures, 
with changes over time in various anatomical 
regions. These techniques are described in detail 
in Volume II.  

   Epidemiology 

 Over the past century, but especially in the past 
30 years, there has been major evolution in our 
understanding, recognition, classi fi cation, and 
management of GERD  [  3  ] . Earlier attempts to 
describe the epidemiology  [  4–  7  ]  suffered from 
the lack of an exact de fi nition of the condition, of 
a gold standard for its diagnosis, and from long-
standing confusion about the relationship between 
GERD and hiatus hernia. Early studies equated 
the prevalence of GERD with that of the cardinal 
symptoms heartburn and regurgitation, although 
these symptoms may be absent in 65% of patients 
with esophagitis and in most patients with 
Barrett’s esophagus (BE)  [  5  ] . With growing rec-
ognition of non-erosive esophagitis, it is now 
established that endoscopic appearances of the 
mucosa are normal in up to 75% of patients with 
GERD symptoms  [  8  ] . Heartburn, often but not 
necessarily associated with regurgitation, is very 
common, occurring in about 20% of the US pop-
ulation weekly, with regurgitation alone occur-
ring in about 2%  [  9  ] . The exact prevalence of 
chronic or sustained heartburn (as de fi ned earlier) 
has not been studied, but is probably about 
10–20% in western countries and 1–5% in Asia. 
Only a minority of patients with occasional 
symptoms has a serious chronic disease. However, 
among the 20% with at least weekly heartburn in 
the USA, 79% had nocturnal heartburn: among 
these 65% suffered both day and night, with the 
night time heartburn being rated as more trou-
bling in over half the subjects  [  10  ] . 

 In prevalence studies of whole populations, 
4–7% have daily symptoms and 2–3% esophagi-
tis  [  11  ] . In contrast, among selected patients 
referred for upper gastrointestinal endoscopy, 
about 20% have esophagitis, most of it mild. Two 
population-based studies from Scandinavia 
showed no signi fi cant effect of age on the  preva-
lence  of re fl ux esophagitis, but among patients 
with GERD, the  severity  of esophagitis and 
related complications increases with age  [  12–  14  ] , 
as do hospitalizations for esophagitis, esophageal 
ulcer, and esophageal stricture  [  15  ] . At the same 
time, due to diminished organ sensitivity, the 
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prevalence and severity of heartburn may decrease 
and mask the presence of severe esophagitis  [  13  ] . 
Aging is thus associated with more severe  patterns 
of acid re fl ux, esophagitis, and related conditions, 
but these are less reliably associated with typical 
symptoms: this leaves some uncertainty about 
prevalence in the elderly  [  14  ] . 

 In a large US study of the distribution of all 
forms of GERD, esophagitis, esophageal ulcer, 
stricture, hiatus hernia (HH), and pyrosis (heart-
burn) were found clustered in the same patient 
population, with older age, male sex, and white 
ethnicity being risk factors for the most severe 
types  [  16  ] . Heartburn, often milder and some-
times functional, was common in women. Data on 
the incidence of the disease are scarce and some-
what contradictory  [  6  ] , but incidence rates of new 
cases of esophagitis in northern European coun-
tries are between 4.5 and 120 cases per 100,000 of 
population per year  [  6,   11  ] : mortality attributable 
to GERD is negligible  [  7  ] . So many reservations 
surround interpretation of data on the prevalence 
and incidence of GERD, that while perhaps 10% 
of the population are signi fi cantly affected, all 
estimates are at best crude and changing. 

 All forms of GERD and its complications 
exhibit numerous temporal, geographic, and 
demographic variations. Prevalence is highest in 
developed countries but comparatively lower in 
developing countries in Africa and Asia, though 
rising rapidly in Japan. In the USA, all forms of 
GERD occur more in Caucasians than in African 
Americans or Native Americans. Worldwide, all 
variants and complications of the disease seem to 
be on the increase, including adenocarcinoma of 
the esophagus, which is now surpassing gastric 
cancer in Ireland and the UK. While this increase 
in GERD is incompletely understood, three risk 
factors at least are suggested as contributing to 
the time trends, namely eradication of 
 Helicobacter pylori  ( H. pylori ) infection  [  17  ] , 
dietary changes  [  18  ] , and obesity  [  19  ] . 

 The prevalence of  H. pylori  infection, and 
associated gastritis, is rapidly decreasing in many 
countries due to both improved socioeconomic 
conditions and to pharmacological eradication. 
 H. pylori -attributable gastritis, in some cases 
lowers acid secretion and diminishes gastric acid-
ity. Conversely, disappearance of infection 

increases gastric acidity and in many cases that of 
GE re fl uxate. Increased acidity stresses mucosal 
defenses, may increase the incidence of GERD, 
esophagitis, and rarely in other complications, 
including BE and adenocarcinoma  [  17  ] . The risks 
of these complications occurring may be higher 
in obese subjects and in those with hiatus hernia. 

 In major surveys in both the USA and Asia, 
certain dietary patterns are linked to the occur-
rence of re fl ux, GERD, and adenocarcinomas of 
both the esophagus and gastric cardia, with diets 
high in food derived from animals, particularly 
fats, associated with increasing the risks  [  18,   20  ] . 
Diets with foods derived from plants are associ-
ated with much lower risks. In addition to these 
qualitative differences in diet, quantitative 
increases in certain dietary components, particu-
larly fats and re fi ned sugars, are associated with 
increased caloric intake and, combined with 
diminishing physical activity, are leading to an 
epidemic of obesity, in all age groups, in many 
regions of the world. In individuals, becoming 
obese is accompanied by the development of 
GERD, the severity increasing with increasing 
body mass index (BMI)  [  20,   21  ] . The mecha-
nisms by which obesity affects re fl ux and clear-
ance are numerous, with adverse consequences 
exacerbated in the presence of hiatus hernia  [  22  ] . 
The impact of rising prevalence of obesity on all 
aspects of GERD is clearly discernible in popula-
tion studies from many areas of the world.  

   Pathogenesis 

 The etiology of re fl ux, either as a cause of GERD 
symptoms or of mucosal disease, is not fully 
understood, but broad outlines of the problem are 
known  [  23,   24  ] . Mucosal injury develops when 
the noxious effects of gastric re fl uxate (acidity, 
composition, and potency) persist in the esopha-
geal lumen for a time suf fi cient to overcome the 
defense mechanisms of the organ (luminal clear-
ance, pH restitution, and mucosal resistance). 
Most of what we know suggests that its causes 
arise from disordered neuromuscular function, 
primarily in the lower esophageal sphincter (LES) 
but also in the esophageal body. The possibility 
that the disease arises primarily as a defect in 
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esophageal mucosal resistance or motility in 
some cases cannot be disregarded  [  25  ] : a plausi-
ble but unproven hypothesis is that “a primary 
defect in LES function or tissue resistance is 
responsible for initiation of the disease, and that 
its chronicity and severity are determined by the 
type and number of coexistent or subsequently 
acquired (secondary) defects over time”  [  23  ] . For 
the most part, the disease is best thought of as 
multifactorial in etiology due to the interaction of 
a number of different factors, any one of which 
may be primarily important in an individual 
patient. These are shown in Fig.  48.1 . Many of 
these are exacerbated by sleep or recumbency.  

   Neuromuscular Abnormalities 

 Incompetence of the LES arises in three different 
ways, as a result of (a) hypotensive LES, (b) tran-
sient lower esophageal sphincter relaxations 
(TLESRs), and (c) anatomic abnormalities asso-
ciated with hiatus hernia  [  26  ] . About 20% of 
patients have LES incompetence due to decreased 
sphincter pressure (neuromuscular tone), to 
increased intra-abdominal pressure (often revers-
ible with pregnancy, obesity, or ascites), or to 

defective anatomy (LES < 2 cm long). However, 
most symptomatic patients have a normal LES 
pressure (LESP), but experience TLESRs. These 
are brief episodes of sphincter relaxation, unre-
lated to swallowing or peristalsis, but re fl exly 
evoked in response to postprandial or other gas-
tric distension, especially with fatty meals that 
release cholecystokinin. They are mediated by 
the vagus nerve and thought to facilitate belch-
ing, but eructation of gas may be accompanied by 
re fl ux of gastric contents. Although they also 
occur commonly in normal subjects, in GERD 
patients a higher percentage of TLESRs are 
accompanied by re fl ux. In addition to re fl ux 
resulting from the above causes, injury may be 
greatly exacerbated by another neuromuscular 
factor, impaired, ineffective, or absent peristalsis, 
resulting in delay in clearance of re fl uxate from 
esophagus, as described later.  

   Transient Lower Esophageal Sphincter 
Relaxations 

 While the LES may relax for up to 10 s to allow 
the passage of a food bolus, it is normally main-
tained closed in a state of tonic contraction, at a 

  Fig. 48.1    Protective mechanisms include production 
of bicarbonate and saliva, which neutralize re fl uxed 
acid, and esophageal clearance (caused by gravity and 

 peristalsis), which minimizes the contact time between 
acid and the esophageal mucosa following a re fl ux 
event  [  2  ]        
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pressure of 5–30 mmHg above intragastric pres-
sure. This is the main barrier to GE re fl ux. 
Competence of the sphincter is regulated by two 
components, the actual intrinsic sphincter in the 
muscle of the esophageal wall and an extrinsic 
sphincter formed by the crura of the diaphragm 
 [  27  ] . The normal regulation is complex, but the 
diaphragmatic component is of key importance. 
In normals, actions of both component are closely 
coordinated in space and time: overall sphincteric 
tone must adjust to inspiration (when intra-tho-
racic pressure becomes negative), body position, 
abdominal pressure, and gastric distension, and 
be actively relaxed to permit vomiting and 
swallowing. 

 TLESRs are brief episodes of relaxation that 
occur in response to gastric distension via stimu-
lation of vagal sensory and motor nerves. They 
occur in normal subjects and in those with GERD, 
last from 10 to 35 s, and may or may not result in 
re fl ux. They are strongly associated with re fl ux 
when it occurs. In both normal patients and those 
with GERD, the majority of re fl ux episodes occur 
during TLESRs: the frequency of re fl ux-
associated TLESRs is increased in those with 
GERD. They do not occur during sleep. 

 Whether or not the re fl ux occurring in the set-
ting of TLESRs results in GERD may depend 
primarily on the adequacy of the esophageal 
response, i.e., the adequacy of the secondary 
peristalsis needed to achieve rapid clearance of 
the noxious material from the esophagus. At 
endoscopy, TLESRs are more frequently associ-
ated with non-erosive esophageal disease 
(NERD), although microscopically dilated inter-
cellular spaces (DIS), the most sensitive morpho-
logical indicators of mucosal injury, are also 
visible in NERD, as they are in more severe 
esophagitis  [  28,   29  ] . TLESRs are less commonly 
seen in association with hiatus hernia or severe or 
complicated esophagitis, but the presence of HH 
increases the probability that a TLESR will lead 
to re fl ux. Although the contribution to GERD of 
delayed gastric emptying remains somewhat con-
troversial, it is believed that at least in many 
cases, accentuated postprandial fundal relaxation 
may provoke abnormal food retention, increase 
proximal gastric distension, and trigger an 

increase in the number of TLESRs and re fl ux 
 [  30  ] . TLESRs are considered the commonest 
cause of GERD, much of it occurring postprandi-
ally, in daytime, in the upright position, and often 
associated with mild-to-moderate disease or 
NERD, despite causing symptoms that may be 
dif fi cult to control.  

   Hypotensive LES 

 When LESP is low or absent (“patulous sphinc-
ter”), re fl ux into the esophagus occurs readily 
when gastric pressure is even slightly higher than 
intra-thoracic pressure, or there may even be 
“free re fl ux,” with contents moving up and down 
the esophagus with little provocation or in 
response to swallowing or any kind of abdominal 
straining. However, very low or absent LESPs 
may also be seen in the presence of a hiatus her-
nia (below). Esophageal mucosal injury is gener-
ally more severe in patients who have subnormal 
resting LESP, i.e., impaired intrinsic muscle con-
tractility. Studies in man have indicated a strong 
correlation between the prevalence of peristaltic 
dysfunction and the severity of esophagitis, but 
(using older manometric techniques) did not  fi nd 
a correlation between the occurrence of peristal-
tic dysfunction and hypotensive LESP  [  25  ] . This 
argues against the probability that the hypotonic 
sphincter pressures were the consequences of 
esophagitis, primarily due to impaired peristalsis 
as may occur in NERD. Experimental injury to 
the cat esophagus (in the absence of hiatus her-
nia) leads to a reduction in LESP, reversible on 
lesion healing. However, in man healing of 
esophagitis with omeprazole, in patients with low 
LESP, has very rarely restored esophageal motil-
ity to normal  [  31  ] . Thus, the cause of hypotonic 
sphincter remains unclear but it is associated with 
an increase risk of GER, especially when hiatus 
hernia is present.  

   Hiatus Hernia 

 Hiatus hernia (HH) refers to a group of disorders 
that result from disruption of the attachments to 
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the diaphragm of the lower end of the esophagus 
where it passes into the abdomen. This loss of 
anchorage of the organ allows varying amounts 
of the esophagus and stomach (and occasionally 
other organs) to herniate up into the chest, in 
many cases impairing LES function. There are 
two main types of hernia, the commonest “slid-
ing” variety accounting for 95% of cases, and the 
more rare “paraesophageal” hernias for the 
remainder  [  23–  27  ] . These anomalies, particularly 
the “sliding” type, are common, increase with 
age, and occur in about 50% of subjects in 
Western countries by age 50 years. They proba-
bly arise from lifelong wear and tear on the liga-
mentous attachments of the organ due to 
respiration, pregnancy, heavy lifting, defecation, 
and all causes of increased abdominal pressure. 
Also hypothesized is that repeated re fl ux of acid 
into the esophagus causes repeated contraction of 
the longitudinal muscle of the organ, pulling it 
into the chest, gradually losing its anchorage 
within the abdominal cavity. 

 Hiatus hernia, most commonly the “sliding” 
type, can increase re fl ux in several ways. These 
may include reducing LES competence, “trap-
ping” of contents above the diaphragm with occa-
sional retrograde propulsion, and impairing 
(delaying) clearance of re fl uxed material from 
the esophagus. The larger the hernia is, the wider 
the hiatus and the more likely the development of 
incompetence of the crural component of the 
sphincter. A critically important feature of HH is 
that it also leads to spatial separation of the intrin-
sic and extrinsic sphincters and impairment of the 
normal temporal coordination of their actions. 
With cephalad displacement due to HH, the LES 
also becomes deprived of the synchronized re-
enforcing contraction of the extrinsic crural 
sphincter, the main barrier against re fl ux. In this 
setting, minor increases in intra-abdominal pres-
sure easily overcome the diminished resistance of 
the LES to re fl ux. With inspiration and increased 
negative intra-thoracic pressure, contraction of 
the diaphragm may cause  fl uid trapped above the 
diaphragm to escape upwards into the esophagus, 
past a hypotonic intrinsic LES, and also over-
whelming ineffectual peristaltic waves that do 
not fully occlude the lumen. Re fl ux is greatest in 

the absence of gravitational drainage, in the 
supine position, and during sleep. In patients with 
HH, some episodes of re fl ux may be provoked by 
TLESRs but, with persistent poor LES tone, most 
episodes occur in their absence. 

 Most patients with a hiatus hernia do not have 
GERD, but most patients with severe erosive 
esophagitis have a hiatus hernia, especially if 
complications are present such as an esophageal 
stricture or Barrett’s esophagus. The reason for 
this is unclear  [  24  ] . 

 Increase in volume of re fl ux and mucosal con-
tact time leads to the development of severe 
esophagitis and its complications, esophageal 
ulcers, strictures, and Barrett’s esophagus (BE): 
these are almost invariably associated with HH 
and rarely occur in its absence. In a study of 644 
GERD patients subjected to endoscopy, followed 
by esophageal manometry and 24-h pH monitor-
ing, the single strongest predictor of severe ero-
sive esophagitis was the presence of a hiatus 
hernia  [  32  ] . Overall, it appears that the combina-
tion of HH and a hypotonic LES is associated 
with severe disease, independent of the occur-
rence of TLESRs.  

   Impaired Esophageal Clearance 

 If some physiologic re fl ux occurs in a normal 
subject, the content elicits a secondary peristaltic 
wave that returns >90% of the re fl uxate volume 
to the stomach, without reaching the subject’s 
awareness. If gastric contents are acidic, the sur-
face of the esophagus may temporarily remain at 
an acidic pH, even though the volume of acid 
remaining is small. “Restitution” of the pH to 
normal is achieved by a series of swallows of 
saliva, containing enough bicarbonate to buffer 
residual mucosa-adherent acid. If salivation is 
impaired by disease or effects of drugs, pH resti-
tution may be delayed, although esophageal 
glands can also secrete small amounts of neutral-
izing buffer. Thus, normal clearance involves 
adequate salivation, swallowing, peristalsis, and 
esophageal glandular secretion, and is helped by 
the upright position. Clearance is impaired by 
sleep, which abolishes salivation and peristalsis, 
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greatly delaying clearance  [  33  ] . These defense 
mechanisms are reactivated by adequate arousal, 
but exacerbated by sedative or hypnotic drugs. 
Various kinds of dysmotility contribute to 
impaired clearance, including the presence of 
weak (low amplitude) peristalsis, peristalsis that 
fails to propagate adequately, tertiary contrac-
tions that fail to propel contents, and occasionally 
segmental or diffuse esophageal contractions. 
The rate of occurrence of esophageal motility 
disorders is closely correlated with the prevalence 
of severe esophagitis  [  34  ] . 

 Diminished clearance is seen in about 50% of 
patients with severe GERD, especially in the pres-
ence of hiatus hernia which appears to be associ-
ated with the most severe delays. Delayed 
clearance prolongs exposure of the mucosa to 
topical injury and appears more important to the 
development of esophagitis than the frequency of 
episodes of re fl ux, often of small volume and 
short duration. But the temporal duration of the 
episode does not appear to be the sole factor deter-
mining the severity of GERD. Both the occur-
rence of extra-esophageal symptoms and the 
patient’s perception of re fl ux appear to depend on 
the proximal extent to which re fl uxate reaches up 
into the esophagus. This suggests the existence of 
spatial summation of the symptom stimulus, per-
haps accounting partly for the symptoms in NERD 
patients with normal acid exposure  [  35  ] .  

   Re fl uxate 

 Most injury to the mucosa results from direct or 
indirect action of acid, acting either alone or 
modifying effects of other components of the 
re fl uxate  [  36  ] . Although it is customary to talk of 
GER as if the re fl uxate is solely of gastric origin, 
studies using intra-esophageal combined pH and 
bilirubin absorbance monitoring have shown that 
acid re fl ux and duodeno-gastro-esophageal-re fl ux 
(DGER) occur simultaneously during most epi-
sodes  [  37  ] . Although acidity and peptic activity 
are of key importance, the re fl uxate also contains 
many other substances (derived from intestinal, 
biliary, and pancreatic secretions and products 
such as lysolecithin) whose individual effects on 

esophageal mucosa, and their pH dependence, 
are not well characterized. Tissue injury is accel-
erated by both pepsin and conjugated bile salts. 
A pH < 4.0 seems to characterize re fl uxate closely 
associated with causing GERD, as assessed by 
the occurrence either of symptoms or esophagi-
tis. The lower the pH of the re fl uxate, the higher 
the peptic activity, and the longer it takes for 
esophageal pH to return to normal, although the 
correlation between severity of symptoms and 
that of esophagitis is poor. At pH > 4.0 the enzyme 
pepsin is largely inactivated, greatly reducing 
re fl ux damage to the esophagus. While the dura-
tion of exposure of the mucosa at pH < 4.0 is a 
major predictor of GERD severity, in a minority 
of cases, particularly those treated with acid sup-
pressants, persistent symptoms such as regurgita-
tion or heartburn, presumably due to other 
components, also occur when re fl uxate pH is 
only weakly acidic or neutral  [  35,   38  ] . In various 
types of studies that monitor changes in luminal 
pH or impedance over 24-h, there is poor correla-
tion between such changes and the occurrence of 
symptoms: symptoms occur without recorded 
changes and recorded changes also occur without 
symptoms, implying that the factors responsible 
for symptoms have not been completely identi fi ed. 
At the present time the volume being re fl uxed is 
unmeasurable.  

   Tissue Resistance 

 In subjects with normal clearance, GER causes 
contact between re fl uxate and esophageal mucosa 
for 1–2 h/day. The epithelium of the normal 
esophagus resists injury from this exposure. 
However, compared to the rest of the GI tract, 
lined with well-defended columnar epithelium 
rich in tight junctions, the esophageal squamous 
epithelium lacks surface mucus-secreting cells 
and the mucus coat needed to create adequate pH 
or other chemical gradients between lumen and 
cell surface. The few human electron microscopic 
studies performed show a paucity of tight junc-
tions: intercellular spaces, bounded by desmo-
somes, mainly contain a glycoconjugate matrix 
substance that partly restricts diffusion of acid, 
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but also appears to be acid soluble. Solubilization 
of this matrix allows the formation of  fl uid- fi lled 
DIS that increase permeability and offer little 
resistance to entry of noxious molecules into 
deeper layers of the tissue  [  39  ] . There these sub-
stances elicit responses from sensory and motor 
neurons, giving rise to symptoms and dysmotility; 
from in fl ammatory cells giving rise to esophagi-
tis; from mesothelial/connective tissue cells, e.g., 
 fi broblasts, supporting healing and repair at the 
cost of variable degrees of scarring; and  fi nally 
from stem cells in the basal layers of the epithe-
lium, where they stimulate proliferation, metapla-
sia, dysplasia, and carcinogenesis. Tissue 
resistance is comparatively weak and, in the 
absence of adequate clearance, easily overcome, 
thus causing in fl ammation and complications.  

   Complications 

 The basic failure of the epithelium to resist pen-
etration by noxious molecules is manifested at 
 fi rst by the appearance of DIS in microscopic 
biopsies, followed in turn by increased prolifera-
tion of the basal epithelium, progressive increases 
in visible in fl ammation on microscopy and, 
 fi nally, in fl ammation visible at endoscopy in 
20–30% of cases. From initially nonspeci fi c fea-
tures, one or more small breaks in the mucosa 
may worsen progressively through more severe 
changes, as described in the Los Angeles 
classi fi cation  [  40  ] . The ultimate complications 
include focal and circumferential ulcers, “peptic” 
strictures, Barrett’s esophagus (BE) and, very 
rarely esophageal adenocarcinoma that, in about 
50% of cases, arises in the setting of BE. Less 
than 5% of GERD patients ever develop ulcers or 
strictures, even among those with erosive 
esophagitis. However, in one series, on measur-
ing 24-h pH among those with complications, the 
mean percentage time that pH was < 4.0 was 
26.2%, compared to 11.3% in those with 
esophagitis alone  [  41  ] . This was mainly attribut-
able to increased acid re fl ux in the nocturnal 
period (midnight to 8 a.m.), 35.6% in those with 
complications compared to 5.2% in those with-
out  [  41  ] . Related to this, the mean duration of 

nocturnal re fl ux periods (15.4 min) was 
signi fi cantly longer in those with complications 
than in those without (2.1 min,  p  < 0.001), sug-
gesting that impaired clearance was the main 
cause of complications. 

 There is no clear pattern of progression 
between successive grades of disease severity 
that predicts the development of complications. 
In most but not all patients, the most severe grade 
of disease they will develop appears to be diag-
nosed close to the onset of their disease  [  7  ] . 
Alternatively, without any antecedent history of 
esophagitis, the patient may present with iron 
de fi ciency anemia or with recurrent hemorrhage 
from an esophageal ulcer: a similar ulcer might 
be encountered in a patient presenting with 
odynophagia (painful swallowing). At endos-
copy, diffuse or patchy erosive esophagitis may 
be found around an ulcer, or the ulcers may pres-
ent acutely with bleeding or perforation. There is 
a strong association between ulcer and benign 
stricture  [  16  ] , strictures (believed to arise from 
circumferential ulcers) tending to occur at slightly 
later ages. The classical presentation of a stric-
ture is the development of progressive dysphagia 
but strictures may also be encountered by chance 
at endoscopy. However, the epidemiology of 
GERD is changing and other pathogenic factors 
may also impact on the development of compli-
cations, especially the use of aspirin and non-
steroidal anti-in fl ammatory drugs (NSAIDs).  

   Nonsteroidal Anti-In fl ammatory Drugs 

 Aspirin (ASA) and the majority of NSAIDs are 
weakly acidic compounds, which at normal 
esophageal pH (7.0) are ionized. Because of this, 
they have little tendency to diffuse across the 
lipid membrane of the cell and reach the subcel-
lular organs, e.g., lysosomes or mitochondria, 
where they can cause damage. However, in the 
presence of re fl ux (relatively common), with low 
intra-esophageal pH, drug ionization ceases and 
the compounds become highly lipid soluble. 
They can then readily enter epithelial cells, where 
they become ionized at the neutral pH, and are 
trapped inside the cells in high concentrations. 
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Hence, NSAIDs are believed to do little damage 
in the absence of re fl ux, but are quite injurious to 
the mucosa in its presence  [  42  ] . To what extent 
small amounts of re fl ux in patients with normal 
clearance cause injury is uncertain. NSAIDs are 
believed to injure cells by inhibiting the enzyme 
cyclooxygenase, thus impairing both cytoprotec-
tion and platelet function. The latter effect may 
cause bleeding from any preexisting GI lesion, 
e.g., an ulcer, but injury to the mucosa does not 
usually occur. In esophageal cells, arachadonic 
acid is primarily metabolized via the lipoxyge-
nase pathway, with very little involvement of 
either cyclooxygenase or prostaglandins in phys-
iologic functions. 

 In the in fl amed esophagus, prostaglandins, 
e.g., PGE 

2
 , derived from in fl ammatory cells are 

markedly elevated. These have pro-in fl ammatory 
effects, lower LESP, and in animal experiments 
increase the injurious effects of exogenous acid 
and pepsin, so that NSAIDs usually reduce 
in fl ammation. In large, case–control studies, both 
patients and controls on long-term NSAIDs have 
less heartburn, and show signi fi cantly reduced 
prevalence of esophagitis and esophageal cancer: 
it seems that systemic effects of NSAIDs are pro-
tective in most subjects. However, in the pres-
ence of more severe esophagitis, and in many 
comorbid conditions associated with long-term 
NSAID or ASA use, there is an associated high 
incidence of esophageal ulcers, ulcer bleeding, 
and strictures  [  43  ] . It therefore appears that with 
delayed transit, esophageal injury by ASA/
NSAID is mainly a local effect, i.e., an interac-
tion of both acid-peptic and topical effects that 
can result in either a focal “pill esophagitis” with 
scarring, or in more diffuse injury from mucosal 
exposure to aspirin or NSAID, undissociated at 
acid pH. Both drug and gastric juices contribute 
to the injury. All aspects of NSAID injury are 
greatly increased in those with hiatus hernia. 
Other factors that also increase the risks of ther-
apy include preexisting GERD, co-therapy with 
prednisone, drinking alcohol, certain types of 
drug formulation, body position (recumbency), 
comorbid disease, e.g., scleroderma, esophageal 
dysmotility, and old age.  

   Other Risk Factors 

 There are numerous factors which increase the 
risks of both GER and GERD. These can be sum-
marized under two main headings, i.e., factors 
that incite or exacerbate regurgitation and comor-
bid diseases known to be associated with GERD. 

   Factors That May Exacerbate Heartburn 
or Regurgitation 
 These are summarized in Table  48.1  and  [  7,   42,   44  ] . 
While all of the above agents have been reported 
by variable numbers of patients on occasion, 
none of them causes a problem all the time. 
Patients with a low LESP should be advised that 
they should where possible avoid exposure to 
anything that brings on or exacerbates their symp-
toms, including peppermint and chocolate. 
Except for long-term use of adrenergic agonists, 
theophylline, progesterone, and possibly anticho-
linergics, none of the medications that lower 
LESP are likely to play any signi fi cant role in 
pathogenesis of esophagitis or its complications, 
but may be relevant to symptom management. 
Progesterone is believed to be important in the 
heartburn of pregnancy and in symptoms due to 
hormone replacement therapy in women after 
menopause, a time when the severity of GERD 
symptoms usually diminishes.   

   Comorbid Conditions Clinically 
Associated with GERD 
 For a variety of reasons, numerous other diseases 
are associated with an increased prevalence of 
various types of GERD, either because of the 
nature of the disease or a consequence of its treat-
ment. These conditions are summarized in 
Table  48.2 . In general, management of associated 
GERD simply adds to the overall burden of 
patient care, but the conditions are not entirely 
independent. For example, optimal management 
of diabetes, obesity, or Zollinger–Ellison syn-
drome may lead to major improvement or remis-
sion in GERD symptoms, and adequate treatment 
of GERD may lead to the relief of laryngitis, 
hoarseness, or postsurgical morbidity. Weight 
loss is discussed under Lifestyle measures.     
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   Table 48.1    Factors reported as occasionally provoking heartburn or regurgitation*      

  Increased intra-abdominal pressure    Use of listed drugs that reduce the lower esophageal 
sphincter pressure  

 Bending over, wearing tight belts, corsets or garments, 
lifting heavy objects, straining or contraction of 
abdominal muscles, gastric distension by food or drink, 
by delayed gastric emptying or by increased gastric 
secretions, pregnancy, ascites, or gross obesity 

 Anticholinergic drugs including tricyclic antidepres-
sants, and some antihistamines, alpha-adrenergic 
antagonists, benzodiazepines, beta-adrenergic agonists, 
benzodiazepines, calcium channel blockers, nitrates, 
dopamine, theophylline, prostaglandins, lidocaine, 
narcotics, progesterone, and other related hormones 

  Ingestion of certain food    Miscellaneous  
 Onions, peppers, chiles, tomatoes, peppermint, chocolate, 
fatty meals, orange and other citrus juices, sodas and 
carbonated drinks, beer or ale (from gastric distension 
not alcohol effect), caffeine, caffeinated beverages, white 
wines. Some red wines may be protective 

 Business or vacation travel, week of long hours at 
work or work deadlines, stressful day (work, home, 
or family), anxiety and depression, recumbence   , 
lying down 

  *The large number of references from which these data are drawn is principally: Sonnenberg and El Serag  [  7  ] , McCarthy 
 [  42  ] , Olivera et al.  [  44  ]   

   Table 48.2    GERD-associated condition   

Mechanism
 Diabetes obesity  Delayed gastric emptying, various types, increased intra-abdominal 

pressure, and sleep apnea causing negative intra-thoracic pressure at night 
with re fl ux 

 Zollinger–Ellison syndrome  Re fl ux of highly acidic gastric contents 
 Mental retardation in childhood  Mechanism unknown,    possibly genetic factors 
 Coronary artery disease  Use of nitrates and calcium channel-blockers: selection bias for chest pain 
 Laryngitis, hoarseness  Irritation by re fl uxate from esophagus 
 Chronic obstructive pulmonary disease  Common factor (smoking) delays gastric emptying, weakens lower 

esophageal sphincter (LES), allows re fl ux 
 Duodenal ulcer  Endoscopy may cause detection bias 
 Hiatus hernia  Weakens LES, facilitates re fl ux 
 Systemic sclerosis, CRST variant  Weakens LES tone and peristalsis, causing failure of esophageal clearance 
 Sicca syndrome  Lack of saliva leads to impaired restoration of pH after GER 
 Rheumatoid arthritis  GERD exacerbated by NSAID use 
 Degenerative joint disease  GERD exacerbated by NSAID use 
 Pregnancy  Increased intra-abdominal pressure with LES weakened due to hormonal 

factors 
 Achalasia  Myotomy may damage sphincter as may dilation    
 Nissen fundoplication  Requiring postoperative dilation 
 Postsurgical states following esophageal, 
gastric, and obesity operations 

 Vagotomy and re fl ux of duodeno-gastric both followed by gastritis and 
esophagitis 

 Surgery or trauma requiring prolonged 
use of a nasogatric tube 

 Presence of NG tube facilitates prolonged presence of gastric contents 

  Most data modi fi ed from Sonnenberg and El Serag  [  7,   43  ]   

   Natural History 

 On this aspect of the disease, de fi nitive evidence 
is scarce. Although existing publications have 
been competently reviewed  [  18  ] , the studies are 
largely retrospective, observational, and not stan-
dardized enough for con fi dent conclusions to be 

drawn. Despite these limitations, the consensus is 
that in most cases GERD does not progress to dis-
ease much more serious than that described at 
endoscopy early in its course, although symptoms 
may change. From a review of published litera-
ture, from 0 to 30% of cases progress from NERD 
to mild esophagitis, and from 1 to 22% progress 
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from mild esophagitis to moderate or severe 
esophagitis  [  45  ] . In at least one-third of cases, the 
disease regresses or disappears: the majority of 
cases remain uncomplicated. Currently in prog-
ress, a prospective European study (PROGERD) 
of a cohort of 3,894 patients is planned to run for 
at least 5 years. A preliminary report of results 
obtained over a 2-year period supports the esti-
mates given earlier  [  46  ] . This careful prospective 
study indicated that Barrett’s esophagus appeared 
to develop de novo in 5.8% of those with LA 
grade C/D esophagitis, in 1.4% of those with LA 
Grade A/B, and in 0.5% of those with NERD 
 [  46  ] . Reports of transitions from NERD to ero-
sive disease, or of de novo development of BE, 
may be somewhat in fl ated by failure to note the 
presence of minor abnormalities at the  fi rst endos-
copy. Development of BE is rare unless present 
on initial assessment. 

 In an early retrospective study of 3,880 cases 
of erosive esophagitis studied over a 12-year 
period  [  47  ] , only 1.21% developed strictures; 
cases were on average 9 years older, frequently 
had HH, and 75% had at least one other possibly 
provocative factor (e.g., using NSAIDs). Some of 
the drugs in common use that can lead to esopha-
geal ulcer or stricture, or exacerbate existing 
lesions are given in Table  48.3 . In a study of dis-
charge diagnoses in a large database, esophageal 
stricture and esophageal ulcer were strongly asso-
ciated  [  15  ] . Esophagitis, esophageal ulcer, and 

esophageal stricture all showed age-related rise in 
hospitalization, especially stricture. This probably 
re fl ects increasing severity of disease with age 
although, as pointed out by the authors, it could 
re fl ect the impact of other factors associated with 
age, such as decreased salivation or peristalsis, or 
increased acid secretion. As in other studies, the 
later onset of these complications is thought to 
re fl ect the longer time it takes to progress to stric-
ture, but stricture occurs only in a small number 
(5–8%) of cases  [  16,   47  ] : recurrence is reduced by 
maintenance pharmacotherapy.  

 Esophagitis and its complications are all inter-
related. In a very large retrospective study of 
194,527 US veterans with various types of 
GERD, followed between 1981 and 1994, any 
type of GERD was ten times more likely to be 
found in a patient with another type of GERD 
than without  [  16  ] . Omitting symptomatic disease, 
the relationships found between the four major 
types of GERD are shown by permission in 
Fig.  48.2 . In addition, the authors later reported 
on 29,500 patients with erosive esophagitis but 
without ulcers or strictures, and followed them 
over a 4-year time period (range 1–12 years): not 
one of these patients subsequently developed an 
ulcer or a stricture. In striking contrast, among a 
comparison group of 5,100 esophagitis patients 
who had an ulcer of stricture on initial presenta-
tion, over 80% were repeatedly diagnosed with 
the same complications during follow-up  [  48  ] . 
Whether the risks of extra-esophageal complica-
tions increase with disease duration has not been 
investigated. Remaining uncertainties, about the 
natural history of GERD, as it effects infants, 
children, and adults, and particularly as it evolves 
in underdeveloped countries  [  49  ] , need ongoing 
well-designed prospective studies.   

   Impact of GERD on Deglutition 

 GERD is one of the most common causes of 
dif fi culty in swallowing, i.e., of the symptom of 
dysphagia. This symptom arises from a sensation 
that may or may not be accompanied by a de fi nable 
impairment of the swallowing process. Dysphagia 
should not be confused with odynophagia, painful 
swallowing. This usually arises from in fl ammation 

   Table 48.3    Drugs causing topical mucosal injury: may 
exacerbate mucosal injury in GERD patients   

 Alprenolol   , ascorbic acid, aspirin, analgesic 
combinations 
 Antibiotics: many reported but especially doxycycline, 
tetracycline, penicillins, lincomycin, clindamycin, 
tinidazole 
 Bisphosphonates: alendronate and risidronate 
 Captopril, cromolyn   , chloral hydrate, emempropium 
bromide, estramustin phosphate, ferrous sulfate and other 
iron salts, isoretinoin 
 Nonsteroidal anti-in fl ammatory drugs 
 Potassium chloride—nonliquid preparations, quinidine 
gluconate or sulfate, theophylline and derivatives, 
valproic acid, and over 70 less commonly used drugs 

  These drugs may also injure the esophageal mucosa in nor-
mal subjects, but are likely to cause more serious injury 
when their presence in the esophagus is prolonged by the 
presence of strictures or dysmotility due to GERD  [  42  ]   
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due to viral or fungal infections, pill injury or 
radiation, and is uncommon in GERD. In some 
cases, both symptoms may occur in the presence 
of esophageal ulceration, regardless of cause: 
ulceration can be a complication of GERD. 
Neither should dysphagia, dif fi culty in swallow-
ing, be confused with a “Globus” sensation, a per-
sistent non-painful feeling of having “a lump in 
the throat” unrelated to swallowing and in the 
absence of any radiologically demonstrable 
mechanical or anatomical abnormality.  

   Dysphagia in GERD 

 Dysphagia may occur in GERD through a variety 
of mechanisms. The symptom, a sensation, may 
arise from the presence of a stricture; from esoph-
ageal dysmotility of various kinds; from the 
presence of a ring or obstruction following 
surgical operations, e.g., fundoplication; or from 
esophageal hypersensitivity associated with 
in fl ammation. It may also rarely be associated 
with odynophagia. 

  Fig. 48.2    Comorbid associations between four forms of 
GORD, each  arrow  representing one association. The 
percentage describes the fraction of patients with one 
form of GORD (where the  arrow  starts) who also suffer 

from a second form (to which the  arrow points ). The  cir-
cular arrows  represent patients who have one form of 
GORD as their sole presentation. From H.B. El Serag and 
A. Sonnenberg. Gut 1997;41:594–9 with permission         
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   Stricture 

 The term is usually applied to a lesion that  narrows 
the lumen to a diameter that impedes the passage 
of swallowed material from the mouth to the 
stomach. In most cases the consequent dysphagia 
is progressive, initially present just for solids, but 
later for both solids and liquids, ultimately lead-
ing to weight loss. As a stricture narrows, heart-
burn and regurgitation usually diminish as re fl ux 
becomes restricted, but may still be presenting 
symptoms. Most strictures are benign: they vary 
in diameter, including some that cause total occlu-
sion of the lumen. In length they range from a few 
millimeters to many centimeters. They are usually 
accompanied by esophagitis in adjacent mucosa, 
and biopsies (indicated in all cases) usually reveal 
the presence of in fl ammation, edema, and submu-
cosal  fi brosis. However, the differential diagnosis 
at endoscopy, as to their cause, includes carci-
noma, rings, extrinsic masses, or muscular spasms, 
and anywhere in the esophagus biopsies of lesions 
may reveal the presence of Barrett’s esophagus. In 
those with GERD, strictures evolve slowly, may 
be associated with HH, and are commoner in the 
elderly. Once present, they may be exacerbated by 
use of medications that cause “Pill Esophagitis,” 
including NSAIDs and the medications listed in 
Table  48.3   [  42  ] . While most strictures respond to 
one or more dilations at endoscopy, over time they 
tend to recur. The rate of recurrence appears 
reduced by long-term therapy with proton pump 
inhibitors (PPIs)  [  50  ] . In a very large study of data 
from over a million cases in the UK general prac-
tice research database from 1994 to 2000, the 
incidence of esophageal stricture was 1.1 per 
10,000 patient years, rising markedly with age 
 [  51  ] ; the recurrence rate was 11.1 per 100 patient 
years but with long-term PPI use the Relative Risk 
fell to 0.6 (95% CI: 0.3, 1.1).  [  51  ] . Rarely stric-
tures are so severe as to require surgical resection 
or other complex operative procedures.  

   Esophageal (Schatzki) Rings 

 A Schatzki or “B ring” is classically a thin, 
 circumferential, diaphragm-like, mucosal ring 

usually located at the squamo-columnar junction, 
whose pathogenesis is controversial  [  52  ] . Viewed 
by Schatzki as a congenital diaphragm which, 
once dilated, never recurred, the location of mild 
strictures seen in GERD often appears to be iden-
tical, and one study showed similar rings in 62% 
of patients who had ingested medications known 
to cause “Pill Esophagitis.” Symptoms associated 
with these rings occur only intermittently, e.g., 
when swallowing a large piece of meat inade-
quately chewed: the rings or the dysphagia rarely 
progress. Dysphagia predictably occurs in patients 
with a luminal diameter of < 13 mm, but may vary 
with the size of bolus. The diagnosis may be 
con fi rmed radiographically by a Barium Swallow, 
employing barium tablets or barium-impregnated 
marshmallows of graded sizes. The ring is also 
visible at esophagoscopy. Patients usually do well 
after the  fi rst dilation with a 54–60 F dilator. 
However, if GERD symptoms are present and 
long-standing or previous dilation has been per-
formed, repeat dilations should be gradual and 
more cautious, as for in fl ammatory strictures that 
may suddenly rupture with excessive stretching.  

   Postoperative Strictures 

 Surgical procedures, e.g., Nissen or Toupet 
 fundoplication done to treat GERD, may cause a 
stricture if the wrap is too loose (re fl ux not abol-
ished). Other operations, e.g., Heller myotomy 
for Achalasia followed by severe re fl ux, esophagi-
tis and stricture, or the sequelae of photodynamic, 
radiofrequency ablation, or mucosal resection 
therapy of Barrett’s esophagus, may also require 
repeated dilation, the contributions of re fl ux to 
these being uncertain.  

   Dysmotility 

 GERD, but especially erosive esophagitis, may 
be associated with a number of motility disorders, 
all of which interfere with the normal peristalsis 
that is so important to esophageal clearance, a 
critical part of the organ’s defenses against re fl ux. 
Associated abnormalities include  diminished 
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amplitude and force of contraction, poor propa-
gation of the peristaltic wave, intermittent tertiary 
contractions, and other nonspeci fi c changes. The 
diagnosis of these is much more frequent when 
test swallows are performed with applesauce 
instead of water  [  53  ] . These disorders of motility 
may lead to dif fi culty in swallowing, the severity 
of which may in some cases be correlated with 
the severity of erosive esophagitis. In the absence 
of a stricture, dysphagia usually resolves with 
improvement in esophagitis. 

 More recently an entity “ineffective esopha-
geal motility” (IEM) has been de fi ned by the 
presence of distal esophageal contraction ampli-
tudes of < 30 mmHg or non-transmitted contrac-
tions, in >30% of wet swallows  [  54  ] . Hypotensive 
LES and erosive esophagitis are signi fi cantly 
more prevalent in IEM patients than in non-IEM 
patients, but the relationship of IEM to GERD 
remains uncertain. The prevalence of IEM is usu-
ally associated with abnormal acid exposure, 
regardless of the presence of defective LES, HH, 
or esophagitis  [  55  ] . Although IEM-associated 
re fl ux is mainly acidic, it has been seen in a 
minority of those with nonacidic re fl ux. Although 
IEM is the most frequently observed abnormality 
in GERD, it may be insuf fi cient as the sole deter-
minant of mucosal injury, and it remains uncer-
tain as to whether it is a primary cause of GERD 
or a consequence of the disorder. It has also been 
suggested that there are different manometric 
subtypes of the disease; patients in the subset fea-
turing a majority of low amplitude simultaneous 
contractions (LASC) experienced less heartburn 
(prevalence 26%), but more dysphagia (57%) 
than those in the subset featuring low amplitude 
propagated contractions (LAP: heartburn 70%, 
dysphagia, 24%) or in controls  [  56  ] . This may be 
particularly relevant to GERD patients with dys-
phagia but no luminal obstruction. Additional 
evidence that IEM may be a heterogeneous con-
dition comes from ultrasonic measurements of 
esophageal wall thickness in various esophageal 
diseases  [  57,   58  ] . While many questions remain, 
IEM may be an integral and even primary part of 
GERD, regardless of mucosal injury. Effects of 
speci fi c drug therapies have not been described.  

   Esophageal Hypersensitivity 

 While it has been customary to suggest that 
mucosal in fl ammation may cause increased 
patient awareness of the passage of a bolus, in 
the absence of luminal obstruction or disordered 
motility, this suggestion is not well supported by 
experimental data. The role of visceral hyper-
sensitivity as a cause of chest pain is a separate 
issue. Cases of dysphagia due to hypersensitiv-
ity have not been carefully studied for the pres-
ence of subtle indicators of the presence of 
disease, e.g., DIS, IEM, or ultrasonically 
detected changes in the muscular wall, etc., but 
lowered pain threshold in responses to disten-
sion, or altered compliance of the esophagus, 
have not been documented in patients with dys-
phagia. However, recent studies using combined 
manometry-impedance techniques, performed 
in healthy volunteers and GERD patients, with 
and without IEM, showed no association between 
perception by the subject and either luminal 
pressures or impedance in any group  [  59  ] . This 
disparity led to the suggestion that “increased 
bolus passage perception in patients without 
mechanical obstruction might be due to esopha-
geal hypersensitivity.” This remains an area of 
uncertainty.   

   Management of GERD 

   Selection of Therapy 

 Management of GERD consists primarily of 
rapidly relieving the main symptoms, heartburn, 
and effortless regurgitation. Nausea is uncom-
mon in GERD, though it may occasionally 
occur, especially in the mornings, in those with 
nocturnal re fl ux. Complaints of vomiting or 
retching, accompanied by contraction of the 
abdominal muscles, should raise suspicion of 
the presence of gastric or more distal disease, 
even if heartburn and regurgitation are also pres-
ent. Use of antiemetic or prokinetic drugs to 
treat undiagnosed dyspeptic symptoms should 
be avoided.   
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   Over-the-Counter Remedies 

 For those with occasional heartburn, patient self-
medication with over-the-counter (OTC) drugs is 
widespread. Chief among the remedies used are 
antacid preparations containing aluminum or 
magnesium hydroxides, calcium carbonate, “milk 
of magnesia,” or sodium bicarbonate—also sold 
as “bread soda,” “baking soda,” or “baking 
powder”—all of which can be used in modera-
tion when heartburn is infrequent. However, if 
these are used very frequently or in excessive 
doses over a long period, and especially if com-
bined with excessive intake of calcium carbonate, 
milk, or vitamin D, treatment can induce “milk-
alkali syndrome,” with metabolic alkalosis, kid-
ney stones, and other side effects. This outcome 
is now rarely encountered except in those who 
are also taking daily calcium salts for osteoporo-
sis or other bone diseases. Proprietary antacids, 
also containing aspirin, should be avoided. 
Antacids are a valuable adjunct for breakthrough 
symptoms that occur during acid-suppressive 
therapy with antihistaminic H 

2
 -receptor antago-

nists or PPIs; unlike the latter drugs, they do not 
inhibit activation of PPIs.  

   Lifestyle Modi fi cations 

 In previous sections, various risk factors that 
cause or exacerbate GERD have been identi fi ed. 
It appears axiomatic that avoidance of these 
should be part of any comprehensive strategy to 
treat GERD. Similarly, treatment of any comor-
bid condition associated with an increased preva-
lence or severity of GERD should be optimized. 
The quality of evidence available from studies on 
effects of changing lifestyle on GERD symptoms 
or esophagitis is confounded by comorbid ill-
nesses, medication use, or study design. Although 
an industry-sponsored symposium concluded 
that use of lifestyle measures was not justi fi ed in 
endoscopy-negative re fl ux disease or re fl ux 
esophagitis  [  60  ] , this opinion has been challenged 
by both experts and experienced practitioners 
 [  61  ] . What follows is a brief discussion of the 

roles of lifestyle factors, as presently prescribed 
by many physicians. 

  Certain Foods , including chocolate, alcohol 
(notably wines and beer), carbonated beverages, 
peppermint, onions, garlic, citrus and other fruit 
juices, tomato products, spicy foods, and rice 
cakes, have all been reported to cause re fl ux 
symptoms, accompanied by a variety of physio-
logical effects that may or may not relate to 
symptoms. However, evidence from prospective 
studies that avoidance of any of these actually 
reduces the symptoms or severity of disease is 
either weak or absent  [  62–  64  ] . 

  Other Measures , shown in numerous studies 
to reduce esophageal acid exposure, include: 
using blocks or wedges to elevate the head of the 
bed 8–10″, sleeping on the left side, decreasing 
fat intake, ceasing smoking, avoiding recum-
bency for 3 h postprandially, walking after meals, 
chewing gum, and avoiding weight lifting or 
other heavy exercise  [  62–  64  ] . For these also, evi-
dence of clinical bene fi t is weak. This is not to 
say that such alterations are ineffective: it has just 
been hard to study them as isolated variables. 
Widely prescribed by practitioners, they may 
account for much of the 30–40% placebo response 
rates of symptom relief seen in clinical trials. 
Among them, elevation of the head of the bed 
8–10″ is the most widely used: some patients 
with very severe nocturnal symptoms even resort 
to sleeping in recliners or cardiac chairs. 

  Obesity , in discussing the epidemiology of 
GERD, mention has been made of association of 
the rising prevalence of GERD with a worldwide 
epidemic of obesity, the prevalence rate of GERD 
being closely associated with BMI.  [  19  ] . Effects 
on symptoms have been harder to de fi ne, but 
there is growing evidence that weight reduction 
may be a major factor in the overall management 
of GERD, both in prevention and treatment. 
Various types of bariatric surgery have led to dis-
appearance of heartburn and regurgitation, but 
since the surgical operations generally reduce or 
abolish acid secretion, and also divert all duode-
nal contents away from the stomach, the ensuing 
symptom relief cannot be attributed solely to 
weight loss. In two studies, nonsurgical weight 
reduction has led to improvement in pH pro fi les, 
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LESP, and symptoms, especially regurgitation 
 [  65,   66  ] , but another study failed to show bene fi t 
 [  67  ] . A large prospective cohort study in women 
showed that a 40% reduction in the risk of GERD 
symptoms for a reduction in BMI of > 3.5 kg/m 2  
 [  21  ] . Most recently, in a careful prospective study 
of 213 obese patients (mean weight 100 kg), fol-
lowed in a formal weight loss regimen for 
12 months, the following changes occurred  [  68  ] . 
At 6 months there were signi fi cant reductions in 
mean weight, proportion of patients with GERD, 
and mean GERD scores compared to baseline. At 
the 12-month follow-up visit, changes were still 
present, but between 6 and 12 months there were 
increases in mean weight (86.1–89.3 kg), propor-
tion of patients with GERD (16–22%), and mean 
GERD score (0.72–1.34) (all  p  < 0.01). This is the 
 fi rst prospective study to show a clear temporal 
relationship between body weight and GERD 
symptoms  [  68  ] . Although these  fi ndings are 
promising, further large, prospective, random-
ized studies (controlled for comorbidity) are war-
ranted, before the bene fi t of weight loss alone is 
unequivocally established. Nonetheless, advising 
dietary (caloric) restriction is wise in most cases, 
since long-term therapy with PPIs may cause 
weight gain. At present, only weight reduction 
and elevation of the head of the bed are widely 
regarded as supported by reasonably strong evi-
dence of therapeutic gain. In general, lifestyle 
measures should be regarded as useful adjuncts 
to any drug therapy in GERD, but are likely to 
have their greatest impact (even cure) in those 
with mild-to-moderate disease.  

   Histamine H 
2
 -Receptor Antagonists 

 These include cimetidine, ranitidine, famotidine, 
and nizatidine. These can be used as nonprescrip-
tion or prescription compounds, on a treatment 
schedule or as needed, and either as single agents 
or combined with antacids. For occasional use, the 
combination is popular: the onset of relief from 
the antacid, which neutralizes existing acid, is fast, 
but the relief does not last long. Slower acting by 
comparison, histamine H 

2
 -receptor antagonists 

(H 
2
 RAs) have a much longer  duration of action 

and block secretion of additional acid. Treatment 
with H 

2
 RAs provides satisfactory control of symp-

toms in over 70% of cases, and is relatively inex-
pensive, especially when the cost of a doctor visit 
is avoided. For those with chronic symptoms who 
require scheduled regular use of drugs, twice daily 
use of ranitidine in appropriate dosage (150–
300 mg bid) is a popular choice, because in addi-
tion to inhibiting acid secretion, ranitidine inhibits 
cholinesterase, increases cholinergic tone, achiev-
ing an increase in LESP and a modest acceleration 
of gastric emptying  [  69  ] . This is a useful bene fi t in 
those in whom gastric emptying is somewhat 
delayed due to sustained hyperglycemia or to co-
therapy with opiates, calcium channel blockers, 
anticholinergics, and other drugs. A similar bene fi t 
attends the use of the more expensive but shorter 
acting nizatidine, but not cimetidine or famoti-
dine. Since H 

2
 RAs, unlike the PPIs, are much less 

affected by incorrect timing of administration, 
they are very useful in many patients unable to 
cope with a careful disciplined use of drug or 
many drugs. Furthermore, they can be adminis-
tered orally or through feeding tubes, in rapidly 
bioavailable, liquid forms and in a variety of chal-
lenging situations, thus avoiding the high costs of 
intravenous infusions. For the minority of patients 
with severe symptoms or severe erosive esophagi-
tis, esophageal ulcers, or strictures, H 

2
 RA are con-

siderably less effective than PPIs, especially in the 
length of time taken to bring symptoms under sat-
isfactory control and are generally not used. 
However, H 

2
 RA are well suited to most patients 

followed in primary care and are quite effective in 
over 50% of patients seen in subspecialty clinics, 
even in those poorly controlled on PPIs. 

 Administered intravenously, tolerance to 
HRAs, with associated tachyphylaxis, can 
develop rapidly, a point of importance in hospi-
talized patients with upper GI bleeding or hyper-
secretory disorders, but this tolerance has not 
been shown to be important clinically either in 
preventing stress-related mucosal disease or in 
long-term oral use in treating acid-peptic disor-
ders. In a 1-year maintenance trial comparing 
ranitidine 150 mg bid against pantoprazole 
20 mg qd, no tolerance to or lack of ef fi cacy of 
ranitidine was apparent  [  70  ] . H 

2
 RA use is rela-
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tively free from the rebound hypersecretion (RH) 
that follows PPI use and is therefore easier to dis-
continue, a point of importance in intermittent 
users. H 

2
 RAs are also more effective than PPIs in 

inhibiting nocturnal acid secretion, but when 
combined, tolerance to H 

2
 RAs may develop in 

some subjects, diminishing their effects: this 
issue is poorly studied. Most GERD is mild or 
moderate and tends to be overtreated, with 
insuf fi cient emphasis on ensuring the patient 
modi fi es their lifestyle.  

   Alginic Acid/Alginates 

 A popular consumer, OTC product called 
Gaviscon™ contains a naturally occurring sea-
weed compound (alginate) and two antacids. 
When exposed to gastric acid the ingredients react 
to form a “raft” or mobile layer of a light but 
highly viscous gel that  fl oats (because of trapped 
CO 

2
  bubbles) on top of any gastric contents. In the 

erect subject, this raft abolishes the postprandial 
“acid pocket” that  fl oats at the top of the gastric 
contents and physically prevents re fl ux of acidic 
gastric contents into the esophagus  [  71  ] . Available 
as tablet or liquid preparations, the latter are more 
popular because of rapidity of relief of symptoms. 
Gaviscon™ has not been shown to heal erosive 
esophagitis and is therefore unsuited to use as a 
sole agent in the treatment of severe disease. 
However, it is devoid of systemic effects, relieves 
symptoms, and is therefore a popular choice for 
use in pregnancy. It may also be helpful in patients 
with a patulous or hypotonic sphincter, a large 
hiatus hernia, or as an adjunct to PPI therapy 
when symptoms persist despite adequate dosage. 
It is popular in primary care or as an OTC drug.  

   Sucralfate 

 Sucralfate is a mucosal protective agent that binds 
to in fl amed tissue and various biologic molecules, 
e.g., as EGF, and some ingredients of gastric 
re fl uxate, e.g., pepsin, trypsin, or bile acids. It 
stimulates release of somatostatin from antral 
D-cells. Its mode of action is not precisely known 

and little studied, for which reason it is rarely 
used by gastroenterologists  [  72  ] . Depending on 
pH, it binds to many drugs, potentially inhibiting 
their absorption, and its effect on the bioavail-
ability of PPIs has not been established: con-
versely in the absence of acid (caused by the 
action of a PPI) sucralfate should be unionized 
and inactive. Despite these uncertainties, sucral-
fate as sole therapy may be an option in mild-to-
moderate disease and appears to be safe in 
pregnancy. There have been three non-placebo 
controlled trials in erosive esophagitis, in which 
sucralfate was rated equally good as alginate, 
cimetidine, and ranitidine, though estimates of 
ef fi cacy varied widely  [  73  ] . In similar studies 
which included a placebo arm, healing occurred 
in an average of 39% of cases, but 95% con fi dence 
intervals ranged from 3.6 to 74.8% and were not 
signi fi cantly different from placebo  [  73  ] . There is 
little evidence to support using sucralfate to treat 
GERD, and recent concerns that aluminum acts 
as a Th2 adjuvant, enhancing the risk of develop-
ing mucosal allergic disorders (possibly eosino-
philic esophagitis), may add to current reluctance 
to use the drug  [  74  ] .  

   H + /K + -Adenosine Triphosphatase 
Inhibitors (“Proton Pump Inhibitors”) 

 This is the class of drugs most widely used to 
treat GERD. In all major analyses and scholarly 
reviews, there is strong evidence that, in the acute 
treatment of GERD, PPIs are statistically 
signi fi cantly superior to H 

2
 -receptor antagonists 

(H 
2
 RAs), which in turn are signi fi cantly superior 

to placebo  [  75  ] . These two classes of drugs form 
the backbone of therapy: no other classes enjoy 
major prescription use or carry similarly strong 
evidence of ef fi cacy or safety. 

   Available PPIs 

 Five major PPIs, marketed in a total of 18 formu-
lations, enjoy FDA approval for use in  fi ve indi-
cated conditions. These data are summarized in 
Table  48.4   [  76  ] . Only two of these indications 
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concern us here, namely GERD (symptomatic 
relief) and erosive esophagitis (including compli-
cations). Several PPIs are available as OTC com-
pounds and enjoy wide use by consumers, at lower 
cost but without medical supervision. Happily, the 
drugs are generally safe, well tolerated, associated 
with only trivial incidences of minor side effects, 
except perhaps for small percentages of rare com-
plications in long-term users.   

   PPI Use 

 The principal orally used drugs are omeprazole, 
the s-isomer esomeprazole, lansoprazole, panto-
prazole, and rabeprazole. A more rapidly acting 
compound “Zegrid” combines non-enteric-
coated omeprazole powder with 1,680 mg of 
sodium bicarbonate (460 mg of sodium) but, 
while this does work rapidly, it delivers a large 
sodium load, a hazard in many common disease 
states. As ingested, all PPIs are acid-sensitive, 
inactive pro-drugs, released in the duodenum and 
carried by the bloodstream to the gastric mucosa 
 [  73  ] . There, during acid secretion, they are taken 
up by parietal cells, concentrated in secretory 
vesicles and canaliculi, and protonated by H + . 
Following this they bind to adenosine triphos-
phatase [Adenosine Triphosphatase (ATPase), 
the “proton pump”]. The sodium bicarbonate in 
Zegerid stimulates gastrin release and gastric 
emptying, accelerates both the bioavailability 
and the activation of omeprazole, and results in 
faster onset of action. All PPIs arrest acid secre-
tion only by actively secreting pumps, but do so 
regardless of the stimulus. For maximal ef fi cacy, 
PPIs should be taken 30–60 min before eating a 
meal that stimulates acid secretion (preferably 
containing protein), so that drug concentrations 
in plasma are high when pump activation by acid 
secretion begins. True pharmacologic refractori-
ness or resistance to PPIs is extremely rare.  

   Choice of Therapy 

 All PPIs were originally formulated for once-
daily use as a morning dose. However, as 
described earlier, for optimum responses, PPIs 

must be taken as instructed, and failure to do so is 
associated with poor symptom control. A morn-
ing dose works best in those with predominantly 
daytime symptoms. However, skipping or con-
suming a protein-free breakfast may render PPI 
therapy ineffective; improper timing of dose or 
poor patient comprehension of instructions also 
limit ef fi cacy. In the face of such dif fi culties, use 
of an H 

2
 -RA twice daily often proves more effec-

tive in patients with mild or moderate symptoms 
and is much less dependent on strict adherence to 
instructions. For many once-a-day users, taking 
their PPI dose before the evening meal is prefer-
able, especially if nocturnal symptoms, erosive 
esophagitis, or hiatus hernia is present: some 
such cases may require twice daily therapy. Prior 
or simultaneous exposure to drugs that inhibit 
acid secretion greatly impairs activation of any 
PPI pro-drug and should therefore be avoided. 
Interfering drugs include H 

2
 RAs, misoprostol, 

octreotide, anticholinergics, and cannabis. A bed-
time dose of an H 

2
 RA, given hours after the PPI, 

may not prevent activation of a morning dose of 
PPI, but large doses should be avoided: the prac-
tice is controversial. Supplementary small doses 
of antacid are both effective and preferable in 
relieving nocturnal breakthrough symptoms 
occurring during PPI therapy. Failure by physi-
cians to spend time educating the patient, on the 
need for careful timing and most effective use of 
the drugs as described, is a common reason for 
poor response to therapy.  

   Dose of Drug 

 The effects of PPIs are somewhat dose depen-
dent, although marketed (40 mg) doses of the 
newer drugs, e.g., pantoprazole, esomeprazole, 
and Zegrid™, have close to maximal ef fi cacy: 
there is no convincing evidence that doses 
>40 mg/day are accompanied by additional clini-
cal bene fi t. Among these speci fi c PPIs, 20 mg 
doses have lesser effects. The term “twice daily 
PPI” applies to standard doses of omeprazole 
(20 mg), rabeprazole (20 mg), and probably 
lansoprazole (30 mg), but not to the 40 mg doses 
of the newer drugs. Drug trials that compare 
ef fi cacies of unequal doses of different drugs are 
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scienti fi cally biased and should not guide therapy. 
In clinical trials, all of the drugs in standard doses 
heal erosive esophagitis in about 90% of cases 
but relieve symptoms in only ~75% of cases  [  73  ] . 
This failure of PPIs, to relieve symptoms as effec-
tively as they heal esophagitis, probably arises 
from including in symptom trials some patients 
who complain of heartburn in whom re fl ux has 
not been demonstrated. Esophagitis-free patients 
whose symptoms do not respond to PPI, probably 
have what is now de fi ned, under Rome III crite-
ria, as “functional heartburn” (FH), i.e., burning 
retrosternal discomfort or pain in the absence of 
any evidence of GER or motility disorder  [  77  ] . 
Patients with esophageal hypersensitivity to acid 
(positive Bernstein tests) are excluded from FH, 
but not those with functional bowel disorders or 
those with visceral hypersensitivity to mechani-
cal and other nonacidic stimuli in any organ. The 
apparent ef fi cacy of PPIs to control GERD is 
lower in a clinical practice setting, particularly in 
controlling symptoms. This is due not to failure 
of drugs to act. It is partly attributable to FH, but 
is also due to widespread failure by physicians to 
fully understand the actions of the drugs and to 
educate patients carefully about how to use them 
 [  78  ] . A physician’s  fi rst response to patient claims 
of poor effectiveness should be careful patient 
education and retrial of the normal dose. Only 
after the normal dose taken correctly fails, should 
a PPI dose be increased to b.i.d. The second dose 
is to be taken before the evening meal and not at 
bedtime. For patients whose symptoms are prin-
cipally nocturnal, taking 40 mg before the eve-
ning meal may be better than taking 20 mg bid. 
For those with prominent day time symptoms, 
taking 40 mg in the morning, before breakfast, 
may best achieve symptom control.  

   Patterns of Therapy 

 There are a number of approaches to acute or 
short-term treatment, consisting of “step-up” 
therapy, where PPI therapy is reserved for those 
not responding to full doses of H 

2
 RA taken bid, 

and “step-down” therapy, where initially PPIs are 
used but gradually replaced by H 

2
 RAs or antac-

ids, as symptoms are controlled. Step-down ther-
apy is more commonly employed initially for 
cases with severe symptoms or known severe or 
complicated esophagitis. Regardless of how treat-
ment is begun, gradual reduction to the lowest 
effective dose PPI, or better still H 

2
 RA, should be 

attempted in all cases, with the aim of stopping 
long-term use of drug whenever possible. For 
moderately severe disease, step-up and step-down 
therapies both work to about the same extent, 
equivalent to submaximal doses of HRAs  [  79  ] . 
The treatments control over two-thirds of patients, 
compared to a slightly higher number of similar 
cases treated successfully with “step-in” therapy 
when patients are treated with PPI throughout the 
period. How to end therapy is not well estab-
lished, because of a general failure by doctors to 
recognize and manage the problem of “rebound 
hypersecretion” that accompanies the use of PPIs 
 [  80,   81  ] , and lack of published, validated infor-
mation on how best to stop the drug.  

   Rebound Hypersecretion 

 Administration of a PPI, by maintaining suppres-
sion of acid secretion, over time leads to dose-
dependent elevation in serum gastrin, which in 
turn leads to hyperplasia of the parietal cell mass 
in the stomach. This increases acid secretory 
capacity. This Rebound Hypersecretion (RH) is 
not observable during PPI therapy, but is mani-
fested within a few days when the drug is stopped 
abruptly  [  78,   79  ] . Affected patients experience a 
temporary increase in both acid secretion and 
related symptoms for at least the  fi rst week off 
drug, during which time an increase in symptoms 
may be interpreted as a failed response to therapy. 
The drug may be then hastily restarted, when 
symptomatic therapy for a brief period might have 
suf fi ced, or when tapering the dose of PPI over a 
period of weeks or longer, instead of stopping it 
abruptly, might have avoided the problem. RH 
has also been observed following H 

2
 RA therapy 

but was milder and symptoms lasted only 2 days 
 [  82  ] . However, in studies of patients on PPIs for 
longer periods, the hypersecretion lasted at least 8 
but <26 weeks  [  83  ] . In 50–75% of patients, the 
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rebound effect is not recognized, and it may be 
diminished or absent in those with coexistent 
active gastritis due to  H. pylori  infection. On the 
other hand, normal volunteers given PPI therapy 
for a month develop de novo dyspeptic symptoms 
in 25–44% of cases when the drug is stopped  [  82  ] . 
Finally, PPI dependence and risk of RH appear to 
increase with duration of therapy, probably cor-
related with the progressive increase in parietal 
cell mass. The clinical importance of RH is cur-
rently uncertain, but likely to be of considerable 
importance, and demands prompt investigation.  

   Step-Down Therapy and Cessation 
of Therapy 

 There is no generally accepted way of stopping 
PPI therapy, and what little information exists 
comes largely from “step-down” studies. These 
studies show that patients with symptoms con-
trolled on twice daily PPI can sustain reducing 
their dose to once daily, in 80% of cases, without 
developing symptoms  [  84  ] . A separate study 
showed that a gradual step down from PPI ther-
apy, aiming to stop drug in those whose symptoms 
did not exacerbate, was successful in getting 58% 
of subjects off all PPIs, with about half the remain-
der off all drugs  [  85  ] . Since gastrin causes hista-
mine release, patients may develop some tolerance 
to histamine as a result of PPI-induced hypergas-
trinemia and temporarily lessening the ef fi cacy of 
H 

2
 RAs, so that it may be prudent to step down 

from PPI to a relatively high dose of H 
2
 RA (e.g., 

ranitidine 300 mg bid or famotidine 20 mg bid), 
later reducing this dose gradually. However, most 
patients with strictures will need a PPI inde fi nitely. 
Interest in funding trials that lessen drug con-
sumption is minimal, so how PPIs should be 
reduced or stopped remains poorly studied.  

   Chronic or Long-Term Management: 
Maintenance Therapy 

 For those who have chronic symptoms or more 
severe disease, inde fi nite maintenance therapy 
(MT) is indicated. PPIs are clearly more effective 

than H 
2
 RAs or placebo  [  86,   87  ] , but are not 

needed in all cases. The lowest dose of drug 
needed to control symptoms or maintain healing 
should be employed. Varying with how the initial 
therapy is terminated and the success of lifestyle 
modi fi cations during initial treatment, between 
30% and 80% of GERD patients in practice 
receive maintenance therapy. Maintenance ther-
apy is generally required for those with Barrett’s 
esophagus, severe esophagitis, or strictures. In a 
study in Denmark, 2.1% of all patients in primary 
care were receiving long-term PPI care, with 
valid indications for therapy identi fi ed in only 
27% of cases  [  88  ] . US  fi gures are hard to come 
by, because of large, nonprescription OTC sales of 
drug, but are believed to be considerably higher.  

   Occasional Problems 

 PPIs alone do not achieve rapid relief of symp-
toms and are not well suited to being used “as 
needed” (prn). For relief of mild or intermittent 
symptoms they are less effective than antacids or 
HRAs. For patients who get occasional periods 
of more severe symptoms, and particularly for 
those who cannot easily afford expensive treat-
ments, several other patterns of use have emerged. 
These include both “intermittent therapy (IT)” 
and “on-demand therapy (ODT)” which differ in 
key respects.  

   Intermittent Therapy 

 While often proposed this approach has been lit-
tle studied. The idea is that if symptoms recur, 
given their slow onset of action, PPIs should be 
used for a de fi ned period of time, before stop-
ping: periods of 3–28 days have been proposed 
but not established, largely because of greater 
popularity of “on demand” therapy  [  89  ] .  

   On-Demand Therapy 

 The basic concept of ODT is that the patient 
should decide when to start and when to end 
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 therapy, during an acute recurrence of symptoms. 
Having said this, formal  trials  of the effective-
ness of ODT introduce a number of other vari-
ables that do not systematically apply in ordinary 
use, such as: limiting the number of tablets to one 
per day; asking patients to continue for 24 h after 
the last symptom; allowing “rescue antacids” 
that, in ODT, have ef fi cacy not accounted for in 
trial comparisons; using numerous PPIs, or full 
or half the standard doses of a particular PPI, etc. 
A detailed review of the topic is beyond this brief 
summary but discussed elsewhere  [  89  ] . From 
various observations it is apparent that many 
patients choose and prefer ODT to continuous 
therapy. From over 20 trials with PPIs, the fol-
lowing conclusions are generally accepted. In 
ODT, the use of full or if preferred half doses of 
the originally effective dose of PPI may be 
con fi dently supported in managing (1) patients 
without erosive disease at endoscopy or (2) in 
empirically treating all those who have not had 
endoscopy, accepting that ODT will work fairly 
well, but not quite as well as continuous therapy 
with the same dose of the same PPI  [  90,   91  ] . 
Among the marketed PPIs, while all have enjoyed 
use in ODT, both pharmacokinetic properties and 
results of trials indicate that rabeprazole may be 
best suited to this use  [  92,   93  ] . Most ODT users 
are happy with this empowering, much less 
costly, and physician-independent approach, and 
elect to continue with it. In the speci fi ed types of 
patients, it enjoys greater patient acceptance than 
formal “step-up,” “step-down,” or continuous 
therapy: these kinds of patients account for 
upwards of 75% of all GERD patients seen in 
practice. ODT should not be attempted in those 
with severe erosive esophagitis (Los Angeles 
Grades C or D; Savary-Miller Grades 3 or 4) or in 
those with complications (ulcers, strictures, or 
Barrett’s esophagus). Using ODT in cases with 
mild erosive disease has yielded mixed results 
and remains controversial  [  91  ] . In most patients 
using PPIs long term, it is recommended that 
stepping down, tapering, or stopping therapy 
should be attempted regularly: success in cases 
without a veri fi ed indication for therapy is 
unknown. Patients, in whom medical therapy as 
described earlier fails, should be referred to 

 centers with special expertise in esophageal dis-
eases that offer a variety of endoscopic and surgi-
cal approaches to treatment, but this need is 
uncommon.   

   New and Emerging Therapies 

 Given the high prevalence of GERD and apparent 
limitations of currently available therapy, there is 
a considerable amount of ongoing research 
directed at developing new therapies for the dis-
ease. These can be divided into  fi ve different 
approaches, aimed at modifying different aspects 
of pathogenesis. They are (1) acid-suppressive 
agents, (2) prokinetics, (3) anti-re fl ux drugs, (4) 
visceral pain modulators, and (5) mucosal pro-
tectants, in approximately that order. 

   Acid-Suppressive Therapies 

 Beyond marketed PPIs, many new formulations 
of existing PPIs, and a number of novel PPIs, are 
in various stages of development, the main focus 
being on the development of compounds with 
longer durations of action, many with PPIs 
released in such ways as to maximize their inhib-
itory effects on nocturnal acid secretion  [  94  ] . The 
most promising of these, still undergoing trials, is 
tenatoprazole, a new chemical entity devoid of 
the benzimidazole ring found in all other PPIs, 
and possessing a half-life of almost 9 h, and the 
longest duration of action to date. However, acid 
released at night may not have been  fi rst secreted 
at night but rather may represent re-release from 
sleep-associated cholinergic drive, of acid that 
had returned to intracellular vesicles as previous 
secretion ceased. Hence, there may be an inher-
ent need for development of a compound drug, 
which combines a PPI with an acid neutralizing, 
or anticholinergic, or other type of pharmaco-
logic agent, whose target is not the proton pump. 
This search continues. A Zegrid-like drug with-
out excessive sodium would be attractive. Also 
under scrutiny are potassium-competitive acid 
blockers (P-cabs) that target the K + -binding 
region of the H + /K + -ATPase, acting rapidly from 
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within the lumen, and not requiring systemic 
absorption. P-cabs are excellent inhibitors of acid 
secretion, but early members of the class blocked 
potassium channels in other organs and have 
proved toxic: other P-cabs are under investiga-
tion. Finally, in the area of purely acid inhibiting 
drugs, a number of PPI–H 

2
 RA combination drugs 

are under examination, but this approach is tem-
pered by growing evidence that tachyphylaxis to 
the H 

2
 RA component may develop rapidly: 

 fi nding the correct doses to be combined, so as to 
inhibit nocturnal acid secretion despite develop-
ment of tolerance, yet not impair PPI activation is 
challenging. A variation on the straightforward 
PPI is the NO-PPI: here the idea is to combine a 
PPI with an NO-releasing donor that would add 
mucosal protection by a gradually released NO to 
the acid-suppressive effect of a PPI. Initial 
PPI-NO compounds modifying lansoprazole and 
rabeprazole are undergoing preliminary testing.  

   Prokinetics 

 This term includes drugs that possess one or more 
of the following actions: increasing esophageal 
peristalsis (aiding clearance and limiting the 
proximal extent of penetration by re fl uxate); rais-
ing LES tone (reducing re fl ux); and increasing 
gastric emptying and/or intestinal peristalsis 
(reducing both gastric volume and the load of 
noxious substances re fl uxed into the stomach). A 
drug that would stimulate all of these actions 
would be of great interest. However, bethanechol, 
metoclopramide, cisapride, domperidone, tegas-
erod, procalupride, renzapride, benzamide, and 
itopride, and macrolide molecules [erythromy-
cin, azithromycin, mitemcinal (GM-611), 
AB-229] have all been tested for clinical ef fi cacy, 
but none have proved useful in GERD  [  95  ] . The 
 fi rst three, at effective doses, risk unacceptably 
serious side effects, and the other drugs have 
shown only unpredictable ef fi cacy. However, the 
macrolide antibiotics, and more particularly the 
motilin agonists derived from them, have shown 
the greatest promise, and various new derivatives 
of these molecules are being actively studied 
 [  96  ] . The use of earlier motilin agonists was 

attended by rapid development of tachyphylaxis, 
limiting their use. At present, given the absence 
of any effective safe prokinetic on the market, 
this is an area of very active research. In all likeli-
hood, use of an effective prokinetic if available 
would be as an adjunct to PPI therapy, another 
“combination therapy.”  

   Anti-re fl ux Agents 

 Re fl ux mainly occurs during TLESRs, not only 
contributing to frequent heartburn in those with 
NERD, but also contributing to regurgitation of 
weakly acidic and nonacidic re fl uxate in those in 
whom acidity has been suppressed by PPI ther-
apy but who still have symptoms. As reviewed, 
TLESRs are re fl ex events mediated through cen-
tral connections of the vagus nerve that convey 
efferent inhibitory traf fi c to the LES. The GABA 

B
  

receptors mediating inhibition, and other recep-
tors on the same neurons, can all be inactivated 
by an assortment of molecules including various 
GABA receptor agonists, glutamate antagonists, 
metabotropic glutamate receptor agonists or 
antagonists, and cannabinoids  [  95  ] . Some GABA 

B
  

agonists also act at peripheral sites, the location 
of which is uncertain, achieving the same effects 
as they do when they act centrally. In addition, 
peripheral triggering of TLESRs can be inhibited 
by various cholecystokinin-A and nitric oxide 
synthase inhibitors. The search for a strong inhib-
itor of TLESRs, devoid of unwelcome central 
side effects, ranges over this whole group of 
 molecules involved in inhibiting signals to inhibi-
tory neurons. The  fi rst GABA agonist studied 
was baclofen, which dose dependently reduced 
esophageal acid exposure, nonacid exposure, and 
duodeno-gastric re fl ux and also improved GERD 
symptoms, both in NERD patients and in those 
with hiatus hernia. However, it has a short half-
life requiring administration t.i.d. and, at clini-
cally useful doses, causes too many CNS side 
effects. Arbaclofen, an isomeric R-baclofen pro-
drug, is better tolerated but not yet proven effec-
tive. Another of these compounds is lesogaberan, 
a peripherally restricted GABA agonist, superior 
to baclofen, thus far devoid of CNS side effects, 
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and is currently being assessed in relieving GERD 
symptoms in human trials. These drugs or related 
derivatives that inhibit LES relaxation might be 
used as sole treatments in patients with NERD. 
More likely, if approved they may be used as 
adjuncts to PPI therapy (“combination therapy”) 
in those whose symptoms are not controlled well 
by PPIs, despite reduction in acid secretion. They 
may also help those with hiatus hernias and 
severe erosive esophagitis, in whom TLESRs can 
be troublesome. Glutamate is the natural agonist 
involved in the vagal re fl ex that triggers TLESRs. 
Glutamate itself, and probably aspartate, bind to 
several metabotropic glutamate receptors 
(mGluRs) structurally related to GABA 

B
  recep-

tors. Antagonists to one of these, mGluR5, are 
potent inhibitors of TLESRs. Antagonists to 
mGluR5, together with cannabinoid CB1 ago-
nists that similarly inhibit TLESRs, are also being 
studied for ef fi cacy, side effect pro fi les, and pos-
sible toxicity. Like drugs of the baclofen family, 
mGluR5 antagonists and cannabinoids may also 
be candidates for “combined therapy.” This area 
is rapidly evolving and likely to change.  

   Visceral Pain Modulators 

 The precise contributions of visceral hypersensi-
tivity and related disorders to various types of chest 
pains, including those due to functional heartburn 
(Rome 111 criteria), NERD, and residual symp-
toms not relieved on PPI therapy, are not clearly 
known at this time, though under active investiga-
tion  [  93  ] . In the meantime, a variety of pain modu-
lators (in doses lower than those which alter mood) 
are being used, often empirically, in those with 
persistent symptoms. These drugs include: tricy-
clic antidepressants, trazodone, and selective sero-
tonin or noradrenaline re-uptake inhibitors (SSRIs, 
SNRIs), all of which have enjoyed limited success, 
especially in those without evidence of re fl ux on 
endoscopy, 24-h multichannel intra-luminal 
impedance-pH monitoring (MII-pH), or biopsy. 
Although these appear to be the drugs of choice for 
functional heartburn, in ordinary clinical practice 
no clear guidelines have emerged for choosing 
either the patient or the therapy.  

   Mucosal Protection 

 Unlike the columnar epithelial lining most of the 
GI tract and Barrett’s esophagus, the squamous 
columnar epithelium lining most of the esopha-
gus is relatively “leaky” and unable to withstand 
prolonged contact with acid. Remaining uncertain 
is how much improved mucosal protection against 
re fl ux will, on its own, contribute to managing 
GERD. Increases in lumenal bicarbonate, from 
increasing salivation or from increasing the out-
put of submucosal esophageal glands, are unlikely 
to control more than mild disease. Although the 
“mucosal protectant” drug sucralfate has been 
enjoying minor use for almost 30 years, its use, 
except perhaps in nonacid re fl ux, cannot be rec-
ommended. In the absence of prospective ran-
domized controlled clinical trials, and clari fi cation 
of how it works at near-neutral pH (during PPI 
therapy), mucosal protective therapy has no role.   

   Management of Dysphagia in GERD 

 In the  fi rst instance, all patients with GERD need 
standard medical therapy. However, it should now 
be apparent that relieving dysphagia in GERD 
 fi rst involves determining if a  fi xed luminal 
obstruction is present, such as a benign or malig-
nant stricture or a Schatzki ring. This can best be 
answered by a variety of types of barium-radio-
graphic techniques or by esophagoscopy. These 
investigations are generally complementary, the 
radiographic techniques providing information on 
the location, diameter, extent, and possibly patho-
logic nature of any anatomical abnormality. In 
addition, in many cases,  fl uoroscopy provides 
information on disturbances of motility or propul-
sion. Endoscopy, on the other hand, provides a 
much better appraisal of the mucosal surface, 
allows biopsy and pathological examinations of 
any suspicious lesions, and hence provides a 
de fi nitive diagnosis of infection or cancer if pres-
ent. Any nonmalignant causes of obstruction can 
be dealt with endoscopically, with gradual dilation 
of strictures using a variety of dilators or balloons, 
discussed elsewhere in more detail  [  97  ] . Following 
dilation of in fl ammatory strictures due to re fl ux, 
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the patient should be placed on long-term mainte-
nance therapy with a proton-pump inhibitor drug, 
with the maintenance dose being identical to the 
treatment dose. Some may be managed by opera-
tive dilation and surgical fundoplication  [  48  ] . In 
those with severe and long-standing strictures, in 
order to avoid problems of drug bioavailablity, 
administration of a PPI may necessitate the use of 
commercially available solutions or suspensions 
of the drugs (Table  48.4 )  [  76,   98  ] . However, home-
made suspensions using broken-up capsules of 
PPI should be avoided, as the acid-labile drug may 
not survive passage through the stomach. Patients 
should also be warned about the dangers of aspi-
rin, NSAIDs, and all the other drugs listed in 
Table  48.3 , and followed at regular intervals. The 
rate of recurrence of strictures is reduced by long-
term therapy with PPIs  [  50,   51  ]  or by surgical fun-
doplication  [  48  ] . Rarely, strictures are so severe as 
to require surgical resection or other complex 
operative procedures. 

 When there is no mechanical obstruction, the 
investigation of the dysphagia should include pH, 
manometric, and (where available) endoscopic 
ultrasonic studies of the esophageal wall, making 
every effort to understand the mechanics of the 
dysphagia in each particular case. Cases with no 
mechanical obstruction are generally approached 
by initiating good medical management of GERD 
by the measures described. Following effective 
acid-suppressive and anti-re fl ux therapy, most 
GERD-associated dysphagia resolves, but in some 
cases higher than routine doses of PPI may be 
required. In rare cases, placement of a feeding gas-
trostomy or jejunostomy may be indicated, when 
poor patient health, nutrition, and comorbid disease 
add excessive risk to other approaches to therapy. 

 Management of dysphagia in the patient with 
GERD presents a long-term challenge to effec-
tive care by an experienced physician, conversant 
with all aspects of the disease.      
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 Barrett’s esophagus is the condition in which a 
metaplastic columnar mucosa that predisposes to 
cancer development replaces the strati fi ed 

squamous mucosa that normally lines the distal 
esophagus  [  1  ] . Metaplasia is the process in which 
one adult cell type replaces another. The colum-
nar metaplasia of Barrett’s esophagus appears to 
be caused by chronic gastroesophageal re fl ux 
disease (GERD), which both damages the native 
esophageal squamous mucosa and provides an 
abnormal luminal environment that results in 
mucosal healing through columnar metaplasia 
rather than through the regeneration of more 

      Barrett’s Esophagus       

     Stuart   Jon   Spechler           

    S.  J.   Spechler ,  MD   (�)
     Division of Gastroenterology ,  Dallas VA 
Medical Center, Berta M. and Cecil O. Patterson 
Chair in Gastroenterology, UT Southwestern 
Medical Center at Dallas ,   Dallas ,  TX ,  USA       
e-mail:  sjspechler@aol.com   

  Abstract 

 Barrett’s esophagus is the condition in which a metaplastic columnar 
mucosa that predisposes to cancer development replaces the strati fi ed 
squamous mucosa that normally lines the distal esophagus. The condition 
develops as a complication of chronic gastroesophageal re fl ux disease 
(GERD), which is often severe in patients who have long segments of 
Barrett’s metaplasia extending up the esophagus. Barrett’s esophagus is a 
major risk factors for esophageal adenocarcinoma, a tumor whose fre-
quency has increased more than six-fold over the past several decades. 
Because of this cancer risk, patients with Barrett’s esophagus are advised 
to have regular endoscopic surveillance with esophageal biopsy sampling 
to detect dysplasia, the precursor of invasive adenocarcinoma. Until 
recently, patients with high-grade dysplasia in Barrett’s esophagus were 
treated with esophagectomy. Today, most patients with high-grade dyspla-
sia can be treated successfully with endoscopic eradication therapy. This 
chapter discusses the diagnosis, epidemiology, pathogenesis and manage-
ment of Barrett’s esophagus.  

  Keywords 

 Barrett’s esophagus  •  Dysplasia  •  Esophagectomy  •  Gastroesophageal 
re fl ux disease (GERD)  •  Predicting neoplastic progression         



724 S.J. Spechler

squamous cells. Patients with Barrett’s esopha-
gus frequently have symptomatic GERD, but 
Barrett’s metaplasia itself causes no symptoms. 
The condition has clinical importance primarily 
because it is a risk factor for esophageal adeno-
carcinoma, a tumor whose frequency has 
increased more than sixfold in the United States 
over the past several decades  [  2  ] . 

   Diagnosis 

 The diagnosis of Barrett’s esophagus requires an 
endoscopic examination with procurement of 
esophageal biopsy specimens  [  3  ] . The diagnosis 
is considered when the endoscopist recognizes 
that columnar epithelium lines the distal esopha-
gus. The diagnosis is established when biopsy 
specimens of that epithelium show columnar 
metaplasia. To recognize columnar epithelium 
lining the distal esophagus, the endoscopist  fi rst 
must identify the gastroesophageal junction 
(GEJ), the line at which the esophagus ends and 
the stomach begins. Non-endoscopists sometimes 
are surprised to learn that the GEJ cannot be 
localized with great precision. For endoscopic 
purposes, the level of the GEJ is usually de fi ned 
as the most proximal extent of the gastric folds 
when the esophagus and stomach are partially 
distended. Columnar epithelium has a reddish-
pink color and velvet-like texture that can be 
distinguished readily from the pale and glossy 
esophageal squamous epithelium (Fig.  49.1 ). If 
columnar epithelium extends above the most 
proximal extent of the gastric folds, then there is 
a columnar-lined segment of esophagus. If biopsy 
specimens of that columnar-lined esophagus 
reveal a metaplastic epithelium, then that patient 
has Barrett’s esophagus.  

 The histological  fi nding of an intestinal-type 
epithelium with goblet cells (which has been 
called intestinal metaplasia, specialized intestinal 
metaplasia or specialized columnar epithelium) 
has come to be considered virtually a  sine qua 
non  for the diagnosis of Barrett’s esophagus  [  4  ] . 
For the past 20 years, most published studies on 
Barrett’s esophagus have used intestinal metapla-
sia as a requisite diagnostic criterion. Recently, 

however, some authorities have argued that gas-
tric cardia-type epithelium, comprising mucus-
secreting cells without goblet cells, is also a 
metaplastic epithelium  [  5  ] . Cardia-type epithe-
lium can have intestinal-type histochemical fea-
tures, and can exhibit genetic and epigenetic 
abnormalities that might predispose to malig-
nancy. Therefore, some authorities contend that 
the  fi nding of cardia-type epithelium in the 
esophagus also should be considered Barrett’s 
esophagus  [  6  ] . Although this debate remains 
unresolved, a recent technical review published 
by the American Gastroenterological Association 
recommends that the term “Barrett’s esophagus” 
presently should be used only for patients who 
have intestinal metaplasia in the esophagus  [  7  ] . 

 Before 1994, Barrett’s esophagus was recog-
nized primarily in patients with severe GERD 
who had long segments of columnar epithelium 
extending well up the esophagus. In 1994, 
Spechler et al. reported that short segments of 
intestinal metaplasia could be found frequently in 
the distal esophagus of consecutive patients seen 
in a general endoscopy unit, many of whom had 
no endoscopic signs or symptoms of GERD  [  8  ] . 

  Fig. 49.1    Endoscopic photograph of long-segment 
Barrett’s esophagus. The  arrows  mark the proximal extent 
of the gastric folds, which is the location of the gastroe-
sophageal junction. Note that Barrett’s metaplasia extends 
well above the GEJ to line the distal esophagus. The  reddish-
pink color  and velvet-like texture of Barrett’s epithelium 
contrasts sharply with the pale and glossy appearance of 
the esophageal squamous epithelium       
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Since then, Barrett’s esophagus has been catego-
rized as long-segment (when the metaplastic 
epithelium extends at least 3 cm above the GEJ) 
or short-segment (when there is less than 3 cm of 
metaplastic epithelium lining the esophagus)  [  9  ] . 
More recently, the “Prague C and M criteria” 
were proposed as a system for describing Barrett’s 
esophagus endoscopically. The Prague system 
identi fi es both the circumferential extent (C) and 
the maximum extent (M) of Barrett’s metaplasia 
(Fig.  49.2 )  [  10  ] . The cancer risk in Barrett’s 
esophagus appears to vary directly with the 
extent of the metaplastic lining (i.e., the greater 
the extent of metaplasia, the greater the cancer 
risk), and GERD tends to be more severe in 
patients with long-segment Barrett’s esophagus. 
However, the clinical value of the proposed 
classi fi cation systems has not been established 
and, presently, patients with any extent of 
Barrett’s metaplasia are managed similarly.   

   Epidemiology 

 Although Barrett’s esophagus has been described 
in virtually all ethnic groups, the condition has a 
predilection for whites, and is uncommon in 

black and Asian populations  [  11  ] . Men are 
affected approximately twice as often as women. 
Barrett’s esophagus is rare in children younger 
than 10 years of age  [  12  ] , and the condition typi-
cally is discovered during endoscopic examina-
tions performed for GERD symptoms in patients 
in the sixth and later decades of life. Nevertheless, 
it is unclear precisely when the condition devel-
ops in most patients. Among adult patients who 
have endoscopic examinations because of GERD 
symptoms, long-segment Barrett’s esophagus can 
be found in approximately 3%, whereas 10–20% 
have short-segment Barrett’s esophagus  [  13  ] . 
In the general adult population of Western 
countries, the prevalence of Barrett’s esophagus 
(predominantly short-segment) appears to be 
between 1.6% and 6.8%  [  14,   15  ] . 

 Published estimates on the annual incidence 
of cancer in series of patients with long-segment 
Barrett’s esophagus have ranged from 0.2 to 
2.9%. In 2000, Shaheen reported that many of 
those reports suffered from publication bias that 
exaggerated the cancer risk  [  16  ] . Over the 
decade following that publication, it became 
widely accepted that the risk of cancer for the 
general population of patients with Barrett’s 
esophagus was approximately 0.5% per year 
 [  17  ] . Recent data suggest that even that estimate 
may be too high, however, especially for patients 
who have short-segment Barrett’s esophagus 
without dysplasia. For such patients, the annual 
cancer risk may be less than 0.3% per year  [  18  ] . 
Although the difference between an annual risk 
of 0.5% and 0.3% may seem trivial, it can have 
substantial impact on patient management rec-
ommendations  [  19  ] . 

 The epidemiology of esophageal adenocarci-
noma mirrors that of its precursor condition, 
Barrett’s esophagus. Esophageal adenocarcinoma 
affects white men predominantly and GERD is 
strongly associated with the tumor  [  11,   20  ] . 
However, up to 40% of patients with esophageal 
adenocarcinoma describe no antecedent history 
of GERD symptoms  [  20,   21  ] . Obesity, especially 
with central adiposity, predisposes to both 
Barrett’s esophagus and esophageal adenocarci-
noma  [  20,   22  ] . It has been suggested that the 
rising frequency of obesity in the United States 

  Fig. 49.2    Cartoon depicting the Prague C and M criteria. 
Note that a circumferential segment of Barrett’s meta-
plasia extends 2 cm above the gastroesophageal junction 
(GEJ), and that the maximal extent of metaplasia reaches 
a level 5 cm above the GEJ. This is denoted C2M5. 
From P. Sharma et al. Gastroenterology 2006;131:1392–9 
with permission         
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has contributed to the parallel rise in the  frequency 
of esophageal adenocarcinoma. Central adiposity 
may contribute to carcinogenesis in the esopha-
gus indirectly (by increasing intra-abdominal pres-
sure, which predisposes to GERD and its 
complications) or directly (by elevating serum 
levels of pro-proliferative hormones such as insu-
lin-like growth factor-1 and leptin, and by 
decreasing levels of anti-proliferative hormones 
such as adiponectin)  [  23  ] . 

 It has been suggested that the declining fre-
quency of gastric infection with  Helicobacter 
pylori  in Western populations might contribute 
to the rising frequency of esophageal adenocarci-
noma. This theory holds that  H. pylori , which 
had infected the large majority of the world’s 
population for millennia before the twentieth 
century (when the frequency of infection in 
developed countries began to decline) protected 
against GERD and its complications by causing a 
gastritis that decreased gastric acid production 
 [  24,   25  ] . Other factors proposed to protect against 
the development of esophageal adenocarcinoma 
include the use of aspirin and other nonsteroidal 
anti-in fl ammatory drugs (NSAIDs), and the con-
sumption of a diet high in fruits and vegetables 
 [  25  ] . Although cigarette smoking and alcohol 
consumption are strong risk factors for squa-
mous cell carcinoma of the esophagus, cigarette 
smoking only modestly increases the risk for 
esophageal adenocarcinoma and alcohol does not 
appear to affect it at all  [  25  ] .  

   Pathogenesis of Barrett’s Esophagus 

 GERD is strongly associated with Barrett’s 
esophagus, and it is widely accepted that GERD 
is a key factor in the pathogenesis of Barrett’s 
metaplasia. Patients with long-segment Barrett’s 
esophagus often have severe, symptomatic 
GERD with re fl ux esophagitis, weak lower 
esophageal sphincters and other physiological 
abnormalities associated with gastroesophageal 
re fl ux  [  26  ] . In contrast, patients with short-seg-
ment Barrett’s esophagus frequently have no 
symptoms or endoscopic signs of GERD  [  14  ] . 
Nevertheless, there are data to suggest that gas-

troesophageal re fl ux is responsible for the devel-
opment of both short- and long-segment Barrett’s 
esophagus. 

 At the GEJ after meals, a luminal pocket of 
acid accumulates that escapes the buffering 
effects of ingested food  [  27  ] . This postprandial 
acid pocket affects the most proximal stomach 
and can extend above the squamo-columnar junc-
tion (the Z-line) into the distal esophagus. In a 
study in which a pH electrode was fastened to the 
distal esophagus of healthy volunteers at a level 
5 mm above the Z-line, acid was detected in the 
region for more than 10% of a 24-h monitoring 
period  [  28  ] . Potential consequences of this pro-
tracted acid exposure at the GEJ include not only 
acid-peptic injury, but also exposure to high con-
centrations of nitric oxide (NO) generated from 
dietary nitrate (NO  

3
  −  ) in green, leafy vegetables. 

 Most ingested nitrate is absorbed by the small 
intestine and excreted unchanged in the urine, but 
approximately 25% is concentrated by the sali-
vary glands and secreted into the mouth where 
bacteria on the tongue reduce the recycled nitrate 
to nitrite (NO  

2
  −  ). When swallowed nitrite encoun-

ters acidic gastric juice, the nitrite is converted 
rapidly to nitric oxide (NO), a highly reactive and 
toxic molecule. After nitrate ingestion, high levels 
of NO can be found at the GEJ  [  29  ] . Thus, the 
GEJ is exposed repeatedly to NO, acid, and 
pepsin. Such exposures undoubtedly contribute 
to the in fl ammation and metaplasia frequently 
noted at the GEJ, even in otherwise apparently 
healthy individuals  [  30  ] . 

 The progenitor cells that give rise to Barrett’s 
metaplasia are not known. One popular hypothe-
sis holds that metaplasia results when GERD-
induced mucosal damage exposes multipotential 
stem cells in the basal layers of the squamous 
epithelium to gastric juice, which stimulates their 
abnormal differentiation into columnar cells. 
Genes that have been implicated in this metaplasia 
include Cdx genes, which normally mediate the 
differentiation of intestinal epithelial cells, and 
bone morphogenetic protein (BMP)-4, which 
also is involved in columnar cell differentiation 
 [  31  ] . Re fl ux esophagitis can upregulate the 
expression of these genes by the squamous 
epithelium, and exposure to acid and bile salts 
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has been shown to induce CDX2 mRNA and 
protein expression in esophageal squamous cell 
lines from patients with Barrett’s esophagus, but 
not from GERD patients without Barrett’s esoph-
agus  [  32  ] . 

 Other proposed candidates for Barrett’s pro-
genitor cells include stem cells in the ducts of the 
esophageal submucosal glands and circulating 
bone marrow stem cells  [  33  ] . Recently, it has 
been proposed that Barrett’s metaplasia develops, 
not from squamous stem cells, but rather from a 
population of embryonic, columnar-progenitor 
cells that persist at the GEJ  [  34  ] . According to 
this hypothesis, competitive interactions with 
esophageal squamous cells normally prevent 
the proliferation of the embryonic columnar-
progenitor cells. When GERD damages the 
squamous epithelium at the GEJ, the competitive 
restraints are removed, and the embryonic cells 
proliferate and give rise to Barrett’s metaplasia.  

   Biomarkers for Predicting Neoplastic 
Progression of Barrett’s Esophagus 

 To become malignant, cells must acquire the 
ability to provide their own growth signals, to 
avoid growth inhibitory signals, to resist apoptosis, 
to replicate inde fi nitely, to sustain angiogenesis, 
to invade adjacent structures, and to metastasize 
 [  35  ] . Metaplastic Barrett’s epithelial cells gain 
these abilities by acquiring a series of genetic and 
epigenetic alterations. Conceptually, it is useful 
to classify the many alterations that have been 
described in Barrett’s esophagus according to the 
major physiological cancer attributes that the 
alterations endow. For example, the expression of 
oncogenes (e.g., cyclin D1, K-ras), growth factors 
[e.g., transforming growth factor (TGF)-a], and 
growth factor receptors [e.g., epidermal growth 
factor receptor (EGFR)] all enable Barrett’s cells 
to provide their own growth signals  [  25  ] . The 
ability to avoid growth inhibitory signals can be 
acquired by inactivating tumor suppressor genes 
(e.g., p53 and p16) through the processes of 
mutation, loss of heterozygosity and gene pro-
moter methylation, and inactivation of p53 also 
enables cells to resist apoptosis  [  25  ] . Reactivation 

of the enzyme telomerase enables cells to synthe-
size telomeres needed for cell division and, 
thereby, to replicate without limit  [  25  ] . Angionesis 
can be sustained by the secretion of angiogenic 
factors such as vascular endothelial growth factor 
(VEGF)  [  25  ] . The abilities to invade and metasta-
size can be achieved through the disruption of 
cell adhesion proteins (e.g., cadherins and catenins) 
and through the secretion of enzymes that degrade 
the extracellular matrix such as matrix metallo-
proteases (MMPs)  [  25  ] . 

 During the process of acquiring the genetic 
alterations described above, Barrett’s epithelial 
cells typically develop abnormalities in DNA 
content due to gains and losses in different 
segments of chromosomes. This condition of 
abnormal DNA content is called aneuploidy, 
which can be detected by  fl ow cytometry and by 
 fl uorescence in situ hybridization (FISH). 
Aneuploidy has been proposed as a biomarker for 
neoplastic progression in Barrett’s esophagus, as 
have a number of the genetic alterations discussed 
in the preceding paragraph  [  36  ] . Although there 
has been much interest in developing useful, 
predictive biomarkers for Barrett’s esophagus, 
and some studies have had promising preliminary 
results, the clinical utility of these biomarkers 
remains unclear. In its recent medical position 
statement on the management of Barrett’s 
esophagus, the American Gastroenterological 
Association (AGA) recommends against the 
use of molecular biomarkers as a method of risk 
strati fi cation for patients with Barrett’s esopha-
gus at this time  [  37  ] .  

   Dysplasia in Barrett’s Esophagus 

 Before Barrett’s cancers develop, the genetic and 
epigenetic alterations that endow cells with the 
growth advantages described above may cause 
histological changes in the tissue that pathologists 
recognize as dysplasia. Those changes involve 
cytological and architectural abnormalities 
including nuclear alterations (e.g., enlargement, 
pleomorphism, hyperchromatism, strati fi cation, 
atypical mitoses), loss of cytoplasmic maturation, and 
crowding of tubules and villiform surfaces. These 
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histological abnormalities suggest that the tissue 
is neoplastic and, to emphasize this point, some 
pathologists prefer to use the term “intraepithelial 
neoplasia” rather than “dysplasia”  [  38  ] . 

 Dysplasia is categorized as low-grade or high-
grade depending on the degree of histological 
abnormalities. Tissue that is reacting to 
in fl ammatory injury can exhibit histological 
features virtually indistinguishable from low-
grade dysplasia, and interobserver agreement 
among pathologists for the diagnosis of low-
grade dysplasia may be less than 50%. For high-
grade dysplasia, interobserver agreement is 
approximately 85%, but there can be substantial 
disagreement in distinguishing high-grade dys-
plasia (in which neoplastic cells remain con fi ned 
within the basement membrane of the epithelial 
layer) from intramucosal carcinoma (in which 
neoplastic cells penetrate the basement membrane 
to involve the lamina propria)  [  39  ] . 

 Endoscopists traditionally have used a 4-quad-
rant biopsy sampling system (the “Seattle biopsy 
protocol”) to  fi nd dysplasia in Barrett’s esophagus 
 [  40  ] . This system was designed to optimize the 
identi fi cation of a lesion that was assumed to be 
randomly distributed and to cause no visible 
abnormalities. More recent data suggest that dys-
plasia frequently is associated with visible abnor-
malities (e.g., ulcerations, nodules, mucosal and 
vascular irregularities), although some of those 
abnormalities may be subtle and easily overlooked 
 [  41  ] . Nevertheless, biopsy sampling error remains 
a problem for any sampling system in Barrett’s 
esophagus, and it is clear that areas of dysplasia 
and even cancer can be missed by adherence to the 
Seattle biopsy protocol. In older series of patients 
who had esophagectomies because endoscopic 
biopsy sampling revealed high-grade dysplasia in 
Barrett’s esophagus, a number of studies found 
that invasive cancer was present in 30–40% of the 
resected specimens  [  42  ] . A recent, critical review 
of those reports suggests that 13% is a more accu-
rate estimate of the frequency of invasive cancer 
in this situation and, when a careful endoscopic 
examination excludes all visible lesions, the fre-
quency of  fi nding invasive cancer at esophagec-
tomy is only approximately 3%  [  43  ] . 

 The recent development of high-resolution 
white light endoscopy has improved the endo-
scopic recognition of dysplasia in Barrett’s 
esophagus. High-resolution endoscopes, which 
use a charge coupled device (CCD) comprising 
600,000–1,000,000 pixels, can be combined with 
magni fi cation devices to enlarge the video image 
up to 150-fold. When displayed on high-de fi nition 
televisions, these systems provide exquisite detail 
of the mucosal surface, and they are more sensi-
tive than conventional endoscopy for detecting 
dysplasia in Barrett’s esophagus  [  7  ] . Researchers 
have studied a number of alternative endoscopic 
techniques for recognizing dysplasia including 
chromoendoscopy, auto fl uorescence endoscopy, 
narrow band imaging, optical coherence tomogra-
phy, Raman detection methods, and confocal laser 
endomicroscopy  [  44  ] . Presently, it is not clear that 
any of these techniques add important clinical 
information beyond that which can be gleaned 
from a careful inspection of Barrett’s esophagus 
with high-resolution white light endoscopy. 

 One recent study suggests that patients who 
have non-neoplastic Barrett’s esophagus develop 
low-grade dysplasia at the rate of 4.3% per year, 
and high-grade dysplasia at the rate of 0.9% per 
year  [  45  ] . Relatively few studies have focused 
on the natural history of dysplasia in Barrett’s 
esophagus, and there are wide variations among 
reported estimates on cancer risk for patients 
with dysplasia. The incidence of cancer for 
patients with low-grade dysplasia is especially 
poorly de fi ned. Some studies have found a cancer 
risk no greater than that for the general popula-
tion of patients with Barrett’s esophagus, while 
others have observed cancer rates approaching 
those for patients with high-grade dysplasia  [  7  ] . 
For patients with high-grade dysplasia, the rate 
of cancer development appears to be approxi-
mately 6–8% per year  [  38  ] .  

   Management of Patients 
with Barrett’s Esophagus 

 There are three major aspects in the management 
of patients with Barrett’s esophagus: (1) Treatment 
of the associated GERD, (2) Endoscopic surveil-
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lance to detect dysplasia, and (3) Treatment of 
dysplasia. 

   Treatment of GERD in Barrett’s 
Esophagus 

 The general approach to the treatment of GERD 
for patients with Barrett’s esophagus is essen-
tially identical to that recommended for patients 
who have GERD without Barrett’s esophagus 
 [  46  ] . One possible exception is that some author-
ities recommend treatment with proton pump 
inhibitor (PPIs) inde fi nitely for patients with 
Barrett’s esophagus, irrespective of symptoms 
and signs of GERD. This recommendation is 
based on indirect evidence suggesting that acid 
re fl ux might promote carcinogenesis in Barrett’s 
metaplasia, and that aggressive control of acid 
re fl ux may prevent cancer development. For 
example, acid has been shown to cause poten-
tially carcinogenic DNA damage in Barrett’s 
metaplasia  [  47  ] , and patients with Barrett’s 
esophagus who take PPIs chronically have been 
found to have fewer proliferative markers in their 
metaplastic mucosa and less neoplastic progres-
sion than patients who do not take PPIs  [  48–  54  ] . 
Nevertheless, there are no high-quality, prospec-
tive clinical studies proving that PPI therapy 
prevents the neoplastic progression of Barrett’s 
esophagus. 

 For patients with long-segment Barrett’s esoph-
agus, PPI therapy often controls GERD symptoms 
without normalizing esophageal acid exposure. In 
one study of 48 such patients, for example, 50% 
had persistently abnormal acid re fl ux documented 
by esophageal pH monitoring during PPI therapy 
that had eliminated GERD symptoms  [  55  ] . In 
another study of patients with long-segment 
Barrett’s patients, treatment with high doses of 
esomeprazole resulted in appropriate levels of 
gastric acid suppression (i.e., similar to those seen 
in patients without Barrett’s esophagus who are 
treated with PPIs), but up to 23% of Barrett’ s 
patients still had abnormal esophageal acid expo-
sure  [  56  ] . The authors suggested that this response 
was evidence of the profound re fl ux diathesis of 
patients with long-segment Barrett’s esophagus. 

In those patients, PPIs reduce gastric acid secre-
tion appropriately, but the little acid that remains 
in the stomach still re fl uxes into the esophagus 
because of the strong propensity for re fl ux. 

 It has been proposed that anti-re fl ux surgery 
might be more effective than medical anti-secretory 
therapy for preventing cancer in Barrett’s esopha-
gus, and a number of small, uncontrolled studies 
had supported that contention. However, high-
quality studies on this issue (including a random-
ized trial of medical and surgical GERD therapies, 
studies using very large patient databases and 
metaanalyses) do not  fi nd that surgery is more 
effective than medical treatment for preventing 
cancer in Barrett’s esophagus  [  57–  61  ] .  

   Endoscopic Surveillance for Dysplasia 

 It has been a common clinical practice to per-
form regular endoscopic surveillance for patients 
with Barrett’s esophagus, but the value of this 
practice has been questioned by authorities 
whose arguments can be summarized as follows 
 [  62  ] : (1) Surveillance endoscopy is expensive, 
(2) Surveillance endoscopy has medical risks as 
well as potential adverse emotional and  fi nancial 
consequences, (3) The risk of cancer for the 
general population of patients with Barrett’s 
esophagus is small (0.3% to 0.5% per year) and, 
therefore, most patients will not bene fi t from 
surveillance, and (4) There is no proof that 
endoscopic surveillance prolongs survival. 
Counterarguments posed by proponents of 
surveillance include  [  62  ] : (1) It is reasonable to 
assume that the early endoscopic identi fi cation 
of curable neoplasia in Barrett’s esophagus will 
prevent deaths from esophageal adenocarci-
noma, (2) Most observational studies on this 
issue suggest that surveillance is bene fi cial, 
(3) Computer models suggest that surveillance 
can be bene fi cial, (4) No study has shown an 
overall survival disadvantage for patients in 
surveillance programs, and (5) No proof for the 
ef fi cacy of surveillance in the form of a random-
ized controlled trial is likely to become available 
in the near future. Although the utility of endo-
scopic surveillance is likely to remain a conten-
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tious issue for some time to come, a recent 
medical position statement published by the 
AGA endorses this practice for patients with 
Barrett’s esophagus  [  37  ] .  

   Treatment of Dysplasia in Barrett’s 
Esophagus 

 Management options that have been proposed for 
patients with dysplasia in Barrett’s esophagus 
include: (1) Intensive endoscopic surveillance, 
(2) Esophagectomy, and (3) Endoscopic eradica-
tion therapy. 

   Intensive Endoscopic Surveillance 
 For intensive endoscopic surveillance, endos-
copy with biopsy is performed at intervals of 
3–6 months, and invasive treatments are withheld 
until biopsy specimens show adenocarcinoma 
 [  63  ] . In the era before endoscopic eradication 
therapy, when esophagectomy was the only other 
treatment option for patients with high-grade 
dysplasia, intensive surveillance had been 
endorsed as a reasonable management strategy. 
With the present availability of safe and effective 
endoscopic eradication therapy (see below), there 
seems to be little place for intensive endoscopic 
surveillance in the modern management of dys-
plasia in Barrett’s esophagus. Indeed, the AGA 
now speci fi cally recommends endoscopic eradi-
cation therapy  rather than  intensive surveillance 
for patients with high-grade dysplasia  [  37  ] . 
Intensive surveillance might still be considered a 
management option for patients who are too old 
or in fi rm to undergo endoscopic eradication 
therapy, but the wisdom of performing endo-
scopic surveillance at all for such patients can be 
questioned.  

   Esophagectomy 
 Esophagectomy can be considered the most 
de fi nitive, but also the most hazardous treatment 
for dysplasia in Barrett’s esophagus. After open 
esophagectomy, 30–50% of patients develop seri-
ous postoperative complications (e.g., pneumo-
nia, myocardial infarction, wound infection), and 
the average hospital stay is approximately 2 

weeks  [  64  ] . Surgical mortality rates exceeding 
20% have been described in some series, and 
esophagectomy can cause substantial long-term 
morbidity. Indeed, the perception that esophagec-
tomy has unacceptable rates of morbidity and 
mortality has been the driving force behind the 
intense recent interest in endoscopic therapies for 
dysplasia. 

 Recent reports suggest that the risks of 
esophagectomy have been exaggerated for 
patients with dysplasia in Barrett’s esophagus 
 [  7  ] . Estimates of morbidity and mortality for 
esophagectomy often have been based on series 
of elderly and debilitated patients who had the 
operation for the treatment of esophageal cancer. 
Morbidity and mortality rates for esophagectomy 
performed in younger and otherwise healthy 
patients with dysplasia (not cancer) in Barrett’s 
esophagus are substantially lower, especially 
when the surgery is performed by experienced 
surgeons in high-volume centers. In addition, a 
number of reports suggest that, after the initial 
recovery period from esophagectomy, most 
patients have a very acceptable long-term quality 
of life  [  65  ] . Esophagectomy for high-grade 
dysplasia removes all of Barrett’s esophagus at 
risk for malignancy, provides a specimen that can 
be examined for evidence of invasion, and obvi-
ates the concern that local lymph nodes might 
contain metastases. Thus, esophagectomy still 
warrants serious consideration for young and 
otherwise  fi t patients who have high-grade dys-
plasia in Barrett’s esophagus.  

   Endoscopic Eradication Therapy 
 Endoscopic eradication therapy uses one or a com-
bination of two types of endoscopic treatments to 
eliminate Barrett’s metaplasia  [  7  ] : (1) Endoscopic 
mucosal resection (EMR), in which a diathermic 
snare or endoscopic knife is used to remove a seg-
ment of Barrett’s mucosa and submucosa, and 
(2) Endoscopic ablation, which uses thermal or 
photochemical energy to ablate Barrett’s epithe-
lium. After any of these endoscopic treatments, 
patients are treated with PPIs so that the eradicated 
mucosa heals with the growth of normal esopha-
geal squamous epithelium rather than with the 
regeneration of more Barrett’s epithelium. 
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 EMR provides large tissue specimens that can 
be examined to determine the character and extent 
of the mucosal abnormality and, for neoplastic 
lesions, the depth of involvement and the ade-
quacy of resection. Thus, EMR can be considered 
a diagnostic/staging procedure as well as an 
 eradication therapy. In contrast, the endoscopic 
ablative therapies destroy metaplastic esophageal 
mucosa, but do not provide a pathology specimen 
by which to judge the depth of neoplastic invasion 
and the completeness of the ablation. Thus, endo-
scopic ablation is solely an eradication therapy. 

 When considering endoscopic eradication 
therapy for neoplasia in Barrett’s esophagus, it is 
important to consider the issue of lymph node 
metastases. Endoscopic therapies, which remove 
mucosa primarily, are unlikely to result in cures 
for patients with lymph node metastases. Lymph 
node metastases are found in more than 20% of 
tumors that involve the submucosa and, therefore, 
endoscopic therapies are generally considered 
inappropriate for patients with such tumors  [  66  ] . 

 Unlike the colon, the esophagus regularly 
contains lymphatic vessels that extend into the 
mucosa  [  66  ] . This suggests that esophageal neo-
plasms might not have to penetrate into the sub-
mucosa in order to metastasize to lymph nodes. 
Table  49.1  shows the results of 12 reports on the 
frequency of local lymph node metastases in 
esophagectomy specimens from patients who 

had high-grade dysplasia or intramucosal carci-
noma in Barrett’s esophagus  [  68–  79  ] . Those 
series comprise a total of 544 patients, 10 of 
whom had positive lymph nodes, representing a 
frequency of lymph node involvement of 1.8%. 
These data show that lymph node metastases can 
occur, but infrequently, in patients with neoplasia 
that appears to be con fi ned to the mucosa.  

 Accurate T staging is crucial to determine if 
curative endoscopic therapy is feasible. For 
patients with high-grade dysplasia and intramu-
cosal carcinoma, whose risk of lymph node 
involvement appears to be less than 2%, curative 
endoscopic therapy is feasible. If there is submu-
cosal invasion, then the risk of lymph node 
involvement is at least 20%, and most physicians 
would consider this a contraindication to endo-
scopic therapy. Presently, EMR is the most accu-
rate preoperative procedure available for T 
staging early cancers in Barrett’s esophagus. For 
example, Larghi et al. studied 15 patients with 
early cancers in Barrett’s esophagus, and preop-
erative endoscopic ultrasonography (EUS) had 
identi fi ed the tumors as T1a lesions, which are 
con fi ned to the mucosa  [  79  ] . The visible tumors 
were removed by EMR, and the EMR specimen 
showed that EUS was correct in nine cases (60%). 
In the other six cases (40%), the EMR specimens 
showed tumors invading the submucosa. Other 
studies have documented an excellent correlation 

   Table 49.1    Results of studies on the frequency of lymph node metastases in esophagectomy 
specimens from patients with high-grade dysplasia or intramucosal carcinoma in Barrett’s esophagus   

 Author (Ref)  Year  # of Cases  # with + Nodes  % with + Nodes 

 Van Sandick  [  67  ]   2000  12  0    0% 
 Hagen  [  68  ]   2001  16  1  6.3% 
 Rice  [  69  ]   2001  53  2  3.7% 
 Buskens  [  70  ]   2004  35  0    0% 
 Stein  [  71  ]   2005  70  0    0% 
 Liu  [  72  ]   2005  53  2  3.7% 
 Westerterp  [  73  ]   2005  54  1  1.9% 
 Bollschweiler  [  74  ]   2006  14  0    0% 
 Oh  [  75  ]   2006  23  1  4.3% 
 Peyre  [  76  ]   2007  109  0    0% 
 Altorki  [  77  ]   2008  30  2  6.7% 
 Leers  [  78  ]   2011   75    1    1.3%  

  Total   544  10  1.8% 
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between T staging by EMR and T staging by 
esophagectomy. Therefore, EMR today is used as 
both a staging procedure and a therapeutic proce-
dure. If the EMR specimen shows submucosal 
invasion, then endoscopic treatment generally is 
not considered appropriate  [  80  ] .   

   Endoscopic Mucosal Resection 

 EMR is performed using a “suck and cut” method 
in which the endoscopist elevates the dysplastic 
area by injecting  fl uid into the submucosa, the 
elevated area is suctioned into a plastic cap  fi tted 
on the tip of the endoscope, and a polypectomy 
snare is deployed around the suctioned area to 
remove it  [  81  ] . There is also a “band and snare” 
method that uses a ligating device, similar to that 
used for endoscopic variceal ligation, which 
deploys elastic bands around the suctioned 
mucosal segment (usually without prior submu-
cosal  fl uid injection)  [  82  ] . The banded segment is 
removed with a polypectomy snare. 

 Available reports on limited (non-circumfer-
ential) EMR describe surprisingly few serious 
complications and virtually no procedure-related 
mortality. However, esophageal stricturing occurs 
frequently if EMR is used to remove the entire, 
circumferential extent of Barrett’s epithelium 
 [  83  ] . If the EMR specimen shows that there is no 
submucosal invasion and the margins of the spec-
imen are free of neoplastic cells, then the patient 
may be cured and an esophagectomy is unlikely 
to show residual tumor. However, studies suggest 
that a single cap-assisted EMR leaves neoplastic 
cells behind in the majority of cases  [  80  ] . 

 The long-term data available on the ef fi cacy of 
EMR as primary treatment for early cancers in 
Barrett’s esophagus are limited, but the results 
are impressive. For example, Ell at al. performed 
EMR on 100 patients with early Barrett’s cancers 
(de fi ned as tumor diameter <20 mm, well differ-
entiated histology, no invasion of lymphatics or 
blood vessels, and no evidence of metastases, 
submucosal invasion, or lymph node involve-
ment)  [  84  ] . There were no serious complications, 
and the calculated 5–year survival rate was 98%. 
However, recurrent or metachronous cancers 
were found in 11% of patients during a mean 

follow-up period of 37 months. The recurrent 
tumors were treated successfully with more endo-
scopic therapy. This and other studies show that 
EMR for dysplasia and early cancers in Barrett’s 
esophagus can be performed safely, and 5-year 
survival rates are excellent. However, most 
reports have come from a few highly specialized 
centers, and it is not clear that their excellent 
results can be duplicated in community practice 
settings. Furthermore, recurrent neoplasms 
develop frequently after endoscopic therapy, 
especially if the residual Barrett’s epithelium is 
not eradicated.  

   Endoscopic Ablative Therapies 

 The  fi rst report describing endoscopic ablation of 
Barrett’s metaplasia (using a laser) was published 
in 1992  [  85  ] . Since then, a number of different 
endoscopic ablation modalities have been 
described including several kinds of lasers, 
multipolar electrocoagulation, argon plasma 
beam coagulation (APC), cryoablation, photody-
namic therapy (PDT), and radiofrequency abla-
tion (RFA). Because of problems with metaplasia 
eradication rates, recurrence of metaplastic epi-
thelium, procedure complications, and ease of 
delivery, the lasers, multipolar electrocoagula-
tion, and APC largely have been abandoned as 
ablative therapies. Data on cryoablation are too 
preliminary for meaningful conclusions, and 
most recent attention has focused on PDT and 
RFA. For PDT, patients are given a systemic 
dose of a light-activated chemical (e.g., por fi mer 
sodium) that is taken up by Barrett’s esophagus, 
which is then irradiated with laser light  [  86  ] . The 
chemical transfers its laser-acquired energy to 
molecular oxygen to produce singlet oxygen, a 
toxic molecule that attacks vital cellular struc-
tures to produce cell death. RFA uses endoscopic 
guidance to position a balloon with a circumfer-
ential array of electrodes to deliver radiofre-
quency energy to Barrett’s esophagus  [  87  ] . Using 
a generator to control the power, density, and 
duration of the radiofrequency energy applied, 
RFA was designed to in fl ict a uniform, circum-
ferential thermal injury of limited depth. Using 
PDT or RFA, it is technically easy to ablate long 
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segments of metaplastic epithelium. In addition, 
both techniques have been shown to prevent the 
progression from dysplasia to cancer in random-
ized, controlled trials. 

 In one randomized, controlled trial, 138 
patients with high-grade dysplasia in Barrett’s 
esophagus were treated with PDT (using por fi mer 
sodium) plus omeprazole 20 mg BID, and 70 
received omeprazole 20 mg BID alone  [  88,   89  ] . 
No dysplasia was seen on repeat endoscopy in 
77% of the patients who received PDT, and in 
39% of the patients who received omeprazole 
alone ( P  < 0.0001). During up to 5 years of follow-
up, 15% of the PDT patients developed cancer, 
compared to 29% of those treated with omepra-
zole alone ( P  = 0.027). There was no procedure-
related mortality, but 69% of the patients who 
received PDT developed photosensitivity reac-
tions and 36% developed esophageal strictures. 
This study clearly documents the superiority of 
PDT over PPI alone for eradicating high-grade 
dysplasia and for preventing its progression to 
cancer. However, PDT frequently is complicated 
by serious complications and, after PDT for high-
grade dysplasia, there remains a substantial rate 
of progression to cancer in Barrett’s esophagus. 

 Circumferential RFA of Barrett’s esophagus is 
accomplished with the HALO 360  balloon system 
made by BÂRRX Medical. There is also a 
smaller, endoscope-mounted, radiofrequency 
catheter ablation device (the HALO 90  ablation 
catheter) that can be used for the focal ablation of 
metaplasia that remains behind after treatment 
with the RFA balloon. Using a combination of 
the balloon-based and focal RFA devices, a recent 
uncontrolled study has described complete erad-
ication of Barrett’s epithelium in 60 (98%) of 61 
patients  [  90  ] . 

 In a multicenter, randomized, sham-controlled 
trial of RFA, 127 patients with dysplasia in 
Barrett’s esophagus (64 low-grade, 63 high-
grade) were randomized to receive either RFA 
(ablation group) or a sham procedure (control 
group)  [  91  ] . At 1 year, intention-to-treat analyses 
revealed complete eradication of dysplasia in 
90.5% of patients with low-grade dysplasia in the 
ablation group, compared to 22.7% of those in 
the control group ( P  < 0.001). Similarly, complete 
eradication was found in 81.0% of patients with 

high-grade dysplasia in the ablation group, com-
pared to 19.0% of those in the control group 
( P  < 0.001). Complete eradication of intestinal 
metaplasia was found in 77.4% of all patients in 
the ablation groups, compared to 2.3% of those in 
the control group ( P  < 0.001). In addition, patients 
in the ablation group had less progression in their 
degree of neoplasia (3.6% vs. 16.3%,  P  = 0.03) 
and fewer cancers noted at 1 year (1.2% vs. 9.3%, 
 P  = 0.045). Serious complications occurred in 6 
(7%) of the 84 patients who received ablation, 
including one upper gastrointestinal hemorrhage 
and  fi ve esophageal strictures. 

 RFA and PDT have not been compared directly 
in a head-to-head trial. Nevertheless, available 
data suggest that RFA is at least as good, and 
probably better than PDT for treating high-grade 
dysplasia, with substantially fewer serious com-
plications. RFA is also considerably easier to 
administer than PDT. With these considerations, 
RFA appears to be the endoscopic ablative pro-
cedure of choice for Barrett’s esophagus with 
dysplasia.  

   Combination of EMR and Endoscopic 
Ablation 

 A report from a German group that pioneered the 
development of endoscopic eradication therapy 
has described long-term results of eradication 
therapy in a heterogeneous group of 349 patients 
who had high-grade dysplasia or mucosal adeno-
carcinoma in Barrett’s esophagus  [  92  ] . The 
investigators performed primary endoscopic 
therapy in the form of endoscopic mucosal resec-
tion or ablative therapy focused on the neoplasia, 
with or without ablation of the remaining Barrett’s 
epithelium. The endoscopic treatments included 
EMR alone for 279 patients, PDT alone for 55, 
EMR and PDT combined for 13, and APC alone 
for 2 patients. During a mean follow-up period of 
64 months, a complete eradication of the neopla-
sia was achieved in 97%. However, during a 
mean follow-up of 64 months, 22% of those 
patients were found to have metachronous 
 neoplasms. Those metachronous neoplasms 
occurred in 17% of 200 patients who had their 
remaining Barrett’s epithelium ablated after the 
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primary neoplasm was removed, but in 30% of 
the 137 patients whose Barrett’s epithelium was 
not ablated. Risk factors for metachronous lesions 
included long-segment Barrett’s  esophagus, 
 multiple foci of neoplasia in Barrett’s epithelium, 
piecemeal resection of the tumor, and failure to 
perform ablation of the residual, non-neoplastic 
Barrett’s epithelium after achieving complete 
remission. 

 A study from the Mayo Clinic compared 
long-term survival rates in patients with high-
grade dysplasia who were treated either with 
esophagectomy or with a combination of EMR 
and PDT  [  93  ] . There was no statistically 
signi fi cant difference in overall, long-term sur-
vival for patients treated with either of the thera-
pies, even though 6.2% of the patients treated 
with PDT and EMR were found to have a 
metachronous esophageal cancer during the fol-
low-up period. 

 The data reviewed above suggest that endo-
scopic therapy for mucosal neoplasia in Barrett’s 
esophagus should start with EMR of any visible 
mucosal irregularities. This provides crucial 
staging information and, if there is no submu-
cosal invasion, then the EMR can be therapeutic 
as well. Furthermore, available data suggest that 
the remaining Barrett’s metaplasia should be 
ablated to minimize the development of 
metachronous neoplasia. Presently, RFA appears 
to be the safest and most effective of the ablation 
techniques.   

   Management Recommendations 

 No management strategy for patients with 
Barrett’s esophagus has been veri fi ed by studies 
demonstrating that the strategy prolongs life by 
preventing deaths from esophageal cancer. A 
considerable amount of indirect evidence sug-
gests that acid suppression with PPIs may reduce 
the cancer risk in Barrett’s esophagus, and I recom-
mend that Barrett’s patients should be treated 
with a PPI using whatever dose is needed to 
control GERD symptoms and to maintain the 
healing of esophagitis. I do not routinely perform 
esophageal pH monitoring to verify that esopha-

geal acid exposure has been normalized by PPI 
therapy. I also feel that anti-re fl ux surgery should 
not be prescribed solely as a cancer preventive 
strategy. 

 Guidelines issued by the AGA in 2011 include 
the following recommendations  [  7,   37  ] :

   Screening for Barrett’s esophagus is suggested • 
in patients with multiple risk factors associ-
ated with esophageal adenocarcinoma (age 
50 years or older, male sex, white race, chronic 
GERD, hiatal hernia, elevated body mass 
index, or intra-abdominal distribution of 
body fat).  
  The AGA recommends against screening the • 
general population with GERD for Barrett’s 
esophagus.  
  The histological diagnosis of dysplasia in • 
Barrett’s esophagus should be con fi rmed by at 
least one additional pathologist, preferably one 
who is an expert in esophageal histopathology.  
  Endoscopic surveillance is suggested for • 
patients with Barrett’s esophagus using the 
following surveillance intervals:

   No dysplasia: 3–5 years   –
  Low-grade dysplasia: 6–12 months   –
  High-grade dysplasia in the absence of  –
eradication therapy: 3 months     

  The AGA recommends against the use of • 
molecular biomarkers to con fi rm the histo-
logic diagnosis of dysplasia or as a method of 
risk strati fi cation for patients with Barrett’s 
esophagus.  
  For patients with Barrett’s esophagus who are • 
undergoing surveillance, the AGA recommends:

   Endoscopic evaluation using white light  –
endoscopy  
  Four-quadrant biopsy specimens of  –
Barrett’s metaplasia should be taken at 
2 cm intervals for patients who are not 
known to have dysplasia  
  Biopsy specimens of any mucosal irregu- –
larities should be submitted separately to 
the pathologist  
  Four-quadrant biopsy specimens be  –
obtained at 1 cm intervals in patients with 
known or suspected dysplasia     
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  The AGA suggests against requiring chro-• 
moendoscopy or advanced imaging techniques 
like narrow band imaging for the routine sur-
veillance of patients with Barrett’s esophagus.  
  Endoscopic eradication therapy with radiofre-• 
quency ablation, photodynamic therapy, or 
endoscopic mucosal resection (EMR) rather 
than surveillance is recommended for treat-
ment of patients with con fi rmed high-grade 
dysplasia within Barrett’s esophagus.  
  EMR is recommended for patients who have • 
dysplasia in Barrett’s esophagus associated 
with a visible mucosal irregularity to deter-
mine the T stage of the neoplasia.    

 I recommend that treatment for high-grade 
dysplasia in Barrett’s esophagus should be indi-
vidualized based initially on considerations of 
age, comorbidities, and life expectancy. For 
example, endoscopic therapy clearly is preferred 
over esophagectomy for an elderly and in fi rm 
patient who has a very limited life expectancy. 
The extent of Barrett’s metaplasia is also an 
important factor when considering endoscopic 
therapy. Short-segment Barrett’s esophagus can 
be eradicated more easily endoscopically than 
long-segment Barrett’s esophagus. It is also 
important to consider the patient’s preferences. 
Patients must be willing to accept the need for 
long-term endoscopic surveillance and the 
possibility of recurrence that accompanies the 
endoscopic treatments for neoplasia in Barrett’s 
esophagus.      
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   Introduction 

 The 2006 Montreal consensus group distin-
guished gastroesophageal re fl ux disease (GERD) 
symptoms between esophageal and extraesopha-
geal syndromes (Fig.  50.1 )  [  1  ] . Extraesophageal 
manifestations with established associations 

include chronic cough, laryngitis, and asthma, 
based on population-based studies, with odds 
ratios of 1.3–3.0  [  2–5, 60,   61  ] . However, the causal 
relationship of GERD to these nonspeci fi c symp-
toms is not proven. The Montreal consensus 
group stated that present evidence indicates “(1) 
The existence of an association between these 
syndromes and GERD, (2) The rarity of extrae-
sophageal syndromes occurring in isolation with-
out concomitant manifestations of the typical 
esophageal syndrome, (3) That those syndromes 
are usually multifactorial with GERD as one of 
the several potential aggravating cofactors, and 
(4) That data substantiating a bene fi cial effect of 
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re fl ux treatments on the extraesophageal 
 syndromes are weak”  [  1  ] . More recently, the 
American Gastroenterological Association 
(AGA) guidelines for GERD recommended 
against treating for acid re fl ux for patients with 
laryngitis or asthma who do not have concomi-
tant typical re fl ux symptoms  [  2,   3  ] . Thus, the role 
of “silent” re fl ux, extraesophageal symptoms 
without concomitant heartburn or regurgitation, 
is controversial and divisive between the gastro-
enterology and otolaryngology communities  [  4  ] .  

 Potential ways in which gastroesophageal 
re fl ux (GER) may contribute to cough, laryngitis, 
and asthma syndromes involves both direct (aspi-
ration) and indirect (neurally mediated) mecha-
nisms  [  1,   5  ] . However, despite a multitude of 
epidemiologic and animal studies highlighting 
the association between GERD and extraesopha-
geal symptoms, current diagnostic tools are 
imperfect in establishing a causal role for re fl ux, 
resulting in controversy in many patients unre-
sponsive to acid suppressive therapy. In this chap-
ter we will explore the evidence for a potential 

association between GER and chronic cough, 
laryngeal in fl ammation, asthma, and dysphagia.  

   Chronic Cough and GERD 

 Chronic cough is de fi ned as a cough greater than 
3 weeks in duration. In nonsmokers with an unre-
markable chest X-ray and not taking angiotensin-
converting enzyme (ACE) inhibitors, GERD is 
considered one of the three main causes of 
chronic cough, along with asthma and upper air-
way cough syndrome, formerly referred to as post-
nasal drip  [  5,   6  ] . Gastroduodenal re fl uxate is thought 
to trigger cough through irritation of the upper 
respiratory tract by macro- or micro-aspiration, 
irritation without aspiration, and by stimulation 
of an esophageal–bronchial cough re fl ex  [  7  ] . An 
increase in intra-abdominal pressure during 
coughing episodes may be suf fi cient to overcome 
the basal lower esophageal sphincter pressure in 
order to provoke re fl ux events as well  [  8,   9  ] . 
However, many patients with  re fl ux-induced 

  Fig. 50.1    Montreal de fi nition of constituent syndromes of GERD. From N. Vakil et al. Am J Gastroenterol 
2006;101(8):1900–20 with permission from Macmillan Publishers Ltd       
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cough do not have typical symptoms of GERD. 
One study found that only 63% of patients with 
re fl ux-associated cough exhibit classic re fl ux 
symptoms. These patients were more likely to 
exhibit cough in the upright position, during day-
time hours, upon arising from a supine position, 
during phonation, and also often had symptoms 
associated with eating  [  10  ] . 

 The common tests used to diagnose typical 
GERD have lacked ef fi cacy in the diagnosis of 
re fl ux-associated cough. In one study of 45 
patients suffering from cough thought secondary 
to chronic re fl ux, only 15% had endoscopy-
proven esophagitis  [  11  ] . The role of 24 h esopha-
geal pH monitoring has also shown limitations. 
Although the sensitivity of pH monitoring has 
been reported as high as 90%, the speci fi city of 
this test has been quite low  [  12–  17  ] . Paterson and 
Murat combined pH monitoring with manometry 
and found that only 1% of the total cough epi-
sodes in patients were associated with hypopha-
ryngeal re fl ux events  [  18  ] . 

 Recent studies have attempted to assess for a 
temporal relationship between re fl ux events on 
pH or impedance monitoring and cough episodes. 
Sifrim and colleagues studied ambulatory pres-
sure–pH–impedance monitoring with cough and 
determined that although the majority of cough 
events were not associated with re fl ux episodes 
directly, 31% of patients did cough within 2 min 
of a re fl ux episode  [  19  ] . Blondeau and colleagues 
found that of 100 patients with suspected re fl ux-
associated cough, 23% had a signi fi cant correla-
tion between coughing spells and re fl ux during 
impedance/pH monitoring  [  20  ] . Given the lack of 
outcome studies the clinical relevance of these 
prevalence studies should not be overstated. 

 The treatment of patients with suspected 
re fl ux-associated cough has also been well stud-
ied. Vaezi and Richter found that treatment with 
omeprazole for acid suppression showed com-
plete resolution of symptoms within 2 months in 
10 of 11 patients with GER-associated cough 
 [  12  ] . Another study found that 56% of patients 
with typical GERD symptoms in addition to 
cough or hoarseness had resolution of cough 
symptoms on omeprazole  [  13  ] . Although these 
studies and others have shown that GER-

associated cough appears to respond to acid sup-
pressive therapy, other studies have not supported 
this  fi nding  [  14  ] . Some studies suggest that other 
etiologies of cough (including nonacid re fl ux) 
should be pursued among patients unresponsive 
to aggressive acid suppression. 

 Nonacid re fl ux as an etiology of chronic cough 
has gained recent increased attention. Impedance 
monitoring is playing an important role in the 
detection of both acid and nonacid re fl uxate. 
Most impedance monitoring studies have shown 
no increase in re fl ux events with patients with 
chronic cough compared to normal controls 
 [  20,   62,   63,   66  ] . However, Patterson and col-
leagues suggested that patients who have positive 
symptom association probability (SAP) on 
impedance may have a higher number of re fl ux 
episodes crossing the upper esophageal sphincter 
compared to SAP-negative patients  [  15  ] . A novel 
study by Smith et al.  [  16  ]  employing 24-h ambu-
latory acoustic cough monitoring with simultane-
ous impedance/pH monitoring in 71 patients with 
chronic cough has recently raised the importance 
of neural sensitization and the self-perpetuating 
cycle which maintains patients’ cough episodes. 
In this study, the authors reported that patients 
with chronic cough had no greater esophageal 
exposure to re fl ux, they were no more likely to 
have erosive esophagitis but they did have more 
sensitive cough re fl ex. Their  fi ndings of lack of 
association between degree and proximal extent 
of re fl ux and chronic cough further highlight the 
complexity of chronic cough etiology and the 
need for in-depth studies reexamining our current 
diagnostic tools for this condition. 

 The evaluation of GER-associated chronic 
cough should begin with assessment of other 
causes of chronic cough, including postnasal drip 
syndrome and asthma. Once the contributions of 
these conditions have been dismissed, an empiric 
trial of acid suppression with twice-daily proton 
pump inhibitor (PPI) therapy for 2–3 months may 
help identify those in whom GER may be an 
important contributing factor; however, in most 
patients a multidisciplinary approach is needed 
since chronic cough in most patients is multifacto-
rial. The role of diagnostic testing with impedance/
pH monitoring or symptom association analyses is 
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unknown at this time, although there may be clini-
cal value to normal test  fi ndings in those with con-
tinued symptoms despite PPI therapy.  

   Laryngopharyngeal Re fl ux 

 Laryngopharyngeal re fl ux (LPR) is a term com-
monly used by ear, nose, and throat (ENT) spe-
cialists to describe the GER that reaches the 
anatomical structures above the upper esophageal 
sphincter such as the laryngeal or pharyngeal 
mucosa  [  17  ] . Other commonly employed termi-
nology includes re fl ux laryngitis or GER-related 
laryngitis. As controversial as the terminology 
de fi ning the disease might appear, it pales in 
comparison to identifying who actually has the 
disease and in whom it is over- or incorrectly 
diagnosed. For the sake of simplicity we will 
employ the term LPR to refer to a disease state in 
which patients have throat symptoms “felt to be” 
GER-related. Presenting symptoms of suspected 
LPR may include chronic cough, sore throat, 
throat clearing, hoarseness, and globus sensation 
to name a few. LPR is among the extraesophageal 
syndromes of re fl ux disease with varying symp-
tom presentations, with many who may not report 
concomitant presence of classical symptoms of 
re fl ux such as heartburn. This results in added 
complexity to diagnosing true GER-related 
 fi ndings and symptoms in patients with suspected 
extraesophageal re fl ux. 

 The two predominant pathophysiologic mech-
anisms for LPR are direct and indirect laryngeal 
exposure to gastric contents. Direct exposure is 
due to acid, pepsin, and bile acid exposure to lar-
yngopharyngeal mucosa. Protective structures to 
prevent the former are the GI junctional struc-
tures including the lower and upper esophageal 
sphincters, peristaltic actions of the esophagus, 
acid neutralization by saliva, protective airway 
re fl exes including the esophagoglottal closure 
and the cough re fl exes, and mucociliary clear-
ance. Animal studies have also documented inju-
rious potential in laryngeal lesions for both gastric 
and duodenal agents  [  25,   26  ] . The indirect mech-
anism is thought to be due to interactions of 
re fl uxate with structures distal to the larynx, 

evoking a vagally mediated response of broncho-
constriction  [  21  ] . There are some suggestions 
that the defense mechanisms differ between the 
esophagus and the laryngopharynx. The esopha-
gus has greater resistance to exposure to acid. 
One of the carbonic anhydrase isoenzymes, CA 
III, is noted to exhibit increased expression in 
esophageal mucosa in response to re fl ux, while 
the larynx has decreased CA III levels after expo-
sure to chronic re fl ux. The response of esopha-
geal mucosa to acid and pepsin is often reversible, 
while laryngeal tissue can often exhibit irrevers-
ible damage  [  27,   28  ] . 

 Two tests commonly used in the diagnosis of 
LPR include 24-h pH monitoring and laryngos-
copy. As the initial test performed by our ENT 
colleagues in patients with chronic throat symp-
toms, laryngoscopy is sensitive but not speci fi c 
enough to diagnose GER-related LPR  [  17  ] . 
Normal laryngeal tissue has sharply demarcated 
landmarks with glistening mucosa with minimal 
or no laryngeal edema (Fig.  50.2 ) unlike abnor-
mal laryngeal  fi ndings (Fig.  50.3 ). The epithe-
lium of the larynx is thin and is not adapted to 
accommodating injury from acid and pepsin  [  27  ] . 
Several laryngeal signs are attributed to GERD, 
including edema, erythema, pseudosulcus, ven-
tricular obliteration, and postcricoid hyperplasia 
 [  17  ] . However, many such laryngeal  fi ndings 

  Fig. 50.2    Normal laryngeal tissue.  TVF  true vocal fold, 
 FVF  false vocal fold,  AMW  arytenoid medial wall,  AC  
arytenoid complex,  PCW  posterior cricoid wall,  PPW  
posterior pharyngeal wall. From M.F. Vaezi et al. Clin 
Gastroenterol Hepatol 2003;1(5):333–44 with permission 
from Elsevier       
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may be the result of irritants such as smoking and 
environmental allergens  [  29  ] . Abnormal laryn-
geal signs are more likely to be suspected with 
 fl exible laryngoscopy as opposed to rigid laryn-
goscopy in the same individual, indicating that 
 fl exible laryngoscopy may be more sensitive and 
less speci fi c for detecting laryngeal irritation 
 [  22  ] . Given the poor speci fi city of laryngoscopy 
in diagnosing GER-related laryngeal changes, it 
is not surprising that many are incorrectly diag-
nosed as having LPR who may not have re fl ux 
disease at all. However, one study showed that 
lesions of the vocal fold might represent more 
speci fi c signs for LPR, exhibiting 91% speci fi city 
and 88% response to treatment with PPIs  [  23  ] .   

 When compared to physical exam  fi ndings, 
dual pH-probe monitoring is reported to have 
superior sensitivity and speci fi city  [  26  ] . A meta-
analysis of 16 studies involving a total of 793 

subjects who underwent 24-h pH monitoring 
(529 patients with LPR, 264 controls) showed 
that the number of pharyngeal re fl ux events for 
the control group and for LPR patients differed 
signi fi cantly ( p  < 0.0001). However, the clinical 
utility of prolonged esophageal or pharyngeal pH 
monitoring should be scrutinized. Approximately 
50–80% of patients with suspected GER have 
abnormal acid exposure, irrespective of pH probe 
placement  [  17  ] . The sensitivity of proximal 
esophageal and hypopharyngeal pH monitoring 
is suboptimal at only 40–50%  [  24,   30  ] . In addi-
tion, Park et al. demonstrated that pre-therapy 
demographics, presenting symptoms, pH moni-
toring, and esophageal manometry were not pre-
dictive of 4 month treatment outcome in patients 
referred for suspected LPR  [  23  ] . Overall, pH test-
ing is valuable to suggest the presence or absence 
of re fl ux, but it does not suggest a causal link and 

  Fig. 50.3    Abnormal larynx. ( a ) Leukoplakia; ( b ) 
Reinke’s edema; ( c ) bilateral true vocal cord nodules; ( d ) 
true vocal fold hemorrhagic polyp; ( e ) true vocal fold 
 erythema; ( f ) vocal fold granuloma; ( g ) interarytenoid 

bar; ( h ) arytenoid medial wall erythema; ( i ) posterior pha-
ryngeal wall cobble stoning. From M.F. Vaezi et al. Clin 
Gastroenterol Hepatol 2003;1(5):333–44 with permission 
from Elsevier       
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given its low sensitivity it cannot be viewed as 
the gold standard in diagnosing LPR in patients 
referred for evaluation. 

 Given the poor sensitivity and speci fi city of 
diagnostic tests, empiric treatment of suspected 
GER laryngitis using PPIs is common  [  17  ] . Most 
trials have utilized twice-daily PPIs for 
3–4 months  [  17,   31  ] . The primary reason for this 
unapproved high-dose acid suppression is based 
on pH monitoring data indicating that the chances 
of normalizing exposure of the esophagus to acid 
in patients with chronic cough, laryngeal symp-
toms, or asthma are 99% with a twice-daily PPI 
 [  32  ] . A prospective cohort study (uncontrolled 
and open-label) assessed optimal PPI dose in 
patients with LPR, and indicated that twice-daily 
PPI is more effective than daily PPI in achieving 
clinical symptom response in patients with sus-
pected LPR  [  23  ] . Unfortunately, the enthusiasm 
of treatment response in uncontrolled studies is 
dampened by the overall undifferentiated 
response in controlled studies (Table  50.1 ). This 
is most likely due to the overdiagnosis of LPR 
based on nonspeci fi c laryngeal signs that over-
populate the clinical trials resulting in reduced 
study power to  fi nd a signi fi cant clinical bene fi t 
to PPI over placebo.  

 A number of uncontrolled observational stud-
ies have suggested ef fi cacy of anti-re fl ux surgery 
in patients with LPR. However, studies suggest 
that the role of fundoplication is best delineated 
in those who have a positive symptom response 
to PPI therapy and caution should be exercised in 
referring patients who do not respond to aggres-
sive acid suppression, especially those with 
extraesophageal complaints  [  46,   66,   68,   69  ] . 
Swoger et al.  [  46  ]  evaluated surgical response 
rate in a group of patients with LPR unresponsive 
to aggressive PPI therapy. They studied 72 
patients with symptoms consistent with LPR and 
treated them with 4 months of twice-daily PPI 
therapy. Twenty- fi ve patients had <50% improve-
ment despite maximal medical therapy. Ten of 
these patients underwent surgical fundoplication, 
while 15 remained on medical therapy alone. In 
the surgical group, one patient (10%) reported 
improvement in laryngeal symptoms at 1 year 
postoperatively. These studies suggest conserva-

tive nonsurgical approach in those with poor 
symptomatic response to PPI therapy.  

   Asthma and GERD 

 Patients with asthma have a higher prevalence of 
comorbid GERD than would be expected in the 
general population. Twenty-four hour pH assess-
ment has shown that asthmatics have signi fi cant 
GERD in up to 80% of patients  [  47  ] . Although the 
majority of asthmatics with comorbid GERD have 
symptoms of re fl ux, approximately 40% of 
patients do not have typical re fl ux symptoms  [  48  ] . 
Symptoms that can be associated with asthma, 
including cough and chest pain, are often associ-
ated with GERD as well and this overlap can 
make it more challenging to assess for re fl ux-
related symptoms. The two leading theories to 
explain the pathophysiologic relationship between 
GERD and asthma include bronchospasm due to 
aspiration of gastric contents, and a re fl ex arc by 
which acid stimulates sensory afferent nerves in 
the distal esophagus that trigger a vagally medi-
ated response of bronchospasm  [  42  ] . 

 Kiljander and colleagues studied the effect of 
asthma control in patients with documented 
GERD by 24-h pH monitoring and found that 
patients who received PPI therapy did not bene fi t 
in asthma control compared to placebo  [  43  ] . 
Later study by Sontag and colleagues evaluated 
the effects of fundoplication, ranitidine, and pla-
cebo on asthma symptoms in patients who had 
both asthma and GERD  [  44  ] . In this population, 
75% of post-fundoplication patients noted 
improvement in nocturnal symptoms compared 
to 9.2% of those treated with pharmacotherapy 
alone and 4.2% of control patients. A subsequent 
controlled trial suggested a therapeutic bene fi t of 
PPIs in asthmatics with both nocturnal respira-
tory and GERD symptoms but no bene fi t in those 
without nocturnal symptoms  [  45  ] . Littner and 
colleagues found that patients with asthma and 
GERD symptoms treated with acid suppressive 
therapy did have an improvement in asthma-re-
lated quality of life and a reduction in asthma 
exacerbations but did not alter daily symptoms 
 [  49  ] . Most recently, the American Lung 
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Association Asthma Clinical Research Centers 
published a controlled study illustrating that 
patients with poor asthma control already receiv-
ing inhaled corticosteroids and lacking typical 
re fl ux-related symptoms did not have improve-
ment in asthma control with the addition of twice-
daily esomeprazole for 6 months  [  48  ] . In this 
randomized double blind controlled study, 
patients underwent ambulatory 24-h pH monitor-
ing at baseline. Approximately 40% of patients 
had abnormal re fl ux; however, patients with posi-
tive 24-h pH testing at baseline were not more 
likely to respond to PPI therapy than those with 
normal pH  fi ndings. Thus, as in other extraesoph-
ageal re fl ux syndromes, we await future trials to 
determine the subgroup of patients with asthma 
who may bene fi t from aggressive acid suppres-
sion or surgical fundoplication. Meanwhile, given 
the high prevalence of re fl ux in patients with 
asthma it may be prudent to treat this group of 
patients with at least once-daily PPI therapy.  

   Dysphagia Due to GERD-Related 
Strictures 

 Chronic GERD is the most common etiology of 
benign esophageal strictures, referred to as peptic 
strictures  [  50  ] . Peptic strictures may occur in 
7–23% of GERD patients and are typically under 
1 cm in length and primarily occur in the distal 
third of the esophagus  [  51  ] . The incidence of 
peptic strictures has declined since the 1990s due 
to increased utilization of PPIs  [  52  ] . Peptic stric-
tures represent 70–75% of esophageal strictures 
 [  53  ] . In patients with a new diagnosis of peptic 
strictures, 25–44% may have underlying Barrett’s 
esophagus  [  51  ] . Initially esophageal narrowing 
results from reversible edema and muscular 
spasm. As acid re fl ux progresses, chronic 
in fl ammation from erosions and ulcerations 
develop, leading to collagen and scar tissue depo-
sition around epithelial cells. Over time  fi brous 
tissue causes stricture formation within the 
esophageal lumen, ultimately leading to narrow-
ing and obstruction  [  51,   53,   70,   71  ] . 

 Simple peptic strictures are short, focal, 
straight, and effortless for the endoscope to pass 

through (>10 mm in diameter). Strictures that are 
longer, angular, narrow, and cause dif fi culty for 
the endoscope to pass are referred to as complex 
strictures. An alternative classi fi cation for peptic 
stricture scores the strictures based on three 
parameters (diameter, length, and ease of dila-
tion). Strictures are then classi fi ed based on the 
summed scores from the three parameters into 
type I (mild), type II (moderate), or type III 
(severe) strictures  [  58  ] . However, this 
classi fi cation is less often used clinically. 

 Dysphagia is the most frequent presenting 
symptom for peptic strictures. As strictures nar-
row the esophageal lumen to less than 12 mm in 
diameter, patients begin to note dif fi culty swal-
lowing. Dysphagia is usually due to solids and a 
report of dysphagia to both solids and liquids 
should raise suspicion for a motility disorder such 
as achalasia. Patients’ localization of symptoms 
to the cervical region occurs in up to one-third of 
those with distal esophageal strictures and does 
not rule out a distal esophageal etiology. A sub-
sternal complaint on the other hand usually 
implies an esophageal location. Over 75% of 
patients with peptic strictures have a history of 
typical heartburn symptoms. 

 Endoscopy and barium swallow are comple-
mentary studies in patients with dysphagia and 
suspected peptic strictures. Barium esophagram 
may provide details about the location, diameter, 
and length of the peptic stricture. Unless a motil-
ity disorder is suspected the initial diagnostic test 
of choice in those with suspected peptic stricture 
is endoscopy which provides both diagnosis and 
treatment by dilation. An esophagram is recom-
mended in patients where a complex stricture or 
esophageal motility disorder is suspected. 

 The goal of therapy is to resolve dysphagia 
symptoms and reduce frequency of stricturing 
and recurrence. The mainstay of treatment for 
peptic strictures is endoscopy with dilation using 
either balloon or mechanical dilation, accompa-
nied by acid suppression with PPIs. As peptic 
strictures are most commonly simple and thus 
easy to traverse with an endoscope, guidewire or 
balloon dilation is often not necessary  [  59  ] . 
Esophageal dilation may relieve dysphagia with 
an initial response rate of greater than 80%. 
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However, up to 30% of patients may require 
repeat dilation within 1 year. Factors predicting 
the need for recurrent dilation are poorly de fi ned 
but include persistent exposure to gastroduodenal 
contents from either severe disease or poor com-
pliance with acid suppressive therapy and stric-
tures that are dif fi cult to dilate in the  fi rst dilation 
session. Esophageal perforation is the most clini-
cally signi fi cant complication of endoscopic dila-
tion. Mechanical and balloon dilators appear to 
have the same rate of perforation  [  59,   72–  77  ] . 

 Treatment of peptic strictures with acid sup-
pression reduces the need for repeat dilation by 
decreasing the esophageal mucosal exposure to 
the offending gastroduodenal agents. Healing 
esophagitis is needed for strictures to degenerate. 
When initially studied with H2 blockers, reports 
suggested improvement in patient symptoms, but 
the need for re-dilation and thus complete regres-
sion did not change compared to placebo  [  78–  80  ] . 
Since the advent and use of PPIs, incidence of 
peptic ulcers has decreased in parallel. The  fi rst 
randomized controlled trial noting the effects of 
acid suppression and decreased in need for dila-
tion was published in 1994. The authors compared 
omeprazole with ranitidine 150 mg twice daily 
(or famotidine 20 mg twice daily) in 32 patients 
with erosive esophagitis and strictures. After 
6 months patients taking omeprazole demonstrated 
a higher rate of esophageal healing, improved dys-
phagia, and need for fewer dilations  [  54  ] . 

 Intralesional corticosteroid injection is recom-
mended by some experts in managing refractory 
peptic strictures. With its known anti-in fl ammatory 
effects, and characteristic reduction in collagen 
and ultimately scar formation, corticosteroids 
have been shown to diminish stricture recurrence 
after initial dilation  [  64  ] . With the advent of 
removable plastic stents, esophageal stents are 
now being advocated for more benign strictures 
 [  55  ] . In the past, uncovered and partially covered 
stents have not played a signi fi cant role in benign 
esophageal diseases because of their tendency to 
rapidly embed themselves in the esophageal wall, 
making removal dif fi cult and dangerous. Left 
long term, these stents may erode, occlude, 
 fi stulize, or cause other severe problems. 
However, with the introduction of a fully coated, 

removable plastic stent, a host of new applica-
tions are being attempted with varying success. 
With moderate reported long term success rates 
these stents suffer from migration as the main 
complication.  

   Dysphagia Due to Esophagitis 

 Dysphagia is an alarm symptom and is considered 
an indication for endoscopy. Patients may have 
dysphagia for a variety of reasons; not all dys-
phagia is due to structural lesions such as strictures 
as delineated above. Many patients with erosive 
esophagitis present with dysphagia as well. 

 A 2004 study utilized a post hoc analysis to 
assess the prevalence of dysphagia symptoms 
among 11,945 patients with erosive esophagitis 
con fi rmed by endoscopy who were enrolled in 
 fi ve clinical trials  [  56  ] . (These  fi ve clinical trials 
excluded patients with Barrett’s esophagus, stric-
tures, and malignancy.) Thirty-seven percent of 
these patients were noted to have dysphagia, 
including 43% of patients with severe esophagitis 
and 35% of those with mild esophagitis. After 
4 weeks of PPI therapy, dysphagia resolved in 
83% of patients. Dysphagia resolution was found 
to be associated with a mean healing rate of 90%; 
among the 17% of patients with persistent dys-
phagia, the rate of healing was signi fi cantly 
decreased (mean 72%,  p  < 0.0001). The authors 
concluded that although dysphagia is common 
among patients with erosive esophagitis it does 
not reliably predict severe erosive esophagitis, 
and persistent dysphagia despite PPI therapy may 
indicate failed healing. 

 This study also noted a small but statistically 
signi fi cant trend between severity of dysphagia 
and increasing age, and noted that elderly patients 
with GERD were at an increased risk of severe ero-
sive esophagitis. The authors raised concern that 
elderly patients noting dysphagia symptoms may 
require particularly careful clinical assessment. 

 The etiology of dysphagia symptoms among 
patients with GERD may be multifactorial  [  56  ] . 
Dysphagia may be elicited due to low intraesoph-
ageal pH. One study found a correlation between 
esophageal pH less than four on 24-h pH 



748 R.T. Kavitt and M.F. Vaezi

 assessment and dysphagia episodes among 89% 
of those with erosive esophagitis compared to 7% 
of patients with motility disorders  [  57  ] . Contact 
of acidic re fl uxate with esophageal mucosa is 
necessary for mucosal injury, and nonerosive or 
erosive esophagitis can develop over time. This 
can lead to esophageal strictures and/or Barrett’s 
esophagus as well. This process begins as an 
in fl ammatory process leading to edema, cellular 
in fi ltration, and vascular alterations in the esoph-
ageal mucosa  [  51  ] . This process can further prog-
ress to deposition of connective tissue and 
collagen, and may ultimately result in  fi brosis. 
Initially esophageal narrowing can occur due to 
edema and muscle spasm and can be reversed 
with acid suppression; however, over time peptic 
strictures may form.  

   National Society Guidelines 

 The AGA Institute published a medical position 
statement in 2008 regarding the diagnosis and 
management of GERD and extraesophageal 
re fl ux  [  3  ] . Based on this guideline (1) existing 
evidence supports an association between extrae-
sophageal re fl ux syndromes (asthma, laryngitis, 
and cough) and GERD, (2) the rarity of extrae-
sophageal GERD syndromes without concomi-
tant esophageal symptoms or  fi ndings, (3) the 
multifactorial nature of extraesophageal re fl ux 
syndrome, and (4) weak data supporting a bene fi t 
from the treatment of re fl ux for extraesophageal 
GERD syndromes. The guideline states that 
“Clinical predictors implicating GERD in the 
extraesophageal syndromes have proven elusive, 
and the premature adoption of  fl awed diagnostic 
criteria has likely resulted in the over-diagnosis 
of extraesophageal GERD syndromes.” 

 The AGA position statement further com-
ments that symptoms of these conditions are 
nonspeci fi c, diagnostic tests for establishing an 
etiology of GERD exhibit poor sensitivity and 
speci fi city, and there are no controlled studies to 
determine the appropriate dose and duration of 
PPI therapy for these patients. However, they 
conclude that empiric therapy with twice-daily 
PPI for 2 months is a pragmatic treatment strat-

egy for patients with a known esophageal syn-
drome with suspected extraesophageal 
mani festations. In the AGA technical review, it is 
noted that other factors that are often not com-
pletely explored include “postnasal drip, allergic 
rhinitis, infections, habitual throat clearing, 
tobacco, alcohol, excessive voice use, allergens, 
exercise, temperature or climate changes, emo-
tional con fl icts, and environmental irritants” 
 [  2,  17  ] . In 2007, the American College of 
Gastroenterology published practice guidelines 
regarding esophageal re fl ux testing  [  64  ] . The 
authors comment that available data question the 
clinical utility of esophageal or hypopharyngeal 
pH testing in the initial evaluation of patients who 
have ENT complaints thought to be acid-related. 
They state that the practical approach is a trial of 
twice-daily PPI for several months, reserving pH 
testing for those with symptoms that persist  [  17  ] .  

   Summary 

 Cough, laryngopharyngeal re fl ux, and asthma 
have all been classi fi ed as extraesophageal mani-
festations of GERD. In many extraesophageal 
syndromes, patients often do not display classic 
symptoms of GERD including heartburn and 
regurgitation. Standard diagnostic modalities 
including upper endoscopy and pH assessment, 
when utilized to diagnose re fl ux in patients with 
atypical symptoms, have been shown to have 
poor sensitivity. An empiric trial of PPIs is gener-
ally a cost-effective initial strategy, with diagnos-
tic testing playing a role in those with partial or 
poor response to the initial attempts at acid sup-
pression. A poor response to PPI therapy may be 
an important clue for a non-GERD etiology of a 
patient’s symptoms. Surgical fundoplication 
should not be undertaken in those poorly respon-
sive to PPI therapy.  

   Key Points 

    An empiric trial of PPIs is still the recom-• 
mended initial approach to those patients sus-
pected of having re fl ux as the etiology of 
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extraesophageal symptoms including asthma, 
chronic cough, or laryngitis.  
  Diagnostic testing should be reserved for those • 
patients unresponsive to therapy. Most recent 
studies suggest that ambulatory impedance/
pH monitoring may be most likely to help 
exclude re fl ux as the cause for persistent 
symptoms.  
  Recent randomized placebo-controlled stud-• 
ies in chronic laryngitis, cough, and asthma 
have been disappointing in showing bene fi t 
from acid suppressive therapy.  
  We are currently limited in our diagnostic abil-• 
ity to identify the subgroup of patients who 
might respond to acid suppressive therapy. 
Further outcome studies are needed to better 
understand the role of acid or nonacid re fl ux in 
patients with extraesophageal symptoms.         
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  Abstract 

 Hiatal hernia is a condition in which elements of the abdominal cavity 
(most commonly the stomach) herniate through the esophageal hiatus 
into the mediastinum. Four types of hernias are described. Type I or slid-
ing hernia is the most common. It consists of an anatomic disruption of 
the esophagogastric junction associated with a widening of the diaphrag-
matic hiatus and axial displacement separation of the lower esophageal 
sphincter and crural diaphragm. Type II, III and IV are ‘paraesophageal’ 
hernias resulting from a localized defect in the phrenoesophageal mem-
brane. Age and obesity are factors associated with sliding hernia occur-
rence.  A sliding hernia may be an intermittent phenomenon, especially 
when small, and may be an equivocal  fi nding. Barium contrast radiogra-
phy and endoscopy provide an anatomic description of the condition 
while high resolution esophageal manometry depicts a more physiologi-
cal assessment. Thus, two high pressure zones are identi fi ed in sliding 
hiatal hernia: the lower esophageal sphincter and the crural diaphragm. 
Clinical presentation ranges from the absence of symptoms, to re fl ux, 
dysphagia, or chronic anemia.  

  Keywords 

 Hiatal hernia  •  Esophagogastric junction  •  Mobility of the esophagogastric 
junction  •  Phrenoesophageal membrane  •  Obesity  •  High-resolution 
manometry  
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  Abbreviations  

  BMI    Body mass index   
  CD    Crural diaphragm   
  EGJ    Esophagogastric junction   
  HRM    High-resolution manometry   
  LES    Lower esophageal sphincter   
  SCJ    Squamocolumnar junction     

       Introduction 

 Hiatus hernia refers to conditions in which ele-
ments of the abdominal cavity, most commonly 
the stomach, herniate through the esophageal 
hiatus into the mediastinum. The axial mobil-
ity of the esophago-gastric junction (EGJ) 
plays an important role in the genesis of hiatal 
hernia. Anatomic disruption of the EGJ is 
associated with a widening of the diaphrag-
matic hiatus and axial displacement between 
the lower esophageal sphincter (LES) and cru-
ral diaphragm (CD) of suf fi cient magnitude 
that a pouch of stomach can be appreciated 
between the two. This represents the most 
common type of hernia, the sliding hiatal her-
nia (type I). In this type the laxity of phreno-
esophageal membrane promotes herniation of 
gastric cardia. 

 Different techniques are available to diagnose 
hiatal hernia. Radiology and endoscopy detect 
the gastric pouch between LES and CD as well as 
esophageal shortening. Esophageal high-resolution 
manometry depicts a more physiological assess-
ment of hiatal hernia since the LES and CD can 
be distinguished as independent pressure signals. 
The clinical presentation ranges from the 
absence of symptoms to re fl ux, dysphagia, or 
chronic anemia. The aims of this chapter are to 
describe anatomy and physiology of the hiatus 
and esophagogastric junction, to explain the 
genesis of hiatus hernia, to compare the different 
methods to diagnose hiatus hernia, and  fi nally, 
to describe the clinical presentations of this 
condition.  

   The Hiatus and the Esophagogastric 
Junction 

   Descriptive Anatomy 

 The esophageal hiatal ori fi ce is an elliptically 
shaped opening through the diaphragm with its 
long axis in the sagittal plane through which the 
esophagus and vagus nerves gain access to the 
abdomen. It is vulnerable to visceral herniation 
because it faces directly into the abdominal 
cavity and, hence, is directly subjected to the 
pressure stresses between the two cavities. The 
esophagus does not tightly  fi ll the hiatus because 
it needs to expand to accommodate luminal 
contents. Thus, the integrity of the hiatus depends 
on the structures bridging the gap between the 
esophagus and the surrounding CD making 
the detailed anatomy of this area of prime 
importance. 

 Although there is some anatomic variability, 
the most common anatomic pattern is for the 
hiatus to be formed by elements of the right 
diaphragmatic crus  [  1  ] . The crura arise from 
tendinous  fi bers emerging from the anterior 
longitudinal ligament over the upper lumbar 
vertebrae (Fig.  51.1 ). The crura pass upward in 
close contact with the vertebral bodies for most 
of their course and incline forward only as they 
arch around the esophagus  [  1  ] . Upon emerging 
from the tendinous origin of the right crus, the 
muscle  fi bers form two ribbon-like bundles sepa-
rated by connective tissue. The dorsal bundle 
forms the left limb of the right crus (thoracic 
aspect) and the ventral bundle becomes the right 
limb (abdominal aspect) of the right crus. As they 
approach the hiatus, the muscle  fi bers diverge 
and cross each other in a scissor-like fashion with 
the ventral bundle passing to the upper right 
region and the dorsal bundle passing to the upper 
left region. The lateral  fi bers of each hiatal limb 
insert directly into the central tendon of the 
diaphragm but the medial  fi bers, which form the 
hiatal margins, incline toward the midline and 
decussate with each other in a trellis-like fashion 
in front of the esophagus  [  1  ] .  
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 Under normal circumstances, the esophagus 
is anchored to the diaphragm such that the 
stomach cannot be displaced through the hiatus 
into the mediastinum. The main restraining 
structures are the phrenoesophageal ligaments, 
alternatively referred to as the phrenoesophageal 
membrane, and an aggregation of posterior struc-
tures including the vagus nerve and radicals of 
the left gastric vein and artery  [  3,   4  ] . The phre-
noesophageal membrane is formed from the 
fascia transversalis on the under surface of the 
diaphragm and, to a lesser degree, fused ele-
ments of the endothoracic fascia. This elastic 
membrane inserts circumferentially into the 
esophageal musculature, close to the squamoco-
lumnar junction (SCJ), and extends for about a 
centimeter above the gastroesophageal junction 
 [  5  ] . Thus, the axial position of the SCJ is normally 
within or slightly distal to the diaphragmatic 
hiatus and surrounded by the CD  [  6  ] . In addition 
to its role of maintaining  fi xation of the esoph-
agogastric region to the diaphragm, the phrenoe-

sophageal membrane also closes the potential 
space between the esophagus and the diaphragm 
making it a key structure to consider in the patho-
genesis of hiatus hernia  [  6,   7  ] .  

   Mobility of the Esophagogastric 
Junction 

 The anatomic relationship of the distal esophagus, 
hiatus, and stomach is not static. Rather, it is 
altered with contraction of the longitudinal layer 
of the esophageal muscularis propria because this 
is associated with esophageal shortening and the 
distal end must elevate with shortening. With this 
elevation, the phrenoesophageal membrane is 
stretched and the EGJ transiently elevates above 
the hiatus. Thus, “physiological herniation” occurs 
during primary peristalsis, secondary peristalsis, 
esophageal distention, and transient LES relax-
ation since in each case the gastric cardia tents 
through the diaphragmatic hiatus  [  8,   9  ] . In fact, it 

  Fig. 51.1    The most 
common anatomy of the 
diaphragmatic hiatus in 
which the muscular 
elements of the crural 
diaphragm derive from the 
right diaphragmatic crus. 
The right crus arise from 
the anterior longitudinal 
ligament overlying the 
lumbar vertebrae. Once 
muscular elements emerge 
from the tendon, two  fl at 
muscular bands form that 
cross each other in 
scissor-like fashion, form 
the walls of the hiatus, 
and decussate with each 
other anterior to the 
esophagus. From B.M. 
Jaffee. Atlas of esopha-
geal diseases, 2nd ed.
Philadelphia: 
CurrentMedicine; 
2002:223–42 with 
permission         
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is this profound mobility of the EGJ that makes it 
so dif fi cult to standardize the assessment and mea-
surement of a sliding hernia (corresponding to 
type I, see below). Furthermore, since much of the 
axial motion of the EGJ occurs in the setting of a 
closed esophageal lumen, it is not readily detect-
able using imaging modalities such as endoscopy 
or barium contrast radiography that require an 
open, distended lumen to assess EGJ position. 
There lies a substantial part of the dif fi culty in the 
assessment of sliding hernia; the assessment itself 
is greatly in fl uenced by the method of measure-
ment. What is demonstrable radiographically is 
different from what is demonstrable endoscopi-
cally or manometrically. One way to demonstrate 
this limitation is to mark the position of the SCJ 
with an endoclip and then use digital imaging 
techniques to track the motion of the endoclip 
relative to  fi xed anatomical landmarks such as the 
vertebrae during standardized protocols. 

 The endoclip method has been used to quan-
tify EGJ mobility in the setting of primary peri-

stalsis  [  8,   10  ] , secondary peristalsis  [  9  ] , transient 
LES relaxation  [  11  ] , and pH electrode placement 
 [  12  ] . With each of these conditions, longitudinal 
muscle contraction leads to esophageal shorten-
ing which leads to stretch of the phrenoesopha-
geal membrane and displacement of the EGJ 
through the hiatus. However, there is no opposing 
muscle to the longitudinal muscle of the esopha-
gus to reestablish its resting length. Rather, with 
relaxation of the esophageal longitudinal muscle, 
it is the elastic recoil of the phrenoesophageal 
membrane that is then responsible for pulling the 
SCJ back to its normal position. From this 
description, one might anticipate that swallow-
related EGJ motion would be attenuated with 
sliding hernia, a condition associated with atro-
phy and laxity of the phrenoesophageal ligament. 
Figure  51.2  illustrates exactly that. Whereas nor-
mal controls exhibited an average of almost 
2.5 cm of axial motion during the swallow 
sequence, the comparable measurement was only 
1.2 cm in a group of patients with a sliding hiatus 

  Fig. 51.2    Axial mobility of the EGJ during swallow in 
normal controls and patients with type I hiatus hernia 
demonstrated by  fl uoroscopically tracking the movement 
of endoscopically placed endoclips at the squamocolumnar 
junction. Clip movements are referenced to a point on the 
vertebral column. The  green square  represents the position 
of the SCJ prior to swallow, almost 2 cm distal to the center 
of the hiatus in the normal controls and 2 cm above it in the 
case of the hernia patients. With the initiation of swallow, 
the clip elevates to the point indicated by the  yellow circle  
before luminal opening occurs. The  red circles  then indi-
cate the maximal diameter of opening achieved, signi fi cantly 

wider in the case of the hernia patients, consistent with the 
reduced compliance demonstrable in these patients. During 
closure the angle of descent is steeper with the normals than 
with the hernia patients and the  fi nal position ( magenta 
square ) is essentially the same as prior to the swallow. 
Laxity and loss of elasticity of the phrenoesophageal mem-
brane is suggested by two observations: (1) the attenuated 
axial movement of the SCJ in the hernia patients and (2) the 
 fl attening of the closure vector in the hernia patients suggest-
ing diminished elastic recoil as the longitudinal muscle of 
the esophagus relaxes post-swallow. From P.J. Kahrilas 
et al. Gastroenterology 1995;109:1818–25 with permission         
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hernia  [  10  ] . Also note in Fig.  51.2  how much 
axial EGJ motion occurs prior to luminal opening 
and subsequent to luminal closure; this motion 
would not be detectable during endoscopy or 
standard  fl uoroscopy.    

   Types of Hiatal Hernia 

 With hiatus hernia elements of the abdominal 
cavity, most commonly the stomach, are displaced 
through the esophageal hiatus of the diaphragm 
into the mediastinum. The most comprehensive 
classi fi cation scheme recognizes four types of 
hiatal hernia. With type I, or sliding hiatal hernia, 
there is a widening of the muscular hiatal tunnel 
and circumferential laxity of the phrenoesopha-
geal membrane, allowing a portion of the gastric 
cardia to herniate upward (Fig.  51.3 ). With a 
well-developed hernia, the esophageal hiatus 
abuts directly on the transverse membrane of the 
central tendon of the diaphragm and the anterior 
hiatal muscles are absent or reduced to a few 
atrophic strands  [  1  ] . The hiatus itself is no longer 

a sagittal slit but a rounded opening whose trans-
verse diameter approximates the sagittal diameter 
in size. This change in caliber of the hiatus is 
most apparent during distention  [  13  ] . Associated 
with the widening of the hiatal ori fi ce, the phre-
noesophageal membrane becomes attenuated 
and inconspicuous in comparison to its normal 
prominence. However, although thinned, the 
phrenoesophageal membrane remains intact and 
the associated herniated gastric cardia is con-
tained within the posterior mediastinum. Type I 
hiatus hernias are by far the most common type. 
The major signi fi cance of type I hernias is in their 
association with re fl ux disease. They are also the 
most dif fi cult to objectively de fi ne and, hence, 
the major focus of controversy in diagnosis.  

 The less common types of hiatus hernia, Types 
II, III, and IV are all varieties of “paraesophageal 
hernias.” Taken together, these account for, at 
most, 5–15% of all hiatal hernias  [  14  ] . Although 
these hernias may also be associated with 
signi fi cant gastroesophageal re fl ux their main 
clinical signi fi cance lies in the potential for 
mechanical complications. A type II hernia results 

  Fig. 51.3    Distinction between a sliding hiatal hernia 
(type I) and paraesophageal hernia (type II). With type I 
hernia the leading edge is the gastric cardia while with 
type II it is the gastric fundus. The SCJ maintains its 

native position in the paraesophageal hernia while it is 
displaced upward with the sliding hernia. From B.M. 
Jaffee. Atlas of esophageal diseases, 2nd ed. Philadelphia: 
CurrentMedicine; 2002:223–42 with permission         
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from a localized defect in the phrenoesophageal 
membrane while the gastroesophageal junction 
remains  fi xed to the preaortic fascia and the 
median arcuate ligament (Fig.  51.3 )  [  14  ] . The 
gastric fundus then serves as the leading point of 
herniation. Type III hernias have elements of both 
types I and II hernias. With progressive enlarge-
ment of the hernia through the hiatus, the phre-
noesophageal membrane stretches, displacing the 
gastroesophageal junction above the diaphragm, 
thereby adding a sliding element to the type II 
hernia. Type IV hiatus hernia is associated with a 
large defect in the phrenoesophageal membrane, 
allowing other organs, such as colon, spleen, pan-
creas, and small intestine to enter the hernia sac. 

 The natural history of a type II hernia is pro-
gressive enlargement so that the entire stomach 
eventually herniates, with the pylorus juxtaposed 
to the gastric cardia, forming an upside-down, 
intrathoracic stomach. Either as cause or effect, 
paraesophageal hernias are associated with 
abnormal laxity of structures normally preventing 
displacement of the stomach: the gastrosplenic 
and gastrocolic ligaments. As the hernia enlarges, 
the greater curvature of the stomach rolls up into 
the thorax. Because the stomach is  fi xed at the 
gastroesophageal junction, the herniated stomach 
tends to rotate around its longitudinal axis 
resulting in an organoaxial volvulus. Gastric 
volvulus may lead to acute gastric obstruction, 
incarceration, and perforation  [  14  ] .  

   Factors Associated with Hiatal Hernia 

   Age 

 With age the amount of elastic tissue in the phre-
noesophageal membrane progressively declines, 
increasing its laxity and increasing the risk for 
developing hiatal hernias  [  6,   7  ] . It is therefore not 
surprising that the prevalence of hiatal hernia 
increases with age  [  15  ] . Scoliosis and kyphosis, 
which are more frequent in elderly people, may 
also be involved in hiatal hernia occurrence. Thus 
axial deviation of the spine may lead to distortion 
of the sling mechanism and promote herniation. 
Almost one-third of patients with giant parae-

sophageal hernia exhibit a scoliosis  [  16  ] . 
Interestingly, an association between size of the 
hernia and the degree of kyphosis was found 
among women but not men  [  17,   18  ] . However 
more women were included in these studies and 
osteoporotic vertebral fractures represent an 
important cause of kyphosis, lesions more frequent 
in post-menopausal women. Osteoporotic frac-
tures were also independently associated with the 
presence of hiatal hernia  [  18,   19  ] .  

   Obesity 

 Epidemiological data substantiate a positive asso-
ciation between body mass index (BMI) and 
hiatal hernia  [  20–  22  ] . A recent meta-analysis 
found an odds ratio (95% CI) of 1.93 (1.10–3.39) 
for hiatal hernia in subjects with a BMI > 25 kg/
m 2  with the risk increasing in parallel with BMI 
 [  15  ] . In a case-control study of patients who 
underwent upper gastrointestinal endoscopy the 
relative risk to present an endoscopic hiatal her-
nia was 1.9 (95% CI 1.1–3.2) in normal BMI 
(20–25 kg/m 2 ) subjects, 2.5 (95% 1.5–4.3) in 
overweight (25–30 kg/m 2 ), and 4.2 in obese 
(95% CI 2.4–7.6) compared to thin patients 
(BMI < 20 kg/m 2 ) ( p  for trend <0.01). Nevertheless, 
other studies have failed to  fi nd a relationship 
between hiatal hernia and BMI  [  17,   23  ] . 

 The role of obesity in the development of 
hiatal hernia is supported by physiological studies 
 [  24,   25  ] . Obesity may induce a mechanical dis-
ruption of EGJ by promoting an axial separation 
between the LES and the extrinsic CD. Using 
high-resolution manometry Pandol fi no et al .  
showed a signi fi cant increase in LES and CD 
separation when normal BMI subjects were 
compared to overweight or obese subjects  [  24  ] . 
Intra-abdominal pressure was correlated to BMI 
and waist circumference and the intra-abdominal 
pressure may promote hiatal hernia. Smith et al .  
found that power athletes could induce hiatal 
hernia when they increased their intra-abdominal 
pressure by straining using a weight-lifting belt 
 [  26  ] . Thus the abdominal pressure stress may 
cause proximal displacement of LES and lead to 
LES to CD separation.  
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   Paraesophageal Hernias: Iatrogenic, 
Traumatic, or Congenital Etiology 

 Although the etiology of paraesophageal hernias 
is usually unclear, iatrogenic, traumatic, and 
congenital causes are suspected. Paraesophageal 
hernia is a recognized complication of surgical 
dissection of the hiatus as occurs during antire fl ux 
procedures, esophagomyotomy, or partial gast-
rectomy. It could also be a consequence of thoraco-
abdominal trauma. Thus the most common cause 
of traumatic diaphragmatic hernia is blunt tho-
raco-abdominal trauma such as occurs in road 
traf fi c accident or falls from height  [  27  ] . The left 
hemidiaphragm is more commonly susceptible 
to blunt injuries probably due to the protective 
effect of the liver for the right hemidiaphragm. 
Some cases present symptomatically months to 
years following the injury. 

 Finally, congenital defect represents the most 
common cause of paraesophageal hernia in chil-
dren  [  28  ] . It occurs most likely because of absent 
or abnormally lax anatomic anchors of the stomach 
and EGJ and paraesophageal defect. This can be 
associated with other malformations such as 
intestinal malrotation.   

   How to Diagnose Hiatal Hernia? 

   Radiology 

 The radiographic demonstration of a sliding 
hiatus hernia is usually done in the setting of a 
barium swallow examination (Fig.  51.4 ). In order 
to demonstrate the relative positions of the EGJ 
and the diaphragmatic hiatus, the positions of 
these structures must be visible radiographically, 

  Fig. 51.4    Sliding hiatus hernia viewed radiographically 
during swallowing. The A ring is a muscular ring visible 
during swallowing which demarcates the superior margin 
of the LES. Physiologically, the A ring corresponds to the 
highest pressure zone within the LES. The B ring at the 
squamocolumnar junction is present in only about 15% of 
individuals and allows for accurate division of the phrenic 
ampulla into the esophageal vestibule (A ring to B ring, 
 dashed bracket ) and the sliding hiatus hernia (B ring to 
the subdiaphragmatic stomach,  black bracket  on the  left 
panel ). By convention the distinction between normal and 

hiatus hernia is a  ³ 2 cm separation between the B ring and 
the hiatus. This distance is indicated by the  black bracket  
in the image on the left, obtained early in the swallow 
sequence, and the  white bracket  in the image on the right, 
obtained late in the swallow sequence. The  black bracket  
from the left image is superimposed on the right making 
the point that size estimate of a sliding hiatus hernia will 
vary depending on when in the swallow sequence the 
measurement is made. Rugal folds traversing the hiatus 
support the conviction that a portion of the stomach is 
supradiaphragmatic       
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which means the esophagus must be distended 
with consequent shortening and displacement of 
the EGJ. As shown in Fig.  51.4  two rings are 
de fi ned radiologically. The A ring is a muscular 
ring visible during swallowing which demarcates 
the superior margin of the LES. Physiologically, 
it corresponds to the highest pressure zone within 
the LES. The B ring corresponds to the SCJ. 
A separation greater than 2 cm between the B 
ring and the diaphragmatic hiatus is required to 
de fi ne a sliding hiatal hernia  [  29  ] . Lesser magni-
tudes of separation are attributed to physiologic 
herniation. However, the B ring is only demon-
strable in about 15% of individuals. Commonly, 
an A ring, but not a B ring, is evident in which 
case the limits of the measurement de fi ning hiatus 
hernia become arbitrary. In the absence of a B 
ring, the globular structure seen radiographically 
that forms above the diaphragm and beneath the 
tubular esophagus during deglutition is more 
accurately termed the phrenic ampulla. In such 
cases, the demonstration of rugal folds traversing 
the diaphragm is used as the de fi ning criterion. 
Alternatively, a B ring but not an A ring may be 
evident in which case it is easy to apply the  ³ 2 cm 
B ring to hiatus criterion for de fi ning a sliding 
hiatus hernia. Parenthetically, in instances in 
which the B ring is of such prominence that the 
luminal diameter is less than 13 mm it is termed 
a Schatzki ring.  

 Another limitation of the radiographic assess-
ment of the size of a type I hiatus hernia is illus-
trated in Fig.  51.4 . The two panels in Fig.  51.4  
are sequential images in the same individual 
taken during the course of a single swallow. The 
size estimate of the hernia will be about 1 cm dif-
ferent depending upon whether it is made from 
the image at the left of Fig.  51.4 , taken early in 
the peristaltic sequence or the image on the 
right, taken near its termination. And then, of 
course, if the measurement could be taken 
between swallows, the size estimate would be 
even less. Furthermore, being a part of the dia-
phragm, the hiatus is both at the focal point of the 
complex pressure dynamics of respiration and 
exposed to the positive abdominal to mediastinal 
pressure gradient that acts to extrude the abdom-
inal contents into the chest. Hence, it is not 

surprising that with the addition of abdominal 
compression during barium swallow imaging, 
the frequency of identi fi cation of type I hiatus 
hernia dramatically increased to 55% in a report 
of 955 patients studied  [  30  ] . 

 Largely because of the inherent subjectivity in 
the radiographic criteria for de fi ning type I hiatal 
hernia, estimates of prevalence vary enormously, 
from 10 to 80% of the adult population in North 
America  [  14  ] . In marginal instances, type I hiatal 
hernia is simply an exaggeration of the normal 
phrenic ampulla making its identi fi cation entirely 
dependent on measurement technique. Only 
when a sliding hiatal hernia enlarges further, such 
that >2 cm of gastric pouch is herniated upward, 
is its presence obvious because gastric folds are 
evident traversing the diaphragm both during 
swallow-induced shortening and at rest. Thus in 
practical terms, unless a strict protocol for 
measurement is tightly adhered to, the identi-
 fi cation of type I hernias less than 3 cm in size 
with barium swallow radiography is unreliable. 
Furthermore because of a lack of standardization 
in the convention of when the size measurement 
of a type I hernia is taken with respect to degluti-
tive esophageal shortening, the magnitude of the 
size estimate has an inherent 2 cm error.  

   Endoscopy 

 In general, there has been little uniformity or 
rigor applied to the assessment of sliding hiatus 
hernia with endoscopy. Sliding hiatus hernia is 
diagnosed when the apparent separation between 
the SCJ and the diaphragmatic impression is 
greater than 2 cm as measured using the hash 
marks on the endoscope (spaced 5 cm apart) rela-
tive to the incisors (usually obscured by an opaque 
bite block). The accuracy and reproducibility of 
such measurements have not been tested, but are 
conceptually vulnerable to the same limitations 
as measurements made during barium swallow 
radiography. Added confounding in fl uences are 
Barrett’s metaplasia that makes it more dif fi cult 
to ascertain the location of the native SCJ, an 
extremely patulous hiatus that makes it 
dif fi cult to precisely localize the CD, and excess 
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insuf fl ation of the stomach that might exaggerate 
the apparent size of the hernia. The variability in 
endoscopic interpretation of signs consistent with 
re fl ux (including hiatus hernia) was recently the 
subject of an experiment in which 120 endosco-
pists were asked to interpret the identical 2-min 
video of an upper endoscopy. Half of the partici-
pants were given a patient history consistent 
with re fl ux and the other half a patient history of 
epigastric pain; 42% of the group given the re fl ux 
history reported endoscopic  fi ndings consistent 
with re fl ux as opposed to only 12% given a his-
tory of epigastric pain  [  31  ] . 

 Another approach to the endoscopic grading of 
sliding hiatus hernia is to assess the appearance of 
the EGJ from a retro fl exed position and to incor-
porate an assessment of hiatal integrity along with 
the assessment of axial displacement. The pro-
gression from normal anatomy to type I hernia 
was well illustrated in an analysis of “ fl ap valve” 

integrity as a predictor of re fl ux symptoms 
(Fig.  51.5 )  [  33  ] . That analysis concluded that both 
re fl ux symptoms and EGJ competence (assessed 
in a postmortem experiment) were directly corre-
lated to  fl ap valve grade. Note that in Fig.  51.5 , 
only the grade IV  fl ap valve constitutes a sliding 
hiatal hernia as the SCJ is still at or below the 
level of the hiatus in types I, II, and III. 
Differentiating among these types depends on a 
subjective assessment of cardia integrity, the 
reproducibility of which has yet to be demon-
strated. An attempt at objectifying that assessment 
utilized image analysis software to quantify the 
circumference of the gastric cardia using the size 
of the endoscope traversing the EGJ in the same 
image as a reference to correct for magni fi cation 
 [  34  ] . That analysis of 273 endoscopies found a 
direct relationship between the magnitude of the 
cardia circumference as viewed in retro fl exion 
and the presence (and severity) of GERD.  

  Fig. 51.5    Endoscopic appearance and corresponding 
three-dimensional representation of the progressive ana-
tomic disruption of the gastroesophageal junction as occurs 
with the development of a type I hiatus hernia. In the grade 
I con fi guration, a ridge of muscular tissue is closely approx-
imated to the shaft of the retro fl exed endoscope. With a 
grade II con fi guration the ridge of tissue is slightly less well 
de fi ned and there has been slight orad displacement of the 
squamocolumnar junction along with widening of the angle 
of His. In the grade III appearance the ridge of tissue at the 

gastric entryway is barely present and there is often 
incomplete luminal closure around the endoscope. Note, 
however, that this is not a hiatal hernia because the SCJ is 
not displaced axially in the endoscopic photograph. With 
grade IV deformity, no muscular ridge is present at the 
gastric entry. The gastroesophageal area stays open all the 
time, and squamous epithelium of the distal esophagus can 
be seen from the retro fl exed endoscopic view. A hiatus 
hernia is always present with grade IV deformity. From 
L.D. Hill et al. Contemp Surg 1994;44:1 with permission         
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 In summary, there has been little study of the 
sensitivity or reproducibility of the endoscopic 
grading and measurement of sliding hiatus hernia. 
What information does exist suggests that endos-
copy suffers from similar limitations to barium 
swallow radiography but is probably even more 
subjective because of additional confounding 
factors. Bits of recent data suggest that endos-
copy may provide valuable information regard-
ing the appearance of the EGJ during retro fl exed 
imaging, but this requires further study. Thus in 
practical terms, unless a strict protocol for measure-
ment is tightly adhered to, the identi fi cation of 
type I hernias less than 3 cm in size with endos-
copy is unreliable. Furthermore because of a lack 
of standardization in the convention when the 
size measurement of a type I hernia is taken with 
respect to entry, exit, and the extent of gastric 
distention, the magnitude of the size estimate has 
an inherent 2 cm error.  

   High-Resolution Manometry 

 Manometric landmarks of the EGJ are different 
than either endoscopic or radiographic land-
marks. The most notable features are (1) that 
intragastric pressure is greater than intraesopha-
geal pressure, especially during inspiration, (2) 
that the high pressure zone of the EGJ has both 
tonic (LES) and phasic (CD) components, and 
(3) that respiration causes both intraluminal 
pressure changes and relative movement between 
pressure sensors and structural components of 
the EGJ. Thus, as one withdraws a catheter 
across the EGJ from the stomach, inspiration is 
associated with pressure augmentation when 
below the diaphragm and a fall in pressure when 
above it. The location at which this shift is 
referred to as the pressure inversion point and, 
in the simplest case, this is the level of the CD. 
However, great variability exists among indi-
viduals in (1) the magnitude of LES pressure, 
(2) the magnitude of pressure augmentation 
associated with CD contraction, (3) the magni-
tude of difference between intragastric and 
intraesophageal pressure, and, most importantly, 
(4) axial separation between the LES and the 

CD. Hence, an inspiratory decrease in pressure 
can be indicative of a supradiaphragmatic loca-
tion or it can result from movement within a 
high pressure zone from a locus of higher pres-
sure to a locus of lower pressure. Thus, the pres-
sure inversion point, an essential landmark in 
the de fi nition of a sliding hiatal hernia, can mean 
more than one thing and is an inherently unreli-
able measurement. 

 By utilizing many closely spaced manometric 
pressure sensors and interpolating between adja-
cent sensors, high-resolution manometry with 
topographic plotting methods depicts the axial 
pressure pro fi le of the EGJ in real time. Evident 
in Fig.  51.6 , this facilitates the localization and 
quanti fi cation of the CD contraction within the 
EGJ  [  35  ] . In the normal individual (type I) the 
CD effect is directly superimposed on the LES 
resulting in substantial pressure augmentation 
during respiration, the extremes of which are 
illustrated in the spatial pressure variation plots 
in the lower panels of Fig.  51.6 . One even 
appreciates that the LES and CD are tethered 
together by the downward displacement of the 
EGJ high pressure zone with inspiration.  

 The right panels of Fig.  51.6  illustrate an 
example of low-grade disruption of the EGJ (type 
II) such that there is quanti fi able separation 
between the CD and the LES, but the magnitude 
of this separation is insuf fi cient to constitute a 
sliding hernia because the pressure minimum 
between peaks (lower panel) remains above gas-
tric pressure and luminal closure is maintained 
along the entire length from above the LES to 
below the CD. Of all of the methods for assessing 
sliding hiatus hernia, high-resolution manometry 
is the only one capable of reliably detecting this 
condition, the intermediate stage between normal 
and overt sliding hiatus hernia. 

 Progressive disruption of the EGJ results in 
further separation of the CD and LES and an 
overt sliding hiatus hernia (Fig.  51.7 ). When this 
separation exceeds about 2 cm, the pressure 
minimum between peaks in the spatial pressure 
variation plots (lower panels) is at or below gastric 
pressure. Also note the laxity of the  fi xation 
between the LES and the diaphragm. No longer 
does the LES pressure band exhibit downward 
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displacement with inspiration. The distinction 
between a type IIIa and type IIIb hernia is in the 
position of the respiratory inversion point (RIP). 
The RIP was de fi ned as the axial position along 
the EGJ at which the inspiratory EGJ pressure 
became less than the expiratory EGJ pressure. 
Conceptually, this is the position at which the 
external EGJ environment switches from intra-
abdominal to intra-mediastinal pressure. With 

type IIIa this is still at the proximal boundary of 
the CD whereas with a type IIIb hernia, the hiatus 
is so patulous as to never seal off the hernia pouch 
from the stomach with consequent migration of 
the RIP to the proximal margin of the LES.  

 In summary, high-resolution manometry 
objecti fi es the assessment of sliding hiatus her-
nia. For the  fi rst time, it offers a means to com-
plete the continuum from normal to overt sliding 

  Fig. 51.6    High-resolution manometry examples of EGJ 
pressure morphology subtypes primarily distinguished 
by the extent of lower esophageal sphincter–crural 
diaphragm (LES–CD) separation. The upper plot in each 
panel is a pressure topography representation of the 
pressure changes spanning from the distal esophagus, 
across the EGJ, and into the proximal stomach during 
several respiratory cycles. The pressure scale is shown at 
the right. The lower plots illustrate a series of spatial 
pressure variation plots at the instants of peak inspira-
tion ( dark gray ) and expiration ( light gray ) correspond-
ing to the times marked I and E on the upper panels with 
pressure magnitude on the  x -axis and axial location 

along the  y -axis. The location of the respiratory 
inversion point (RIP) is shown by the horizontal dashed 
line. Type I is characterized by complete overlap of the 
CD and the LES with a single pressure peak in the 
spatial pressure variation plots during both inspiration 
and expiration. The RIP lies at the proximal margin of 
the EGJ. Type II is characterized by minimal, but 
discernible, LES–CD separation making for a double 
peaked spatial pressure variation plot, but the nadir pres-
sure between the peaks was still greater than gastric 
pressure. The RIP is within the EGJ at the proximal 
margin of the CD. From J.E. Pandolfi no et al. Am J 
Gastroenterol 2007;102:1056–63 with permission         
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hernia by detecting intermediate grades of EGJ 
disruption. It also offers a means for prolonged 
observation permitting the assessment of inter-
mittent herniation in some individuals  [  36  ] . Using 
high-resolution manometry with topographic 
plotting, three major subtypes of EGJ pressure 
morphology are demonstrable (Figs.  51.6  and 
 51.7 ): type I with the CD completely superim-
posed on the LES, type II with 1–2 cm separation 
between the two, and type III with greater than 
2 cm separation. In a recent analysis, it was noted 
that EGJ type III was rarely found in asymptom-
atic controls or functional heartburn patients but 

was a frequent  fi nding in GERD patients demon-
strating the clinical signi fi cance to this diagnostic 
approach  [  37  ] .   

   Clinical Presentations of Hiatus Hernia 

 Hiatus hernia is a frequent condition which may 
or may not be symptomatic. It was listed as primary 
or secondary hospitalization cause in 142 of 
10,000 inpatients in the US between 2003 and 
2006  [  38  ] . Sliding hernia may be associated with 
gastro-esophageal re fl ux symptoms or dysphagia. 

  Fig. 51.7    EGJ type IIIa was de fi ned when LES–CD 
separation was >2 cm at inspiration. This is the high-
resolution manometry signature of hiatus hernia. Two 
subtypes were discernible, IIIa and IIIb, with the distinc-
tion being that the respiratory inversion point was proxi-
mal to the CD with IIIa and proximal to the LES in IIIb. 

The shift in respiratory inversion point is likely indicative 
of a grossly patulous hiatus, open throughout the respira-
tory cycle. Minimal EGJ pressure increase re fl ecting CD 
contraction is observed during inspiration with either 
type. From J.E. Pandolfi no et al. Am J Gastroenterol 
2007;102:1056–63 with permission         
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Paraesophageal hernias are either asymptomatic 
or associated with vague, intermittent symptoms. 
When present, symptoms are generally related to 
ischemia or either partial or complete obstruc-
tion. The most common symptoms are epigastric 
or substernal pain, postprandial fullness, subster-
nal fullness, nausea, and retching. Hiatal hernia is 
also responsible for bleeding and chronic iron 
de fi ciency anemia  [  39  ] . Gastrointestinal bleeding 
is a consequence of Cameron lesions.  [  40  ] . These 
linear gastric ulcers or erosions occur on the 
gastric mucosal folds traversing the diaphragm in 
patients with large hiatal hernia. 

   Gastro-Esophageal Re fl ux Disease 

 Hiatal hernia may promote re fl ux by numerous 
mechanisms. The antire fl ux barrier is altered 
by the separation of the LES and the CD. The 
widening of the esophageal hiatus also impairs 
the CD’s ability to function as a sphincter. Acidic 
gastric juice is contained in the hiatal sac and 
may then re fl ux into the esophagus. Finally the 
position of the acid pocket is modi fi ed by the 
presence of hiatal hernia and may promote acid 
re fl ux. 

 Anatomical separation of the LES and the CD 
leads to an altered pressure pro fi le and impaired 
antire fl ux barrier function of the EGJ  [  5  ] . Thus, 
the pressure decreases at the level of the EGJ 
along with the length of functional EGJ. 
Bredenoord et al .  observed that in patients with a 
small hiatal hernia spatial dissociation of the 
LES and CD occurred intermittently and that 
spatial dissociation correlated in time with 
increased acid re fl ux  [  36  ] . Hiatal hernia size is 
the dominant determinant of esophagitis pres-
ence and severity in GERD  [  41  ] . Increasing the 
size of the hernia is associated with increasing 
esophageal acid exposure and prolonged acid 
clearance time  [  42  ] . 

 Mechanical properties of EGJ are also 
modi fi ed by the presence of hiatal hernia. In some 
patients with hiatal hernia dilation of the crural 
aperture may result in increased EGJ compliance 
and wider opening diameter during relaxation  [  13  ] . 
This change of EGJ compliance increases the 

risk of having liquid re fl ux and may contribute to 
the increased acid exposure observed in patients 
with hiatal hernia  [  43  ] . 

 The hiatal sac can also function as a reservoir 
of potential re fl uxate. During periods of low 
sphincter pressure ingested liquid can re-re fl ux 
from the hiatal sac into the esophagus  [  44,   45  ] . 
Indeed low LES pressure, impaired clearance, 
and accumulation of gastric contents in the hiatal 
sac facilitate re fl ux during swallow-induced LES 
relaxation. 

 Finally the position of acid pocket may also 
play a role in the genesis of acid re fl ux in patients 
with hiatal hernia. Indeed, the presence of hiatal 
hernia determines the position of the acid pocket. 
Beaumont et al .  showed that the acid pocket 
extended continuously above the diaphragm in 
40% of patients with large hiatal hernia (>3 cm) 
and migrated intermittently above the diaphragm 
in the remainder  [  46  ] . At the opposite extreme 
the acid pocket was located immediately distal to 
the SCJ in healthy volunteers and patients with 
small hiatal hernia. In the same study acid re fl ux 
during a transient LES relaxation occurred more 
often in patients with a hiatal hernia especially in 
those with large hiatal hernia and the risk of having 
acid re fl ux was mainly determined by the position 
of the acid pocket above the diaphragm.  

   Dysphagia 

 The role of paraesophageal hernia in the genesis 
of dysphagia is easy to understand. The stomach 
herniated through the hiatus may exert compres-
sion of the distal esophagus and thus cause an 
extrinsic mechanical obstruction. Sliding hiatus 
hernia may also promote dysphagia. In some 
patients barium swallow shows stasis of contrast 
in the hiatal sac which re fl ects impaired clear-
ance. As previously mentioned (Fig.  51.2 ) esoph-
ageal shortening and recoil of phrenoesophageal 
ligament during the swallowing sequence are 
impaired in patients with hiatal hernia. The recoil 
of the phrenoesophageal ligament is important 
for emptying of the distal esophagus  [  47  ]  and its 
impairment in case of hiatus hernia may explain 
dysphagia. 
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 Hiatal hernia also represents a cause of func-
tional obstruction at the EGJ  [  48  ] . Using high-
resolution manometry in patients with unexplained 
dysphagia and sliding hernia, Pandol fi no et al .  
observed a reduced CD relaxation pressure asso-
ciated with an increased intra-bolus pressure 
(IBP)  [  49  ] . As illustrated in Fig.  51.8  the IBP 
within the hernia is elevated as a consequence of 
functional obstruction localized to CD. This pat-
tern was encountered in hiatal hernia patients 
with dysphagia but not in hiatal hernia patients 
with re fl ux symptomatology. Therefore sliding 
hiatus hernia seems to be a heterogeneous condi-
tion associated either with functional obstruction 
and/or with impairment of antire fl ux barrier. The 
functional obstruction localized to CD would be 

a manifestation of a tight hiatal canal whereas the 
impairment of antire fl ux barrier would be more 
likely associated with widening hiatus.    

   Conclusion 

 Hiatus hernia is de fi ned by the herniation of the 
stomach through the hiatal canal. The pathophys-
iology of hernia is associated with widening of 
the diaphragmatic hiatus and axial disruption 
between LES and CD as a consequence of the 
laxity of the phrenoesophageal ligaments. The 
presence of stomach pouch in the thorax can be 
appreciated with radiography or endoscopy. 
Esophageal high-resolution manometry with 

  Fig. 51.8    Example of a hiatus hernia patient with 
abnormal deglutitive esophago-gastric junction (EGJ) 
relaxation attributable to distinct abnormalities within 
the EGJ. The swallows are presented as landscape plots to 
better illustrate the pressure gradients spanning the esoph-
agus and proximal stomach. The two components of the 
EGJ, the lower esophageal sphincter (LES) and the 
crural diaphragm (CD), are distinct as two separate high 

pressure zones. This pattern de fi nes the hiatal hernia. The 
relaxation pressure of the EGJ is elevated (17 mmHg) 
despite a normal LES relaxation depicted in the oval. The 
intra-bolus pressure (IBP) within the hernia localized by 
the rectangle is increased secondary to the obstruction 
created by the CD contraction. This increased IBP is 
responsible of the elevated EGJ relaxation pressure. From 
J.E. Pandolfi no. Surgery 2010;147:57–64 with permission         
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pressure topography plotting is more precise to 
localize and quantify the individual physiological 
elements of the EGJ especially in case of small 
sliding hiatus hernia. The main symptoms that 
are GERD and dysphagia are explained by the 
disruption between LES and CD and by the size 
of the hiatal canal. In the case of severe symp-
toms a surgical correction of the anatomic abnor-
malities should be considered to restore normal 
physiology of the EGJ.      
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   Introduction 

 Psychogenic dysphagia is a swallowing condition 
which may be acute or chronic and is typically 
diagnosed in an individual with a fear of swallow-
ing when no structural or organic disease is found 
upon complete evaluation. Psychogenic dysphagia 
is not well understood and therefore has received 
little attention in the literature focused on abnor-
malities of swallowing. Psychogenic dysphagia 
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is a very rare swallowing condition but could be 
very traumatic for the patient and result in a 
decreased quality of life.  

   Terminology 

 Several different terms have been used to describe 
this swallowing condition with a suspected psycho-
genic origin, for example  choking phobia   [  1–  3  ] , 
g lobus hystericus   [  4–  7  ]  , hysterical dysphagia   [  8,   9  ] , 
 phagophobia   [  10  ] , and  pseudodysphagia   [  11  ] .  

   Symptoms 

 Symptoms found to be associated with psycho-
genic dysphagia were dif fi culty in initiating the 
swallow and avoidance of swallowing speci fi c 
food,  fl uids, or pills resulting in malnutrition, and 
weight loss  [  4,   5,   8,   10,   12,   13  ] . However, the 
most obvious and also most frequently noted 
symptom in a swallowing condition of psycho-
genic origin was fear of swallowing, because 
swallowing was associated with fear of choking 
incidents.    Other common symptoms in patients 
with this condition are complaints of globus, gen-
eral dif fi culties in swallowing, and breathing 
problems  [  10,   11  ] . Finkenbine and Miehle  [  4  ]  
described globus as both a manifestation of a 
physiological disorder and of psychiatric illness. 
Bradley and Narula  [  11  ]  described the sensation 
of a “lump” or “fullness” localized to the throat 
in association with globus hystericus, hysterical 
dysphagia, or pseudodysphagia. The condition 
could be a form of conversion disorder and is 
described as a:

  ‘primary globus pharyngeus’ when there was no 
evident cause, or ‘secondary globus pharyngeus’ 
when the etiology was detectable. (p. 689)   

 Abnormal oral behaviors (e.g., repeated devi-
ant tongue movements) and a feeling of throat 
pressure may be other possible symptoms associ-
ated with a dysphagia with psychogenic origin. 

 Patients with psychogenic dysphagia may 
suffer from anxiety and depression, as an uncon-
scious process in which psychological con fl icts 

and anxiety would be transformed into somatic 
symptoms. There are also speculations that psy-
chogenic dysphagia should be considered a  con-
version disorder . Other theories suggested that 
persons suffering from psychological con fl icts 
could, as an attempt to reduce unacceptable 
emotional responses, instead convert them into 
more acceptable physical manifestations  [  4,   14  ] . 

 Nicholson et al.  [  15  ]  in 2010 note that psycho-
genic dysphagia is a problematic diagnosis as the 
psychological mechanism and presentation dif-
fers from the conscious simulation. In a case 
study by Okada et al.  [  16  ]  six children with 
phagophobia have been analyzed according to 
psycho-pathology and current treatment. Their 
results indicated that evaluation of premorbid 
personality is crucial to the prognosis. The 
authors point out the importance to clarify the 
disorder according to psycho-pathology and 
describe two different types: (1) post-traumatic 
type and (2) gain-from-illness type, this 
clari fi cation is of importance to be able to pro-
vide the right treatment. In an older study from 
1935 Kanner and colleagues  [  17  ]  discussed that 
dysphagia may be a primary conversion disorder. 
An example is a 12-year-old boy who developed 
dysphagia to solid foods due to physical abuse 
from his father for eating improperly. At the 
Diagnostic Center of Imaging and Functional 
Medicine at Malmö University Hospital, Malmö, 
Sweden, we encountered similar cases. An anec-
dotal case was a middle aged woman who pre-
sented with fear of initiating the pharyngeal 
swallow. She also presented an abnormal oral 
phase of swallowing during the Video fl uoroscopic 
examination (VFSE). When she was a child a 
strict grandmother forced her to always empty 
her plate. When she visited her grandmother she 
always had great fear, especially when she had to 
eat together with her. Later in life, when she was 
exposed to stress she described that it was impos-
sible for her to eat and swallow normally. After 
the VFSE she was offered dysphagia therapy 
involving eating sessions by the dysphagia clini-
cian and began therapy. During the same period 
of time she also had psychological therapy. 

 Esophageal function may be in fl uence by 
psychological factors. In 1883, Kronecker and 
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Meltzer  [  18  ]  described that esophageal contractions 
could be a result from psychological stress. It 
has been suggested that, in some cases, the oral 
and the esophageal phases of swallowing may 
react to emotional distress and psychological 
symptoms. That is, the esophagus may react with 
non-propulsive contractions not only due to emo-
tional tension, but also in some cases due to cold 
or hot food probably due to increased swallowing 
stimulation. Also, stimuli not related to inges-
tion such as intense short sounds may in fl uence 
esophageal contraction and are likely to form 
part of the defense reaction of a healthy organ-
ism  [  6  ] .  

   Prevalence of Psychogenic Dysphagia 

 Prevalence of psychogenic dysphagia is not well 
studied and is variably reported whether condi-
tions such as globus are included in this diagno-
sis. Malcolmson et al.  [  19  ]  reported that of the 
231 patients diagnosed with globus hystericus, 
only 20 % were found to have a negative clinical 
and radiological evaluation. 

 At our swallowing clinic, at the Diagnostic 
Center of Imaging and Functional Medicine, 
Malmö University Hospital, Malmö, Sweden, we 
have completed 1,844 VFSE studies during the 
years 2002–2009, and psychogenic dysphagia 
was diagnosed in 22 cases (0 01 %). The most 
common swallowing signs and symptoms noticed 
during the VFSE were as follows.  

 Fear of swallowing  10/22 
 Globus complaints  5/22 
 Oral abnormalities (such as multiple tongue 
movements with dif fi culties in propelling the 
bolus posteriorly to pass the base of the tongue 
and initiating the pharyngeal swallow) (this was 
noticed during the VFSE and the evaluation of 
the patients was not completed) 

 6/22 

 Problems in initiating the pharyngeal swallow. 
(The patient experienced a feeling of being unable 
to swallow. However at video fl uoroscopy we 
could document a normal pharyngeal swallow.) 

 8/22 

 Experienced dif fi culties in swallowing speci fi c 
consistencies 

 11/22 

 Normal pharyngeal swallow function  22/22 

 We found that our patients often experienced 
more than one swallowing symptom. In a patient 
with suspected esophageal dysfunction or com-
plaint of globus that we could  fi nd no pharyngeal 
dysfunction, recommendations were given to the 
referring physician to go on with further exami-
nations, for example, to contact either an otolar-
yngologist or a gastroenterologist. 

 Thompson and Heaton  [  20  ]  found 45 % of 
young and middle aged people have been estimated 
to suffer from symptoms of globus, often in combi-
nation with strong emotion. Another study reported 
that the symptom of choking phobia was more fre-
quent in females (two-thirds of cases) and had a 
high comorbidity with anxiety disorders. Different 
life-events such as a divorce, disease in the family, 
or unemployment, as well as traumatic eating ante-
cedents, were also frequently present  [  2  ] . 

 In 1995, Korkina and Marilov  [  21  ]  studied 
612 patients with different psychosomatic gastro-
intestinal disorders. In 70 % of these cases, 
patient relatives also had psychosomatic diseases, 
suggesting the possible in fl uence of genetic and 
environmental factors in this condition. In a 
report from the Johns Hopkins Swallowing 
Center in Baltimore, USA, Ravich et al. found 
that 13 % of the referred patients had a psycho-
genic dysphagia or globus hystericus  [  5  ] . They 
reevaluated 23 patients with the diagnoses of 
psychogenic dysphagia. The results from that 
study showed that more than half of these patients 
were subsequently found to have an underlying 
physical explanation for their swallowing prob-
lems  [  5  ] . Pharyngeal dysfunction, structural 
obstruction, or esophageal dysmotility were 
found in 15 of 23 (65 %) of these patients. 
Therefore, diagnosis of psychogenic dysphagia 
should be made with caution and after organic 
causes are ruled out. When any changes or pro-
gression of symptoms are reported, a careful re-
evaluation should promptly be performed.  

   Evaluation 

 A thorough swallowing evaluation is necessary in 
a patient with suspected psychogenic dysphagia. 
It is important to mention that a diagnosis of 
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psychogenic origin should be used with caution 
and only after thorough evaluation. A multidisci-
plinary approach is often necessary involving 
different professionals, for example neurology, 
otolaryngology, speech-language pathology, 
radiology, and gastroenterology depending on 
the patient’s symptoms. 

 A thorough medical evaluation of the patient 
suspected of having psychogenic dysphagia is 
imperative. This includes a holistic point of view 
and requires a good medical–patient relationship 
 [  22  ] . Often the patient has a positive dysphagia 
history including different complaints that may 
be associated with swallowing. As already have 
been mentioned symptoms may include a feeling 
of a lump or pressure in the throat, fear of chok-
ing, and/or the inability to swallow solids are 
symptoms often experienced by the patient. 
Therefore a careful and complete medical history 
should be the  fi rst step in the swallowing evalua-
tion  [  23  ] . It is important that the medical history 
includes the patient’s symptoms, when they occur, 
and under what circumstances. The duration of 
swallowing dif fi culty; and if there is a history 
of eating disorders, weight loss, and family 
history of dysphagia has also to be penetrated. 
After a complete history, a physical examination 
is of importance to perform to rule out any organic 
causes for the symptoms. 

 Instrumental assessment of swallowing may 
be indicated (FEES) or, VFSE to evaluate oro-
pharyngeal swallowing, and barium swallow/
esophagram to assess esophageal function. An 
abnormal oral swallowing behavior could often 
be revealed, and the pharyngeal stage function is 
normal. Such oral abnormalities may be associ-
ated with psychogenic dysphagia. Also, diffuse 
esophageal symptoms may be associated with 
psychological factors. 

 During a VFSE, a patient with suspected psy-
chogenic dysphagia may demonstrate a variety of 
different swallowing signs, for example, taking 
very small boluses, multiple tongue movements, 
and “complex oral motions such as rocking, 
swirling bunching and pumping” ( [  24  ] , p. 97). 
Also, the presence of a delay in initiating of the 
pharyngeal swallow without oral propulsion of 
bolus has been described  [  24  ] . However, in a 

study by Barofsky and colleagues  [  25  ]  they found 
that patients who complained of swallowing 
dif fi culties had a normal pharyngeal swallow on 
VFSE, with additional abnormal oral behaviors 
in some cases. 

 Instrumental techniques valuable in estab-
lishing the diagnosis of psychogenic dysphagia 
are listed in Table  52.1 . Of importance are also 
different laboratory tests to rule out distur-
bances as hypo- or hyperglycemia and thyroid 
dysfunction.  

 Communication disorders have not been found 
to be associated with psychogenic dysphagia. 
However, in a single case study of a 63-year-old 
male described as having co-existing communi-
cation  fl uency problems when speaking and swal-
lowing. He described himself as a “deglutition 
stutterer,” that is, the moment he began to swal-
low, he developed myoclonus of the tongue and 
contractions of the hypopharyngeal muscles. 
Pharyngeal spasms that developed and occurred 
in his youth had a tendency to re-emerge later in 
life in stressful situations  [  26  ] . 

 The importance of a thorough evaluation, 
speci fi cally of performing an instrumental 
examination was recommend by Stacher  [  7  ]  in 
determining the origin or the patient’s symp-
toms and complaints if a psychogenic origin 
is suspected:

  It is not justi fi able to label dysphagic symptoms, 
for which no organic etiology can be detected, as 
psychogenic or psychosomatic. Patients with such 
symptoms should be studied by means of esopha-
geal manometry and/or pH-metry to reveal the 
nature of their disorder and to enable adequate 
therapy. (p. 502)   

   Table 52.1    Instrumental examinations   

 Radiology 
 • VFSE 
 •  Hypopharynx esophagus examination 

(a morphologic swallowing examination) 
 •  Videomanometry examination for analysis of 

quantitative intraluminal pressure changes in the 
pharynx and the esophagus 

 Gastroenterology 
 • pH-metry (24 h pH recording) 
 •  Esophagogastroscopy (assessment of the 

morphology in the esophagus and stomach) 
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 The evaluation should also include psychological 
assessment. Only after a careful and comprehen-
sive evaluation can the diagnosis of psychogenic 
dysphagia be established. Jones  [  24  ]  has stated 
that the diagnosis of psychogenic dysphagia has 
to be reserved for patients with strong psycho-
logical symptoms and fear of swallowing, thereby 
avoiding misdiagnosis.  

   Treatment 

 Treatment of psychogenic dysphagia may be a 
challenge, and requires a multidisciplinary 
approach. The team may include professionals 
from psychiatry, psychology, otolaryngology, 
neurology, speech-language pathology, radiol-
ogy, and gastroenterology. (In both evaluation 
AND treatment a team approach is necessary and 
therefore it is important to mention also here.) 

 A combination of simultaneous psychological 
treatment and dysphagia therapy has been found 
to be the most effective treatment for psycho-
genic dysphagia  [  2,   27  ] . The psychological treat-
ment should include a behavior management 
program consisting of behavior modi fi cation, 
insight-oriented therapy, and family therapy. The 
dysphagia therapy should include therapeutic 
eating trials with various consistencies. Also, 
exercise programs for movements of the soft pal-
ate and tongue, relaxation, breath support, and 
functional coughing may be of importance. The 
bene fi t of behavioral techniques and the use of 
hypnosis in a single case were reported by Shapiro 
and colleagues  [  10  ] . For a successful choking 
phobia treatment psychoeducation and graded 
exposure to aversive stimuli were used and 
described by Scemes et al.  [  1  ] . 

 Behavioral therapy has been described as a 
bene fi cial and even a life-saving approach for 
hysterical behavior  [  9  ] , the importance of explain-
ing normal swallowing mechanisms, the role of 
emotions, and the use of a holistic approach have 
been emphasized by Bretan and colleagues  [  22  ] . 
Finkenbine and Miele  [  4  ]  stated that a trusting 
relationship between the patient and the clinician 
is essential. Family therapy may in some cases be 
of bene fi t according to Ober fi eld  [  28  ] . 

 From our clinical experience we have learned 
that a combination of psychological treatment 
and dysphagia therapy may be the best option for 
a successful treatment of psychogenic dysphagia 
patients. The dysphagia therapy sessions involve 
information and education regarding normal 
swallowing physiology. Such education com-
bined with breathing exercises may be valuable 
in training the coordination of breathing and 
swallowing necessary for safe swallowing. 
Another important part of the therapeutic inter-
vention that may be of bene fi t is therapeutic eat-
ing sessions. Such sessions start with the 
consistency easiest to swallow and go on with 
consistencies more and more dif fi cult for the 
patient to handle. For optimal management, close 
collaboration between the dysphagia clinician 
and colleagues in psychology and psychiatry may 
be necessary. 

 It has been reported in a couple of studies that 
in some cases of psychogenic dysphagia (choking 
phobia) pharmalogical treatment with anti-anxiety 
medications has been an effective treatment  [  2,   3  ] . 

 In the management of swallowing disorders of 
psychogenic origin surgical treatment is not an 
option. But, the literature has reported that psy-
chogenic dysphagia in rare instances result from 
surgical procedures. Nicasso and colleagues  [  9  ]  
described a 60-year-old male with post-operative 
hysterical dysphagia s/p esophagectomy and cer-
vical esophagogastrostomy secondary to esopha-
geal cancer. Post-operatively, the patient 
complained of globus, though instrumental eval-
uations revealed the patient was able to swallow 
safely and adequately.  

   Conclusion 

 Psychogenic dysphagia is a rare swallowing 
condition that may be very traumatic for the 
patient. The most frequent complaints are fear of 
swallowing and globus. At a VFSE an abnormal 
oral behavior such as repeated deviant tongue move-
ments could be observed, but the pharyngeal 
swallow is normal. A thorough evaluation must 
be completed to be able to establish the diagnosis 
of psychogenic dysphagia. A multidisciplinary 
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approach is necessary for best evaluation and 
treatment. When performing the evaluation a 
careful medical history as well as clinical and 
instrumental examinations is necessary. Also, 
laboratory tests may be a part of the evaluation. 
A combination of a dysphagia therapy and 
psychological treatment seems to be the best 
therapeutic management. It has been reported 
that anti-anxiety medications in some cases could 
be of bene fi t for the patient.      
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 Rumination refers to effortless regurgitation of 
recently ingested food from the stomach into the 
mouth, with the subsequent rechewing and 

reswallowing of the food or spitting it out of the 
mouth. There have been no epidemiological stud-
ies for rumination. The chapter authors estimate 
that 1–2% of new patients in pediatric gastroen-
terology clinic are diagnosed with rumination 
syndrome by symptom-based Rome criteria (see 
below). Rumination is frequently mislabeled as 
gastroesophageal re fl ux disease or chronic vom-
iting by those unfamiliar with the diagnosis. Once 
a clinician is educated about rumination, its dis-
tinctive history is unmistakable. There are three 
clinical presentations of rumination: (1) 
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Rumination is a characteristic of a deprivation 
syndrome of infancy. (2) In developmentally 
delayed individuals, rumination may be an enjoy-
able form of self-stimulation. (3) In otherwise 
healthy children and adults, rumination appears 
to be something like a tic or a habit. This chapter 
will explore the nuances of diagnosis and treat-
ment in all three presentations of rumination. 

   Infant    Rumination Syndrome 

   Background History 

 Emperor Frederico II, the Great, fancied himself 
not merely a warrior who swept down from the 
North to conquer Italy, but also a historian and a 
scientist. Once settled into his palace in the sub-
urbs outside Naples, Frederico designed an exper-
iment to learn the origins of the  fi rst human 
language. He sent laboratory technicians to the 
many ethnic enclaves on Sicily, because of the 
island’s rich heritage of being conquered and col-
onized by every army passing through. The lab 
techs snatched newborn infants for the experi-
ment. They brought the infants to wet nurses shel-
tered in a castle at the top of a hill. Frederico 
instructed the nurses to feed the infants well, but 
to avoid speaking to them. He expected that what-
ever language the infants spoke would be the orig-
inal language as spoken in the Garden of Eden. 
Alas, the babies became frail and weak. They 
developed a tongue-thrusting habit which was 
evident whenever they were awake. They rumi-
nated whenever no one was looking, bringing up 
recently ingested breast milk and chewing it. 
Finally they all died without uttering a word  [  1  ] . 
Frederico recognized for the  fi rst time that suc-
cessful nurturing involves not only food, but also 
a loving environment and a human relationship. 

 In the 1950s orphaned infants who were insti-
tutionalized and fed without human interactions 
developed a syndrome of progressive wasting 
and rumination. Rare urban infants with inade-
quate parenting developed rumination due to 
emotional neglect  [  2  ] . These infants stopped 
ruminating when an interactive surrogate mother 
cared for the child. Gentle holding, making eye 

contact, and speaking in soothing tones was the 
only therapy required to reverse the deterioration 
 [  3  ] . In the 1980s rumination syndrome arose in a 
few preterm infants who spent too much time in 
an incubator without human comfort  [  4  ] . 
Neonatologists and developmental pediatricians 
quickly began measures to provide daily nurtur-
ing behaviors to all preterm infants. Infant rumi-
nation is rare in developed nations. 

 In 1999, the pediatric Rome Working Team 
published diagnostic criteria for infant rumina-
tion syndrome  [  5  ] . 

 “INFANT RUMINATION SYNDROME” 
must include ALL of the following for at least 
3 months: Repetitive contractions of the abdomi-
nal muscles, diaphragm, and tongue. Regurgitation 
of gastric content into the mouth, which is either 
expectorated or rechewed and reswallowed, and 
three or more of these:
    (a)    Onset between 3 and 8 months  
    (b)    Does not improve after treatment for gastroe-

sophageal re fl ux disease, to anticholinergic 
drugs, hand restraints, formula changes, gav-
age, or gastrostomy feedings  

    (c)    It is unaccompanied by signs of nausea or 
distress  

    (d)    It does not occur during sleep or when the 
infant interacts with individuals     

 Treatment for the infant with rumination syn-
drome requires social stimulation from a surro-
gate parent(s) suf fi ciently observant and 
empathetic to recognize when the infant with-
draws and to immediately engage the infant in 
social interaction. Regurgitation did not cease 
immediately with treatment. The best indicator of 
treatment success was weight gain  [  6  ] .  

   Rumination in the Developmentally 
Delayed 

 Many developmentally delayed children make a 
habit of rumination. Rumination is assumed to be 
a pleasurable, self-stimulating pastime for the 
children who do it, because extinguishing rumi-
nation in those affected is dif fi cult. Rewarding the 
desired behavior, not ruminating, does not typi-
cally reduce the behavior. Aversive conditioning 
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(i.e., punishment) may be effective as long as the 
punishment is continued, but relapse is common 
as soon as punishment is withdrawn. 

 Years of rumination syndrome in the develop-
mentally delayed may destroy dental enamel, but 
rarely result in esophageal complications. In con-
trast, nonverbal children with cerebral palsy and 
spastic quadriplegia who lie supine for long hours 
are at high risk of developing erosive esophagitis 
due to gastroesophageal re fl ux disease. Medical 
history is usually suf fi cient to discriminate 
between these two conditions, but endoscopy 
provides objective data concerning the presence 
or absence of esophagitis.  

   Rumination in Otherwise Healthy 
Children, Adolescents, and Adults 

 As early as 1983 the diagnosis of rumination syn-
drome based on symptoms made it unnecessary 
for medical testing in this relatively benign condi-
tion  [  7  ] . Rome criteria standardized the de fi nition 
and again made testing unnecessary for those cli-
nicians who recognize the symptoms  [  8  ] . 

   Adolescent Rumination Syndrome 
 Must include ALL of the following: 

 Repeated painless regurgitation and rechew-
ing or expulsion of food that
    1.    Begins soon after ingestion of a meal  
    2.    Does not occur during sleep  
    3.    Does not respond to treatment for gastroe-

sophageal re fl ux  
    4.    No retching  
    5.    No evidence of an in fl ammatory, anatomic, 

metabolic, or neoplastic process that explains 
the subject’s symptoms     

 Criteria must be ful fi lled at least once per week 
for at least 2 months prior to diagnosis.  

   Adult Rumination Syndrome  [  9  ]  
 Must include both of the following:
    1.    Persistent or recurrent regurgitation of recently 

ingested food into the mouth and subsequent 
spitting or re-mastication and swallowing  

    2.    Regurgitation is not preceded by retching     

 Criteria ful fi lled for the last 3 months with symp-
tom onset at least 6 months prior to diagnosis. 

 The major difference in child versus adult cri-
teria is the duration of symptoms prior to diagno-
sis. Perhaps because of the disruptive impact of 
rumination syndrome in the classroom in chil-
dren and adolescents, families bring their chil-
dren to medical attention sooner than when 
rumination occurs in adults. Rather than delaying 
the diagnosis until adult duration criteria are met, 
the pediatric working team reduced the required 
symptom duration. The diagnosis should be made 
by symptom-based criteria. No diagnostic testing 
is necessary or desirable. Prompt treatment of 
rumination syndrome reduces patient symptoms 
and family anxiety that accompanies the symp-
toms and the unfamiliar diagnosis. 

 Many patients and parents behave as if they 
dislike the name of the disorder. The word “rumi-
nation” seems to confuse or bother some patients 
and families. Instead these families refer to their 
“vomiting problem,” and avoid saying the word 
rumination, even after successful treatment. For 
some patients and families to fully accept the 
diagnosis of rumination syndrome, it may be nec-
essary to refer to the symptoms by a different 
name, using the language chosen by the patient, 
or to select a word with a positive valence. One 
student suggested renaming rumination syndrome 
ABC Syndrome for “already been chewed.” 

 Rumination syndrome appeared as an isolated 
condition in about half the patients, and occurred 
together with functional dyspepsia or another 
functional disorder, such as functional abdominal 
pain syndrome, irritable bowel syndrome, or 
functional constipation, in others  [  10, 20  ] . In 
about half the patients, there was an initiating 
event that was associated with the onset of rumi-
nation. Sometimes rumination began after an 
acute gastroenteritis with vomiting. Rarely, rumi-
nation is an initial symptom in someone with an 
eating disorder. In such cases successful treat-
ment of the rumination symptom unveils the 
underlying psychopathology. 

 Most patients with rumination describe their 
regurgitation as unpredictable and out of their 
control, although episodes of rumination occur 
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following meals and never during sleep. Usually 
ruminators are unable to control rumination 
events, with no warning or nausea prior to an 
event. Nausea symptoms are typically related to 
or lead to increased autonomic arousal, which 
then increases the likelihood of rumination. 
However, a subset of school-aged ruminators are 
able to regurgitate and reswallow upon request. 
They may think of rumination as an innocent 
amusement that they control, like someone who 
can wiggle their ears. 

   Physiology 
 Rumination is considered an exaggeration of the 
belch re fl ex  [  10  ] . In adults with rumination syn-
drome, there is an increase in conscious percep-
tion with balloon in fl ation in the stomach and a 
decrease in lower esophageal sphincter pressure 
accompanied by proximal gastric distension 
compared to controls, but there was no data about 
the rumination event  [  11  ] . Presumably, as the 
voluntary muscles of the abdominal wall and dia-
phragm contract, the lower esophageal sphincter 
relaxes and gastric contents move from the higher 
pressure in the stomach to the lower pressure in 
the chest and pharynx  [  12  ] . In some patients, 
rumination is under conscious control. In those 
patients, rumination may be a learned, voluntary 
relaxation of the diaphragmatic crura. 

 Standard esophageal or antroduodenal 
manometry provides convincing diagnostic evi-
dence for patients who refuse to believe the clini-
cian’s symptom-based diagnosis. Rumination 
events are characterized by brief simultaneous 
increases in pressure in all recording sites, called 
“r-waves” or “rumination waves.” In contrast, 
true vomiting is characterized by powerful, long 
duration retrograde contractions from the small 
bowel through the stomach and up the esopha-
gus. Moreover, the vomiting re fl ex involves coor-
dinated, violent contractions of respiratory, 
pharyngeal, and abdominal skeletal muscle, while 
rumination does not  [  13  ] .  

   Differential Diagnosis 
 Naïve rumination patients typically present with 
the primary symptom of “vomiting.” With every 
history of vomiting, the clinician clari fi ed if the 

vomiting was violent or effortless. If the historian 
is unable to decide, then the clinician may ask the 
patient to act out what happens. If the patient 
hesitates, the clinician should demonstrate the 
difference  [  14  ] . 

 Clinicians unfamiliar with rumination may 
call the symptoms “gastroesophageal re fl ux.” 
However, there is no heartburn, chest pain, or 
endoscopic disease associated with rumination. 
Rumination syndrome does not respond to medi-
cal treatment for gastroesophageal re fl ux. 

 In a small number of cases, rumination may be 
the presenting symptom of bulimia nervosa. In 
such patients it is more effective to target treat-
ment of the eating disorder rather than rumina-
tion. Up to 20% of bulimic subjects ruminated 
 [  15  ] , and 17% of female ruminators had a history 
of bulimia  [  15  ] .  

   Complications 
 Children, particularly adolescents, are at risk for 
adjustment problems and psychosocial complica-
tions related to rumination. Social complications 
are common. School-aged children are often sent 
home from school for “vomiting” in the class-
room, and may stay home from school for weeks 
or months due to rumination that is neither diag-
nosed nor treated correctly. Mismanagement of 
rumination results in unnecessary procedures and 
emotional distress, as each test returns normal 
but the patient continues to suffer. Less com-
monly, students are sent home because of a belch-
ing noise that accompanies each rumination 
event, disrupting class. Adolescents may skip 
lunch or skip school to avoid the embarrassment 
associated with rumination. Some students rumi-
nate during athletic activities, limiting their par-
ticipation. Adults and adolescents may treat 
themselves by reducing their meal size and num-
ber, resulting in weight loss. 

 Gathering a complete biopsychosocial history 
is helpful in establishing whether there is medical 
and/or psychosocial comorbidity and it is an 
important step in treating patients with rumina-
tion. Many ruminators have comorbid psycho-
logical symptoms, most often related to anxiety, 
which increase autonomic arousal and likely con-
tribute to rumination symptoms. Rumination 
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syndrome may coexist with social anxiety, result-
ing in a person who cannot leave the house 
because of “vomiting”  [  10  ] . About a third of 
adult patients have a comorbid psychological 
diagnosis. An anxiety disorder is frequently asso-
ciated with poor adjustment, including sleep dis-
turbance and inability to attend school or work. 

 Excessive utilization of medical resources puts 
the patient at unnecessary risk and increases med-
ical costs. Rumination syndrome is a symptom-
based diagnosis. When recognized, it is a diagnosis 
that is made on the  fi rst clinical visit and treated 
promptly. When rumination goes unrecognized, 
there are multiple and repeated unhelpful labora-
tory tests and procedures and radiological studies 
that may occur. Each negative test increases anxi-
ety for the patient and family, who become fearful 
that something rare and serious is being missed. 
This increase in anxiety, and autonomic arousal, 
may in turn increase symptoms. 

 Occasionally patients do not accept a diagno-
sis of rumination syndrome, but insist that there 
is a digestive disease. When a patient demands a 
test before accepting the diagnosis, antroduode-
nal manometry can be utilized to demonstrate the 
“R-wave,” the manometric correlate of the rumi-
nation event. 

 Dental erosions are common, affecting 
between 2 and 5% of the population. Dental ero-
sions are de fi ned as loss of tooth enamel by a 
chemical process that does not involve bacteria, 
compared to caries which involve tooth damage 
due to bacteria. When teeth are exposed to acid 
for a prolonged time, dissolution of tooth surface 
occurs, resulting in loss of tooth substance, pain, 
and fracture. Dental erosions can be permanent, 
dis fi guring, and disabling. Therefore, if enamel 
demineralization is detected early, before changes 
become irreversible, modi fi cation in behavior, 
diet, and medication can be instituted so that the 
enamel framework can be remineralized. 

 Vomiting, regurgitation, gastroesophageal 
re fl ux disease, and rumination are all intrinsic 
sources of oral acid. There are several extrinsic 
sources of acid including diet and medication. 
Dental erosions are prominent in patients with 
rumination syndrome. However there have been 
no prospective studies con fi rming this link.  

   Treatment 
 Most otherwise healthy children and adults who 
ruminate are eager to rid themselves of the prob-
lem. The most important treatment is a behav-
ioral intervention, teaching diaphragmatic 
breathing. A clinician, often a psychologist, 
teaches the patient habit reversal techniques to 
counteract the physiological response that occurs 
during rumination. Habit reversal via diaphrag-
matic breathing has been shown to be an effec-
tive treatment for rumination among both 
children  [  16,   17  ]  and adults  [  18  ] . Diaphragmatic 
breathing achieves abdominal wall distention 
providing an incompatible response to rumina-
tion. The patient is asked to practice diaphrag-
matic breathing at home for 10 minutes two or 
three times a day with the stomach empty until 
the patient becomes comfortable with the tech-
nique. Then the patient is asked to do diaphrag-
matic breathing during and after meals. If the 
patient is doing the breathing correctly, they will 
not ruminate. This technique is also useful in 
achieving heightened relaxation, thus reducing 
autonomic arousal and gut sensitivity. Additional 
relaxation skills (e.g., imagery, muscle relax-
ation) and biofeedback can also help increase 
physiological control. 

 No medication is indicated for rumination, 
although treatment of any underlying psycholog-
ical disorder may be helpful. 

 Some adolescents with rumination symptoms 
present with weight loss and prolonged school 
absence due to food restriction.  Those severely 
affected by rumination bene fi ted from a rehabili-
tation hospitalization.  Inpatient treatment 
included habit reversal protocols, such as aware-
ness training (e.g. daily log of symptoms and 
antecedents), aversive pairing (e.g. reswallow 
emesis), and an incompatible response (e.g. dia-
phragmatic breathing).  Strategies for self-regu-
lating autonomic arousal and distraction were  
taught and encouraged.  Biofeedback was used to 
practice diaphragmatic breathing and increase 
awareness of abdominal muscle contractions 
during rumination episodes.  Oral intake was 
increased via a habituation protocol, slowly 
decreasing meal duration and increasing the 
amount of food throughout the hospital stay  [  21  ] .  
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   Fundoplication 
 If a primary care clinician refers a child with 
rumination syndrome to a surgeon, the surgeon 
may perform a gastric fundoplication to prevent 
regurgitation  [  19  ] . Five patients with rumination 
syndrome had fundoplication reported as suc-
cessful in stopping the symptom. This surgical 
approach to a functional disorder seems counter-
intuitive given that symptoms can be treated with 
noninvasive behavioral approaches. Complications 
after fundoplication for rumination syndrome 
may include postprandial retching or symptom 
substitution. Symptom substitution may occur 
when rumination is suppressed, resulting in a dif-
ferent symptom, a physical one such as a facial 
tic or a psychological one such as repeated hand 
washing.     

   Conclusion 

 Rumination syndrome is a common functional 
disorder in both sexes and all age groups. Early 
recognition is required to avoid over-medical-
ization. In most cases rumination syndrome 
resolves with diaphragmatic breathing during 
and after meals.      
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           Introduction 

 The past decade has heralded amazing advances 
in rehabilitation practices for patients with 
 swallowing impairment. Studies of neural plas-

ticity associated with general motor recovery, 
and swallowing recovery in particular, have pro-
vided clear indication that for many patient popu-
lations, there is not only hope, but evidence for, 
return of functional physiology. This new empha-
sis in research and subsequently clinical practice 
will hopefully diminish the need for long-term 
reliance on compensatory management of dys-
phagic presentations. 

 Despite this, there remains a compelling need 
to better understand the nature of compensatory 
management for those patient populations for 
whom rehabilitation is not a realistic option. In 
most patient groups, the aim of compensatory 
management is to ensure safety of oral intake and 
provide super fi cial sensory and kinaesthetic stim-
ulation during the rehabilitation process. In this 
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case, an overriding goal of rehabilitation recovery 
would be to diminish reliance on compensatory 
techniques with return to natural oral ingestion. 
A secondary aim of compensatory management 
may be to facilitate oral intake in those for whom 
rehabilitation is ineffective based on pathophysi-
ologic features, aetiology or cognitive participa-
tion, or in those for whom rehabilitation is 
contraindicated, such as in some neurodegenera-
tive disorders. In these patients groups, employ-
ment of compensatory techniques may provide 
the only safe avenue for oral ingestion and may 
require long-term integration into feeding habits. 
Compliance with long-term application of such 
techniques offers a challenge to both patients and 
clinicians and should be carefully considered in 
the context of the patient’s current and future 
place of residence, prognosis, associated health 
issues, cognition, family and caregiver support, 
personal preferences and issues of well-being 
and quality of life. 

 This chapter will address the application, 
implications and scienti fi c background of those 
compensatory techniques for which recent 
 literature exists. Many techniques that are rou-
tinely applied to patient populations are based on 
anecdotal or historical data, e.g. evidence 
reported prior to 2000. These data will be left to 
older texts or clinical discussions. Research pro-
duced within the last decade related to the capac-
ity for immediate adaptation of swallowing 
biomechanics will be included. Central to any 
presentation of clinical approaches to a patient 
population, is the caveat that dysphagic presen-
tation can be unique to the individual. The astute 
clinician will rely on research to guide clinical 
options, but will allow the needs of the patient to 
dictate the  fi nal treatment plan. Optimal man-
agement requires a thinking clinician and within-
patient exploration.  

   Sensory Stimulation Techniques 

 Perhaps the area of greatest expansion within the 
realm of compensatory mechanisms relates to the 
application of sensory modalities for modulation 
of swallowing. A broad topic, this can include 

not only sensory modulation through bolus size, 
texture, temperature and taste, but may also 
incorporate tactile, electrical and olfactory stimu-
lation. As with many compensatory techniques, 
the line between compensation and rehabilitation 
may appear obscure until further research sharp-
ens our thinking. 

   Temperature 

 Early sensory stimulation approaches consisted 
primarily of thermal stimulation or thermal tactile 
application (TTA). TTA was initially described as 
stimulation of the faucial pillars with a cold laryn-
geal mirror prior to introduction of a bolus  [  1  ] . It 
was clinically prescribed most often for delayed 
onset of pharyngeal swallow. TTA has been 
repeatedly examined over many years with stud-
ies based both on Logemann’s technique  [  1  ]  and 
on methods adapted from that initial approach 
 [  2–  7  ] . These data collectively tend to suggest a 
weak, short term effect on swallowing response 
time in some patients. Unfortunately however, 
many of these projects were hindered by our 
insuf fi cient understanding of swallowing physiol-
ogy and evaluated this sensory-based treatment in 
patients using inadequately de fi ned underlying 
pathophysiology. The key inclusion criterion for 
studies of patients with dysphagia was pre-swal-
low pharyngeal pooling. We now understand that 
this radiographic presentation may be secondary 
to either a motor problem (premature spillage 
from poor glossopalatal approximation) or a sen-
sory problem (commonly termed ‘delayed pha-
ryngeal swallow’). Given this lack of speci fi city 
in research populations, it is not surprising that 
study outcomes are less than convincing. 

 TTA was more recently evaluated as a com-
pensatory approach speci fi cally for individuals 
with dysphagia secondary to sensory impairment. 
Regan et al.  [  8  ]  reported an immediate signi fi cant 
reduction in pharyngeal swallow delay time in 13 
adults with Parkinson’s disease, following cold 
stimulation of the faucial arches. Whilst longer 
term effects were not considered in this study, the 
results provide some support for TTA in a small 
participant sample. 
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 Although not a study of the speci fi c techniques 
of TTA, another research group evaluated the 
in fl uence of temperature (5 °C, 20 °C, 35 °C, 
50 °C) on perception of swallowing ease and 
suprahyoid surface electromyography (sEMG) in 
young healthy participants  [  9  ] . These researchers 
experimentally controlled food temperature, thus 
transferring the method to bolus delivery. Food at 
50 °C was more acceptable for swallowing than 
at 5 °C, 20 °C or 35 °C. However, at the highest 
temperature, suprahyoid muscle activity during 
swallowing was reduced compared to the three 
lower temperatures. 

 While data supporting the use of TTA has not 
been particularly compelling, brain imaging does 
appear to support the principles of tactile stimu-
lation approaches. Teismann et al.  [  10  ]  evaluated 
cortical activation during swallowing following 
ice stick stimulation of the faucial arches com-
pared to a control group. Activity was detected 
during water swallowing in healthy adults using 
whole head magnetoencephalography (MEG). 
Increased activation in both brain hemispheres 
was apparent with greater excitability in the left 
hemispheric somatosensory areas. The authors 
documented heightened cortical involvement fol-
lowing TTA for both oral and pharyngeal phases 
of swallowing. The associated effect on swallow-
ing biomechanics was not investigated. An alter-
native sensory approach of applying pulses of air 
to the posterior oral cavity was evaluated by 
Lowell and colleagues  [  11  ]  using functional mag-
netic resonance imaging (fMRI) in healthy adults. 
Their detection of similar areas of brain activa-
tion under conditions of oral sensory stimulation 
and of saliva swallowing provides evidence that 
sensory techniques can stimulate the cortical 
regions that are known to contribute signi fi cantly 
during swallowing.  

   Smell 

 Given the recent emphasis in research on cortical 
modulation of swallowing, several researchers 
have investigated the in fl uence of odour on swal-
lowing. As with taste, the presentation of an 
odorant, if found to positively in fl uence oral 

ingestion, would offer compensatory options for 
patients who are unable to actively contribute to 
their own care through execution of manoeuvre 
based strategies. 

 A randomised study of 105 medically stable, 
post-stroke nursing home patients by Ebihara 
et al.  [  12  ]  assessed changes in latency of swal-
lowing re fl ex, number of swallows per minute 
and regional cerebral blood  fl ow (rCBF) follow-
ing a 30 days trial of nasal odour inhalation. 
Patients inhaled black pepper oil, lavender oil or 
distilled water for 1 min prior to each meal. 
Submental EMG measured swallowing re fl ex 
latency from the time a 1 ml water bolus was 
injected into the pharynx via nasal catheter to 
swallow initiation. Participants in the black pep-
per oil inhalation group exhibited a signi fi cant 
reduction in latency of swallowing re fl ex com-
pared to their baseline time, plus a signi fi cant 
increase in the number of involuntary swallows 
per minute. These changes were not detected fol-
lowing lavender oil or distilled water inhalation. 
Additionally, single photon emission tomography 
scans (SPECT) of rCBF were performed on a 
subset of ten participants from the black pepper 
oil group with history of aspiration pneumonia. 
These revealed increased rCBF in the orbitofron-
tal and insular area, known to be activated during 
normal swallowing, after 30 days. Black pepper 
oil inhalation has also been demonstrated to 
increase oral intake in  fi ve tube fed children with 
varied neurological disorders over a 3 months 
period  [  13  ] . Olfactory stimulation appears there-
fore to have some foundation as a viable compen-
satory technique for improving swallowing 
behaviour in a wide ranging clinical population. 
Although further research is needed to more criti-
cally de fi ne the limits of this application, it is 
foreseeable that olfactory stimulation, when pro-
vided before or during meals, and repeated over a 
longer duration may, at the very least compensate 
for impaired swallowing, and at the most offer 
some rehabilitative potential. Exposure to an 
olfactory stimulus can be presented to a passive 
patient. Thus, this is a particularly promising line 
of research when we consider patients who are 
traditionally more dif fi cult to treat effectively, 
such as the cognitively impaired.  
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   Taste 

 Gustatory stimulation as a compensatory 
approach may feasibly in fl uence swallowing bio-
mechanics via two mechanisms. Enhancement of 
taste may operate purely at bulbar levels to pro-
vide greater excitability to the nucleus tractus 
solitarius for elicitation of a swallowing response. 
Additionally, as with smell, the presentation of a 
gustatory sensory stimulus may reasonably act 
on cortical preparatory mechanisms underlying 
swallowing. 

 Early research focused primarily on the appli-
cation of a sour bolus  [  14  ] . Other research has 
followed this trend, but has expanded to compare 
and contrast sour with other classes of taste 
including sweet, bitter and salty  [  4  ] , or to differ-
entially evaluate taste relative to temperature. 
Across early studies, taste modi fi cation has been 
documented to produce a reduction in the timing 
features of swallowing. 

 More recent research has evaluated the differ-
ential effects of a cold stimulus and a sour bolus 
 [  15  ] . Reduced pharyngeal transit time (PTT) was 
reported in 30 post-stroke patients during intake 
of a combined 5-ml sour/cold paste bolus as com-
pared to no taste, sour or cold stimuli indepen-
dently. However, the median PTT of 1.58 s 
remains considerably longer than the accepted 
normal duration of  £ 1 s. 

 Pelletier and Lawless  [  16  ]  employed mixture 
suppression, adding a taste to another that will 
mask it to some degree, in a study of the effect of 
a sweet-masked sour bolus, compared to water 
and sour citric boluses in 11 nursing home 
patients. All had acquired neurogenic dysphagia, 
with aspiration or penetration, and six had demen-
tia. Endoscopic evaluation of swallowing sug-
gested that sour citric bolus signi fi cantly reduced 
aspiration and penetration as compared to water 
or sweet–sour mix bolus. Additionally, the sour 
citric bolus increased frequency of swallowing, 
which may be important in clearance of any 
residual. The mixing of a sweet taste with a sour 
one appeared to have no effect on hastening the 
pharyngeal swallow response but the levels of 
citric acid were different in the two  fl avoured 
conditions. If a minimum taste enhancement level 

should prove necessary to produce biomechani-
cal change this needs to be determined in order to 
create equivalent conditions. It may also be the 
case that intensities of taste enhancement require 
adjustment based upon a person’s age as taste 
thresholds increase with advancing years  [  17  ] . 

 As a subsequent quantitative measure of bio-
mechanics, Pelletier and Dhanaraj  [  18  ]  evaluated 
taste effects on lingual pressure generation. 
Results from their study of ten healthy young 
adults revealed that moderate concentrations of 
sweet, salty and sour tastes in water elicited 
signi fi cantly higher lingual swallowing pressure 
than water alone. However, higher concentrations 
did not result in further increases in pressure. It is 
unclear if the absence of a ‘dose’ effect is related 
to the speci fi c concentrations applied in the study 
or if no further physiologic bene fi t is gained from 
increasing concentrations of stimuli once a 
threshold of change is reached. 

 The in fl uence of taste on swallowing has been 
examined using not only biomechanical imaging 
but also EMG to further explore timing 
modi fi cations. Intramuscular EMG was used by 
Palmer et al.  [  19  ]  to measure activity of the 
mylohyoid, anterior belly of digastric and 
geniohyoid muscles during 3-ml water and 3-ml 
sour lemon bolus swallows. Their eight healthy 
participants were reported to exhibit stronger mus-
cle contraction and a shorter time for activation 
onset of all three muscles with the sour bolus when 
compared to water bolus. However, no signi fi cant 
differences were found for onset of swallowing or 
muscle activity patterns or duration. 

 Sciortino et al.  [  20  ]  conducted a small study of 
sour taste effects in seven young and seven older 
healthy adults. Sour taste and cold applied to the 
faucial pillars produced a signi fi cantly faster ini-
tiation of swallowing compared to the no-stimu-
lation condition, as measured using sEMG. 
However, where a second swallow was recorded, 
the effect had been lost. This suggests that sen-
sory activation of the faucial pillars is short term. 
In another sEMG study, Ding et al.  [  21  ]  evaluated 
the effects of sweet, salty and sour tastes on the 
timing of pharyngeal swallow in a group of 20 
healthy older and 20 healthy younger adults. All 
taste stimuli signi fi cantly reduced the time until 



78954 Compensatory Management and Treatment in Dysphagia

onset of submental activity, and the salty taste 
resulted in increased amplitude of submental 
muscle contraction. Contrasting results were 
described by Leow et al.  [  22  ]  who investigated 
the effects of sweet, sour, salty and bitter tastes 
on submental muscle contraction in 23 healthy 
adult females. They reported submental muscle 
contraction amplitude to be higher for the sour 
taste than the other stimuli, shorter oral prepara-
tion time for the sour bolus compared to bitter 
and salty stimuli and reduced duration of sub-
mental sEMG activity for sweet and sour boluses 
compared to bitter. A further dissimilarity in 
results was provided by Miyaoka et al.  [  9  ] . In a 
study of ten healthy young adults, no differences 
were identi fi ed in measurements of suprahyoid 
muscle amplitudes when comparing low or high 
concentrations of sweet, sour, salty, bitter or 
umami (a savoury taste with receptors all over the 
tongue) tastes with a tasteless bolus. 

 Modi fi cation of taste is currently a compensa-
tory technique with very little de fi nitive evidence 
to support its use. Research outcomes are 
con fl icting, very likely due to a host of different 
methods employed in executing the studies. 
However, even though the existing research is not 
convincing, there are suf fi cient ‘hints’ from the 
literature of a positive effect, that further explora-
tion is indicated. Well-designed studies will take 
greater care to isolate taste from other sensory 
stimuli, to systematically investigate dose issues, 
to integrate perception and palatability with out-
comes and to examine in more speci fi c detail a 
broader range of potential effects. Additionally, 
further research with patient populations may 
yield very different outcomes.  

   Combined Smell and Taste: Flavour 

 Rather than evaluating isolated stimuli, Abdul 
Wahab et al.  [  23,   24  ]  sought to investigate the 
in fl uence of combined odour and tastant stimula-
tion—that is,  fl avour—in healthy participants. An 
initial study analysed the effects of lemon taste, 
smell and  fl avour on motor evoked potentials 
(MEP) in the submental muscle group induced by 
transcranial magnetic stimulation. A follow-up 

study evaluated the biomechanical correlates of 
this change using oral and pharyngeal manometry 
and sEMG. In their healthy participants, 
signi fi cantly increased MEP amplitude was 
recorded 90 min after combined odour and taste 
( fl avour) stimulus presentation that was not appar-
ent during or immediately following stimulation 
 [  23  ] . Further research by the same team  [  24  ]  
reports changes in volitional swallowing move-
ment, that is, the oral phase of swallowing, both 
immediately and delayed, following  fl avour stim-
ulus. Speci fi cally, the authors’ document increased 
pressure and duration of tongue to palate contact, 
plus a reduction of contact pressure in the 
hypopharynx. 

 This research is supported by other measures 
of neural adaptation. Increased cortical activity, 
as measured by fMRI, has also been reported 
during simultaneous presentation of a taste along-
side an image and odour in healthy females  [  25  ] . 
In an approach that has been traditionally regarded 
as compensatory for its immediate effects, this 
new line of research offers the possibility of using 
 fl avour stimulation as a rehabilitative method in 
dysphagia.  

   Carbonation 

 Also within the past decade, carbonated  fl uid has 
been proposed as a method for stimulating sen-
sory receptors to trigger a pharyngeal swallow 
 [  21,   26  ] . sEMG measures in a study of healthy 
adults showed no effects of carbonation. That is, 
activation and duration of the submental and 
infrahyoid musculature were no different to those 
recorded during ingestion of plain water, thus 
failing to substantiate the claim for effectiveness 
of carbonation  [  21  ] . Contrary to those results, 
however, Miura et al.  [  27  ]  reported that submen-
tal EMG recordings with carbonated  fl uid pro-
duced greater activation and decreased muscle 
fatigue, similar to that found with citric acid. An 
explanation for the contrasting outcomes may be 
found in the method employed: a 5-ml bolus in 
Ding et al.  [  21  ]  against a 60-ml continuous drink-
ing protocol in Miura et al.  [  27  ] , a difference 
which is acknowledged by the authors. 
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 Bülow et al.  [  26  ]  studied carbonation in 40 
patients with disordered swallowing. Ingestion of 
carbonated liquid reduced penetration and aspira-
tion, reduced PTT and lessened the amount of 
post-swallow pharyngeal residual as compared to 
a non-carbonated thin liquid. PTT and pharyngeal 
residual were signi fi cantly reduced compared to 
thickened liquids. However, methodological 
issues may have biased results. Verbal cues to 
swallow were given only for non-carbonated 
boluses, thus the confound of volition may account 
for some outcome differences. Furthermore, no 
clear description of dysphagic presentation was 
provided for participants. A more recent paper 
 [  28  ]  found no signi fi cant effect of carbonation, 
when compared to thin liquid, on stage transition 
duration (STD) or PTT in adults with an oral dys-
phagia or no dysphagia due to stroke. In 80% of 
subjects with pharyngeal dysphagia resulting 
from stroke, there was, however, a signi fi cant 
reduction in either STD or PTT or both when car-
bonated thin liquids were compared to thick liq-
uids. In direct contrast to Bülow et al.  [  26  ] , there 
was no reduction in penetration, aspiration or pha-
ryngeal residue with carbonated liquids. Indeed, 
patients taking carbonated thin liquids were found 
to aspirate more readily than those on nectar-thick 
liquids. 

 It would be of interest to establish a more strin-
gent testing protocol from which to compare nor-
mal with disordered swallowing to ascertain if 
any true positive carbonation effects exist. 
Although not without dif fi culties, including main-
tenance of carbonation at a suitable level within 
liquid, effects upon digestion and consumer 
acceptance, this compensatory approach could 
represent an easily applied clinical resolution. It is 
an area that warrants further investigation.   

   Diet Modi fi cation 

 Practical application of sensory modi fi cation has 
been implemented in the form of diet modi fi cation. 
Changes to the size, delivery rate and consistency 
of a bolus are designed to address de fi ciencies 
in oral manipulation and control, timing of onset 
of swallowing, pharyngeal motility or upper 

esophageal sphincter (UES) opening. Considerable 
research has focussed on evaluating the speci fi c 
and immediate biomechanical adaptations that 
result from diet modi fi cation. These are sum-
marised in Table  54.1 . Unfortunately very little 
of this research has addressed potential adverse 
outcomes. Logemann et al.  [  33  ]  and Robbins 
et al.  [  37  ]  have offered a more balanced view.  

 Logemann  [  33  ]  led a large cohort of research-
ers in the evaluation of two techniques with a goal 
of inhibiting aspiration. A randomised control 
trial of 711 patients with dementia, Parkinson’s 
disease or both was conducted to evaluate the 
effectiveness of honey-thickened and nectar-
thickened liquids, and thin liquids using chin tuck. 
Although chin tuck was less successful in inhibit-
ing aspiration in the short term, it may be less 
likely to lead to adverse consequence in the long 
term, according to a study by Robbins et al.  [  37  ] . 
A cohort of 515 patients with documented aspira-
tion of thin liquids used either honey-thick liquid, 
nectar-thick liquid or supervised chin tuck with 
thin liquid over a 3-month period  [  37  ] . At 
3 months, the cumulative incidence of pneumonia 
was greater for those taking thickened liquids than 
those ingesting thin liquid with chin tuck. However 
when thickened liquids were scrutinised sepa-
rately, the outcomes proved less compelling in 
support of chin tuck. Those drinking nectar-thick 
liquids had the lowest cumulative incidence of 
pneumonia, followed by those ingesting thin liq-
uids with chin tuck and  fi nally those taking hon-
ey-thick liquids. Of note, however, was the  fi nding 
that those using chin tuck with thin liquids pre-
sented with lower rates of dehydration (6 vs. 2%), 
urinary tract infection (6 vs. 3%) and fever (4 vs. 
2%), compared to the thickened liquid group. 
Although the researchers are to be commended 
for offering data based on a very large sample—
quite uncommon in swallowing research—the 
studies were weakened by the lack of a no-inter-
vention control group and the large con fi dence 
intervals in between-groups differences, leading 
the journal editors to conclude that the “ fi ndings 
were inconclusive” (Robbins et al.  [  37  ] ; p. 510). 

 While bolus modi fi cations may be frequently 
adopted as compensatory techniques, compelling 
research evidence in disordered populations is 
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limited. Clinicians should remain mindful of the 
likelihood that consistency changes in particular 
can be unacceptable, especially over longer time 
periods, and that undesirable side effects, such as 
dehydration may ensue. Further evaluation of the 
effectiveness of bolus modi fi cation strategies 
using standard measures and considering both 
immediate and long-term outcomes will bene fi t 
clinical decision-making.  

   Postural Techniques 

 Several postural techniques have been described 
as a means of altering oral pharyngeal anatomy 
with the goal of directing the bolus toward more 
ef fi cient transfer to the oesophageal inlet. The 
most common of these include chin tuck, head 
rotation and neck extension. 

   Chin Tuck 

 Chin tuck posturing was initially described in the 
1980s and became the subject of considerable 
 biomechanical research in the ensuing years 
 [  1,   41–  43  ] . Hypothesised effects of the technique 
include: widening of the vallecular space to allow 
greater capacity for holding pre-swallow spillage 
and so prevent pre-swallow aspiration; a narrow-
ing of the distance between the base of tongue 
(BOT) and posterior pharyngeal wall (PPW) to 
increase pressure on the bolus for descent and 
thereby lessen post-swallow residual and a nar-
rowing of the space between the epiglottis and 
PPW to improve airway protection and reduce 
aspiration during the swallow  [  44  ] . It has been 
most often clinically prescribed for patients with a 
delayed pharyngeal swallow, pre-swallow pooling 
or post-swallow residual. However as with many 
of our intervention techniques, con fl icting research 
data and within-patient variability demand that cli-
nicians evaluate this posture carefully using instru-
mental assessment before patient application. 

 The Logemann et al.  [  33  ]  and Robbins et al. 
 [  37  ]  studies outlined in the previous section 
investigated the relative effectiveness of thin liq-
uids taken with chin tuck posturing in inhibiting 

aspiration in the short term, and inhibiting the 
development of pneumonia and other medical 
morbidities in the long term, when compared to 
thickening liquids. Chin tuck posturing was less 
effective for reducing aspiration in the short term 
 [  33  ] , but more effective for inhibiting the devel-
opment of adverse health consequences in the 
long term. However, it is dif fi cult to make 
assumptions about the speci fi c value of chin tuck 
posturing as this technique was methodologically 
linked to thin liquids and was not systematically 
assessed in isolation. 

 Lewin and colleagues  [  44  ]  sought to evaluate 
the in fl uence of chin tuck posturing in 21 patients 
with esophagectomy and aspiration. They report 
that in 81% of their cohort, this posture inhibited 
aspiration. However, this appeared to be achieved 
at different bolus consistencies for different par-
ticipants thus making it dif fi cult to determine if 
bene fi t was derived from the posture itself, the 
bolus consistency, or a combination of both. 

 Other researchers have evaluated the in fl uence 
of chin tuck posturing on pressure generation. A 
recent investigation by Hori and colleagues  [  45  ]  
found that this technique resulted in increased 
lingual pressure with a 5-ml water swallow for 
healthy adults compared to dry and 15-ml water 
bolus swallows. Although closer approximation 
of BOT to PPW has been postulated to exert 
increased downward pressure on a bolus, Bülow 
et al.  [  46  ]  found that the chin tuck in healthy 
adults resulted in decreased pharyngeal contrac-
tion pressure as manometrically measured. They 
speculate that as the chin extends forward and 
down, and distance diminishes, the pharyngeal 
constrictor muscles slacken and may therefore 
less effectively clear the bolus from the pharynx 
and through the UES. Therefore, although aspira-
tion from post-swallow residual may be elimi-
nated due to improved epiglottic laryngeal 
closure, the posture may negatively impact the 
ability to clear larger boluses from the pharynx. 

 Although chin tuck is a technique widely 
applied in dysphagia management, questions have 
been raised about the patient’s ability to achieve 
the desired posture. Nagaya et al.  [  47  ]  found that 
only 8% of patients with Parkinson’s disease were 
able to attain the chin tuck position. Given that 
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delayed swallow is a commonly observed 
dif fi culty in this clinical population, any compro-
mise to the effectiveness of chin tuck posturing as 
a management method is of concern.   

   Head Rotation 

 Rotating the head to the weaker side is clinically 
recommended for patients with unilateral sensory 
or motor impairment as a means to direct the 
bolus down the unaffected, and therefore more 
ef fi cient, side for pharyngeal transport. As with 
chin tuck posturing, this technique was the focus 
of research in the late 1980s  [  48  ]  and 1990s  [  49, 
  50  ] , but has not been subjected to scrutiny since 
that time with the exception of two studies. 

 Tsukamoto  [  51  ]  reported on a single patient 
with unilateral pharyngeal paralysis in order to 
clarify our understanding of the role of head rota-
tion. Using video fl uoroscopy and CT, he identi fi ed 
that although head rotation does indeed close off 
the hemipharynx on the side of rotation, the clo-
sure occurs at the level of the hyoid bone, well 
above the pyriform sinuses. Therefore, while 
head rotation will direct the bolus down the 
 opposite widened side of the pharynx and primar-
ily into that pyriform sinus, there is potential for 
bolus accumulation in the hemiparetic pyriform 
cavity. While this study highlights that an assump-
tion of complete pyriform sinus closure on one 
side should not be made, it requires testing of 
greater numbers of patients to discover whether 
the  fi ndings are unique or universal. 

 In a signi fi cantly larger study, Ertekin and col-
leagues  [  52  ]  evaluated EMG activity of patients 
with neurogenic dysphagia and healthy controls 
performing water swallowing with a variety of pos-
tural techniques. Using a novel measurement of 
‘dysphagia limit’, (the volume of bolus that a per-
son can empty from the oral cavity in one swallow), 
based solely on EMG measures, these researchers 
identi fi ed that their outcome measure did not 
change signi fi cantly with most of the trialled pos-
tures. However, dysphagia limit in the patient pop-
ulation improved signi fi cantly in 67% of those with 
unilateral lower cranial lesions when the head was 
rotated toward the affected side. In patients with 

bilateral symptoms, a signi fi cant improvement 
occurred in 50% of patients using chin-tuck pos-
ture, but in the chin-up position, 55% of the patients 
experienced a signi fi cant compromise in swallow-
ing. Data from this study are dif fi cult to interpret 
given the novel outcome measure and lack of other 
biomechanical correlations. However, the study 
does raise the question of whether research on 
healthy controls is a viable indicator of treatment 
effect in the patient population. 

 Most recently, McCulloch et al.  [  53  ]  used 
high-resolution manometry to investigate the 
effects of head turn and chin tuck on pressures 
throughout the pharynx. Healthy participants 
swallowed 5-ml water boluses presented via 
syringe. No differences were detected between 
the conditions for velopharyngeal pressures. 
Maximum tongue base pressure was highest in 
the neutral head position. UES pressure pre-swal-
lowing was lower with head turn compared to 
neutral position, but post-swallow was lower with 
chin tuck posturing than neutral position. 
Increases in pharyngeal pressure were not 
reported for any technique.  

   Conclusion 

 Categorical evidence to support use of compen-
satory strategies in the dysphagic population is, 
at best, sparse. Much of what is used in clinical 
practice has come about from historic assump-
tion and trial and error attempts. It is only now 
that randomised control trials, comparing normal 
and disordered populations are beginning to 
appear, whereas earlier work was predominantly 
carried out on small numbers of healthy adults. It 
is often assumed that in order to theorise and test 
interventions for dysphagia, there must be a solid 
body of evidence surrounding normal swallow-
ing physiology from which disordered swallow-
ing can be understood. However, not all studies 
support this presumption. Many of the small-
scale trials have failed to employ standard meth-
odologies, producing results which are not easily 
interpreted in the context of other work. However, 
larger trials are not without fault; substantial vari-
ability inherent in swallowing behaviour renders 
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identi fi cation of signi fi cant results dif fi cult at 
best. Dif fi culties of heterogeneous participant 
groups, and conversely, homogenous groups that 
are too small for generalising results, need to be 
considered in future research. Control groups are 
also required although this may require careful 
ethical consideration. 

 While compensatory techniques are by their 
nature a transient solution only, clinicians should 
bear in mind that these may be used over many 
years and whilst physiology may change little 
over time, cognition levels and general aging will 
affect swallowing action. A strategy that was ini-
tially considered to be successful in improving 
swallowing biomechanics does require regular 
follow-up to ensure continued effectiveness. 
Research studies have yet to determine the long-
term effects of compensatory strategies. Finally, 
as has been mentioned throughout this chapter, 
individual variation in swallowing is extensive 
and patients must continue to be evaluated on a 
sole basis to ensure the best options for their 
treatment are selected.  

   Key Points 

    Compensatory techniques remain the prime • 
management option for certain patient 
populations.  
  Compensatory techniques have traditionally • 
been aimed at bringing about immediate 
change in swallowing biomechanics; however, 
new research suggests some areas may pro-
vide longer term rehabilitative bene fi ts for 
swallowing function.  
  Brain imaging studies suggest that thermal • 
tactile and  fl avour compensatory approaches 
stimulate cortical areas connected with swal-
lowing behaviours and may have potential to 
elicit permanent change.  
  Current research focussed on combined smell • 
and taste ( fl avour) stimulation may offer new 
possibilities for immediate adaptation of swal-
lowing biomechanics combined with rehabili-
tative bene fi ts.  
  Outcome data for studies of carbonation is • 
inconclusive but further evaluation of this 

technique may offer clinicians an easily 
applied compensatory strategy.  
  Although widely applied in clinical practice, • 
chin tuck posturing has little evidence to sup-
port its ef fi cacy in isolation. Clinicians are 
obliged to evaluate this and other techniques 
with instrumental assessment prior to patient 
application.  
  Research into compensatory strategies has tra-• 
ditionally been hampered by small sample sizes, 
minimal investigation using patient populations, 
lack of control groups in randomised control tri-
als and non-standardised methodology that dis-
allows direct comparison of results.         
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 Prevalence of deglutitive disorders in adults over 
50 years of age has been estimated to range from 
7 % to 22 %, with a higher prevalence for adults 
who reside in long-term care facilities being 
40–50 %  [  1–  11  ] . Prevalence of swallowing disor-
ders increases in older individuals as the inci-
dence of head and neck cancer, frailty caused by 

a range of conditions such as polypharmacy and 
inadequate nutrition, and diseases of the central 
nervous system such as stroke and dementia 
increases compared to young adults  [  12–  16  ] . 
Dysphagia in older adults cannot be attributed 
solely to disease and illness. Individuals over the 
age of 65 years experience normal age-related 
changes which, although not considered patho-
logic, may affect swallowing, including sensory, 
motor, and structural changes that affect swal-
lowing. It is important to recognize the normal 
changes that occur to the swallow mechanism as 
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a consequence of healthy aging in order to 
accurately differentially diagnose and apply 
appropriate rehabilitation strategies to those 
changes that are pathologic. Sensory changes 
include a decrease in pharyngeal and supraglottic 
sensitivity, which may be a contributing factor in 
the development of swallowing problems and 
increased incidence of aspiration in healthy older 
adults  [  17  ] . Loss of dentition affects bolus manip-
ulation and masticatory ability that contribute to 
altered oral perceptual and sensory awareness 
and may impact food selection patterns  [  18  ] . 
Decreased production of saliva and perception of 
oral dryness occurring with aging can be exag-
gerated by medication usage and disease and may 
affect food choices and oral bolus manipulation 
 [  19  ] . Other changes that interfere with oral bolus 
manipulation and movement include decreased 
tongue pressure during bolus transit, diminished 
tongue strength, and longer oral phase  [  20  ] . 
Healthy older adults experience slowed oral and 
pharyngeal bolus transit, delayed initiation of the 
pharyngeal swallow, diminished pharyngeal and 
laryngeal sensation, and reduced deglutitive 
anteroposterior upper esophageal sphincter 
(UES) opening  [  17,   20–  22  ] . 

   What Is Evidence-Based Practice? 

 Evidence-based practice (EBP) is de fi ned as “the 
conscientious, explicit and judicious use of current 
best evidence in making decisions about the care 
of individual patients… [by] integrating individual 
clinical expertise with the best available external 
clinical evidence from systematic research”  [  23  ] . 
EBP “…allows clinicians to be accountable, ethi-
cal, and responsible, not only to their clients, but to 
their profession… [and] permits clinicians to 
account for their services when reporting to cli-
ents, their families, and third-party payers”  [  24  ] . 
EBP bene fi ts both clinicians and clients. 

 When deciding on a rehabilitative treatment 
for a patient with dysphagia, deglutologists 
should choose treatment protocols for which 
ef fi cacy or effectiveness has been established. 
Treatment ef fi cacy yields “the probability of 
bene fi t to individuals in a de fi ned population 

from a medical technology applied for a given 
medical problem under ideal conditions of use” 
 [  25  ] . When reviewing a research article to 
determine ef fi cacy of a treatment, one must 
determine if researchers controlled for variables 
so that only the effect of the independent variable 
that is the treatment protocol on the dependent 
variable or the clinical outcome reasonably 
accounts for the change in the outcome measure 
 [  26  ] . Treatment effectiveness is the likelihood 
that a given treatment will bring about change 
in a clinical setting  [  26  ] . Ef fi cacy of treatment 
must be established before effectiveness of treat-
ment can be assessed. 

 There are different levels of research evidence 
impacting the quality and value of published 
research  [  25  ]  .  The highest levels of evidence, 
Level I and Level II, entail either meta-analysis 
of more than one randomized controlled trial 
(RCT) or a single well-designed RCT. Presently, 
there are few RCTs focused on dysphagia reha-
bilitative treatment techniques that have been 
conducted. RCTs usually take a long time to 
complete and are expensive to conduct. 

 Because of the limited number of RCTs for 
any particular rehabilitative dysphagia treatment, 
deglutologists need to use other levels of evi-
dence. That is, Level III, well-designed controlled 
studies without randomization; Level IV, well-
designed, non-experimental studies from more 
than one research group; and Level V, studies 
which are expert committee reports, consensus 
conference reports, and clinical experience from 
respected authorities. 

 For some rehabilitative treatment techniques, 
the only level of evidence may be Level V, an 
expert authority report. Clinicians then must 
employ logical reasoning based upon clinical 
experience, available outcomes, and patient 
goals. To rely solely on clinical experience or 
research evidence in clinical decision making is 
not suf fi cient  [  23  ] . EBP utilizes comparison of 
knowledge acquired from clinical experience and 
the best available evidence from published 
research. When published research confounds 
clinical experience, clinicians should re-evaluate 
therapy practices and make appropriate altera-
tions. EBP provides a way to “…systematically 
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improve …[their] efforts to be better clinicians, 
colleagues, advocates, and investigators-not by 
ignoring clinical experience and patient prefer-
ences but rather by considering these against a 
background of the highest quality scienti fi c 
evidence that can be found”  [  27  ] . 

 This chapter will review the evidence support-
ing the effectiveness of rehabilitative treatment 
for deglutitive disorders. 

   Rehabilitative Treatment 

 Rehabilitative treatment techniques alter the physi-
ology of a speci fi c aspect of the disordered degluti-
tive process  [  28  ] . Before applying speci fi c 
rehabilitative treatment, one must accurately evalu-
ate the deglutitive dysfunction using an instrumen-
tal technique such as endoscopy or  fl uoroscopy. 

 Rehabilitative treatment includes muscle 
strengthening, range of motion (ROM) exercise, 
and maneuvers. The change or outcome in the dis-
ordered deglutitive physiology is permanent 
because of the effect of the rehabilitative treatment. 
Rehabilitative treatment is indirect or direct. 
Indirect rehabilitative treatment employs speci fi c 
exercise principles and techniques without food or 
liquid as part of the treatment. Direct rehabilitative 
treatment facilitates physiologic deglutitive change 
utilizing food and/or liquid as part of the treatment 
exercise regimen. Both types of rehabilitative treat-
ment techniques require that the patient have ade-
quate cognitive ability, that is, adequate attention, 
comprehension, and memory to appreciate the pur-
pose of the treatment and to complete the regimen 
in order to derive bene fi t from the treatment  [  28  ] .  

   Maneuvers 

 Swallow maneuvers included in rehabilitative 
treatment are the Mendelsohn Maneuver and the 
effortful swallow. These maneuvers demand 
increased muscular effort by the patient and have 
been shown to alter timing, bolus  fl ow, and there-
fore the duration of physiologic swallow events. 
In order to perform maneuvers, one is required to 
expend increased muscular effort. Effectiveness of 

a maneuver on altering the deglutitive physiologic 
function or dysfunction varies and therefore 
should always be performed during the instru-
mental swallowing evaluation. Maneuvers are 
used temporarily with discontinuation of the 
maneuver as deglutitive function improves. 
Maneuvers require adequate cognitive abilities 
such as attention, comprehension, and memory. 
Patients with cognitive or linguistic disorders 
may not be able to comprehend or retain the 
sequential steps required to perform a maneuver. 
Because of the increased muscular effort required 
to perform maneuvers, patients who fatigue 
quickly during performance of the maneuver may 
not be appropriate candidates for the rehabilita-
tive approach, or the approach may require a 
stepwise frequency and duration treatment design 
to overcome fatigue and be successful with the 
rehabilitative techniques. 

 The Mendelsohn Maneuver requires that the 
patient have the ability to identify the time during 
the swallow when there is maximal laryngeal 
elevation and be able to hold the larynx in that 
position for several seconds as the bolus is com-
pletely swallowed  [  28  ] . The effectiveness of this 
maneuver on normal swallow function has been 
studied  [  29,   30  ] , as well as in patients with neuro-
logic disease  [  31  ]  and head and neck cancer  [  32  ] . 
When performed correctly, the Mendelsohn 
Maneuver increases the extent and duration of 
laryngeal excursion  [  30  ]  and the extent and dura-
tion of deglutitive UES opening diameter  [  28, 
  30,   32  ] . The Mendelsohn Maneuver is applicable 
as a rehabilitative technique for patients with 
reduced deglutitive laryngeal elevation, and 
decreased deglutitive anteroposterior UES opening 
diameter. Prolonged duration of tongue base to 
posterior pharyngeal wall contact, improved 
bolus clearance, and elimination of aspiration 
have also been reported as bene fi cial outcomes of 
the Mendelsohn Maneuver  [  30,   32  ] . 

 The effortful swallow also requires the patient 
to deliberately increase muscular effort to carry 
out the instruction to swallow hard. The effortful 
swallow has been shown to bene fi t patients with 
reduced tongue base retraction or decreased pha-
ryngeal constriction during the swallow result-
ing in post-deglutitive residual in the pharynx. 
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The effectiveness of this maneuver has been 
studied in normal individuals  [  33–  37  ]  and in 
patients with neurologic dysfunction  [  38  ] . The 
effortful swallow results in greater exertion of 
oral and pharyngeal pressure for longer durations 
during the swallow  [  34–  37,   39  ] , reduced depth of 
laryngeal penetration, and increased base of 
tongue retraction during the pharyngeal swallow 
 [  37–  39  ] . Also, it has been noted that the effortful 
swallow increases duration of maximum anterior 
hyoid excursion, laryngeal vestibule closure, and 
extent of superior hyoid excursion  [  38  ] . 
Contradictions in research  fi ndings underscore 
the necessity that the patient performs the speci fi c 
maneuver during the instrumental evaluation to 
determine its effectiveness. ( Please refer to Chap.  
  54      by Maggie Lee Huckabee and Chap.    30      by 
Cathy Lazarus for more research and outcomes 
related to the ef fi ciency and ef fi cacy of the 
Effortful Swallow and Mendelsohn Maneuver for 
rehabilitation of deglutitive disorders ).  

   Exercise 

 Strength-training exercises for limb muscles alter 
the effects of muscle weakness that accompanies 
normal aging. Sarcopenia, the process accompa-
nying aging that results in muscle weakness, is 
preventable and reversible. Muscle weakness is a 
result of decreased physical activity accelerated 
by disuse and acute or chronic illness  [  40–  43  ] . 
Resistance training can increase muscle strength, 
coordination, and hypertrophy. Resistance training 
promotes an increase in the number of muscle 
 fi bers and muscle  fi ber area, resulting in increased 
neural activation of muscles. This body of 
research literature and our increased understanding 
and application of exercise principles have been 
inspirational in designing rehabilitative treatment 
regimens for deglutitive disorders.  

   Lingual Strengthening 

 Outcomes from lingual strengthening and ROM 
exercises have been studied in patients with head 
and neck cancer, stroke patients, and in healthy 

young and older adults. These studies have 
demonstrated that lingual resistance exercise 
results in increased tongue strength, resulting in 
decreased oral transit time, improved tongue 
pressure/strength during swallowing, and improved 
tongue base to posterior pharyngeal wall pressure 
 [  44–  48  ] . Tongue strength is important for the 
ef fi cient containment and movement of the bolus 
during deglutition. There is a correlation between 
tongue strength and oral transit time and ef fi cient 
bolus clearance  [  49  ] . Isometric tongue exercises 
have been shown to improve the isometric pres-
sure and lingual swallow pressure as well as tongue 
volume in healthy older adults who performed an 
8-week tongue resistance exercise program  [  48  ] . 
In a study of ten stroke patients who were enrolled 
in an 8-week lingual isometric exercise regimen 
using a device that provided biofeedback as well 
as a pressure measurement for the exerciser, the 
stroke patients experienced signi fi cant increase in 
maximum isometric pressure generation and 
increased swallow pressures for tested bolus con-
ditions after completion of the protocol  [  50  ] . 
Measureable changes noted in the video fl uoroscopic 
evaluation after completion of the exercise pro-
gram were decreased oral transit time and increased 
pharyngeal response duration. Although post-
deglutitive pharyngeal residue was decreased for 
the bolus types tested, the changes noted after 
exercise did not reach signi fi cance  [  50  ]  ( Please 
refer to Chapter    12      by JoAnne Robbins for more 
research and outcomes related to the ef fi ciency 
and ef fi cacy of the lingual exercise for rehabili-
tation of deglutitive disorders) .  

   Masako Maneuver 

 Tongue base to posterior pharyngeal wall contact 
during bolus transit through the pharynx creates 
pressure on the bolus as it moves through the 
pharynx. The pressure applied to the bolus from 
this structural contact results in a visual 
 fl uoroscopic image that resembles an inverted 
“v,” previously described as the “tail” of the bolus 
moving from proximal to the distal hypopharynx. 
Tongue base to posterior pharyngeal wall contact 
is an important visual representation of the 

http://dx.doi.org/10.1007/978-1-4614-3794-9_54
http://dx.doi.org/10.1007/978-1-4614-3794-9_30
http://dx.doi.org/10.1007/978-1-4614-3794-9_12
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pressure exerted in the pharynx and measured 
using pharyngeal strain gauge manometry. If 
tongue base to posterior pharyngeal wall contact 
is not successful, the swallow would be inef fi cient, 
resulting in pharyngeal residuals. 

 The Masako Maneuver or “tongue hold” exer-
cise is a resistance exercise that has been shown 
to improve tongue base to posterior pharyngeal 
wall contact in those who do not have ample con-
tact during swallowing, resulting in bolus transit 
failure with post-deglutitive pharyngeal residue. 
The Masako Maneuver must be performed with-
out food or drink as a safety precaution. If food or 
drink were used during the Maneuver, aspiration 
would likely occur because of the anterior tongue 
position during the resistance exercise. The 
Masako Maneuver is performed in the following 
manner: the patient secures the tongue between 
the teeth while performing a swallow. This 
maneuver or exercise is performed as many times 
as the patient can tolerate. There is no prescribed 
exercise regimen. This exercise has been shown 
to improve tongue base to posterior pharyngeal 
wall contact and pharyngeal pressure during 
swallowing  [  51,   52  ] . The exact protocol, that is, 
the number of times per session, duration of 
tongue hold, or number of swallows per exercise 
session has not been determined.  

   Shaker Exercise 

 The Shaker Exercise is an isometric and isoki-
netic exercise designed to strengthen suprahyoid 
muscles, thereby improving anterior laryngeal 
excursion and increasing deglutitive anteroposte-
rior upper esophageal sphincter opening diame-
ter. In the published research regarding the Shaker 
Exercise, it was performed three times per day 
for 6 weeks. The instructions for the two-part 
exercise are as follows: Part I: Lay  fl at on your 
back on the  fl oor or bed. Hold your head off the 
 fl oor or bed looking at your feet for 1 min (do not 
raise your shoulders), relax for 1 min, and repeat 
three times. Part II: Raise your head 30 times and 
look at your feet. Do not sustain these head 
lifts or raise your shoulders off the bed or  fl oor. 

Please remember to breathe while performing 
both steps of the Shaker Exercise  [  53,   54  ] . 

 A randomized clinical trial was conducted in 
a heterogeneous group of tube-fed patients with 
dysphagia, including stroke patients and 
patients who had completed treatment for head 
and neck cancer  [  54  ] . All patients experienced 
post-deglutitive aspiration secondary to 
decreased A-P UES opening diameter and had 
pharyngeal residual in the pyriform sinuses. 
Results indicated improved physiologic and 
functional outcomes, including resumption of 
oral intake after completion of the exercise 
regime  [  53,   54  ] . The Shaker Exercise was found 
to signi fi cantly improve deglutitive biomechan-
ical measures of anterior hyolaryngeal excur-
sion related to deglutitive anteroposterior UES 
opening diameter, decreased post-deglutitive 
pyriform residuals, and elimination of post-
deglutitive aspiration in all patients, regardless 
of etiology or duration of dysphagia. This 
research supported the appropriateness of the 
Shaker Exercise for patients who exhibit 
aspiration due to post-deglutitive residue and 
abnormal deglutitive UES opening. The Shaker 
Exercise is not appropriate for patients with 
dysphagia who experience aspiration pre- or 
intra-deglutitive aspiration. ( Please refer to 
Chapter       13      by Caryn Easterling for more 
speci fi c research and outcomes related to the 
ef fi ciency and ef fi cacy of the Shaker Exercise 
for rehabilitation of deglutitive disorders ).  

   Electrical Stimulation 

 Promising rehabilitation treatments, such as 
neuromuscular or transcutaneous electrical stim-
ulation, are being systematically studied. Before 
implementation of such techniques, one must 
carefully scrutinize the research related to the use 
of new technology, that is, devices and tech-
niques. To date, published research employing 
different techniques and applications of electrical 
stimulation in rehabilitation of deglutitive 
disorders varies in quality and results. ( Please refer 
to Chapter    56      by Christy Ludlow for speci fi c 

http://dx.doi.org/10.1007/978-1-4614-3794-9_13
http://dx.doi.org/10.1007/978-1-4614-3794-9_56
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research and outcomes related to the ef fi ciency 
and ef fi cacy of Electrical Stimulation for 
rehabilitation of deglutitive disorders)   

   Lee Silverman Voice Treatment 

 The Lee Silverman Voice Treatment program 
emphasizes training the patient to provide maxi-
mum respiratory drive during vocal use. This 
program requires the treating clinician to undergo 
a certi fi cation program in order to provide the 
protocol to patients. The effectiveness of this pro-
gram has been studied in patients with Parkinson’s 
disease only. Although the protocol was designed 
for treatment of voice disorders, it has been 
reported to have cross-system effects on temporal 
deglutitive measures. In a single subject study of 
a patient with mild idiopathic Parkinson’s dis-
ease, use of the Lee Silverman Voice Treatment 
decreased oral residue and consequently the 
number of swallows required to clear residue 
from 3 to 5 mL liquid bolus as well as decreased 
pharyngeal transit time  [  55  ] . More research is 
needed to determine the ef fi cacy of this technique 
in improving deglutitive disorders in patients 
with Parkinson’s disease and the possible appli-
cation to other diseases with co-occurring respi-
ratory and swallowing disorders.  

   Expiratory Muscle Strength Training 

 Use of Expiratory Muscle Strength Training 
(EMST) was described in clinical respiratory sci-
ence literature as a device-assisted protocol that 
could be used to improve expiratory pressure 
support in healthy young adults  [  56  ] , patients 
with Parkinson’s disease  [  57,   58  ] , and patients 
with multiple sclerosis  [  49,   59  ] . Knowing the 
documented importance of the suprahyoid mus-
cles in swallowing biomechanics, the use of 
EMST adjustable resistance device by patients as 
an activator of the suprahyoid muscle group has 
been studied  [  60  ] . The purpose of the study was 
to measure the maximum expiratory pressure 
(MEP) and the impact on deglutitive biomechanics 
by using sEMG to measure suprahyoid muscle 

group activation pre- and post-EMST protocol in 
healthy young adults. The results of the study 
showed that EMST signi fi cantly improved MEP 
and signi fi cantly increased activation in the 
suprahyoid muscles when comparing pre- to 
post-sEMG data  [  60  ] . This emerging rehabilita-
tive treatment is promising both for improved 
respiratory function and swallowing biomechan-
ics in patients with Parkinson’s disease. The 
application of this technique and its documented 
effect on voice and swallowing disorders in 
patients with other neurologic disease have not 
been studied.   

   Conclusions 

 The purpose of this chapter was to provide a 
review of research evidence for rehabilitative 
treatment for use by deglutologists. Table  55.1  
provides an “At a Glance” summary reference for 
application of the rehabilitative treatments 
reviewed in this Chapter.  

 In order to best serve patients with dysphagia, 
we must utilize treatment techniques with sound 
theoretical, methodological, and analytical bases. 
A large body of research pertaining to treatment 
techniques for dysphagia currently exists, most 
studies have included relatively small numbers of 
subjects, and many have not controlled for effects 
of aging, disease, treatment dose effect on out-
come, patient compliance issues, etc. These stud-
ies provide primarily evidence Levels III, IV, and 
V. Few published studies present Level II evi-
dence, those reporting on the effectiveness of lin-
gual strengthening and the Shaker Exercise 
rehabilitative treatments. Further research is 
needed to establish the ef fi cacy of rehabilitative 
treatment for speci fi c deglutitive disorders and to 
establish treatment dosage to ensure better cost 
effectiveness and positive patient deglutitive out-
comes from rehabilitation programs. 

 As new treatment techniques are introduced, 
those treating deglutitive disorders should criti-
cally examine the rationale of the supportive 
research. Deglutologists should utilize rehabilita-
tive treatment techniques only when there is 
reasonable knowledge, evidence, and expectation 
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that the patient will bene fi t from the treatment. 
Without research evidence coupled with clinical 
experience and patient’s expectations, deglutolo-
gists have no assurance that their efforts will 
bene fi t the dysphagic patient.      
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   Introduction: Applications 
of Electrical Stimulation for the 
Treatment of Motor Control Disorders 

 The use of electrical stimulation for assisting 
patients with motor control disorders has been 
explored for several decades, although its 

application to swallowing is relatively recent. 
When electrical stimulation is applied at rest to 
increase muscle power and prevent muscle atro-
phy  [  1  ] , it is known as  neuromuscular stimula-
tion . Electrical stimulation to augment sensory 
input to the spinal, brain stem, or cortical con-
trol systems for the facilitation of patient move-
ment  [  2  ]  is known as  sensory facilitation . Many 
applications use electrical stimulation of nerves 
and/or muscles applied at precise times to aug-
ment purposeful movement  [  3  ]  known as  func-
tional electrical stimulation . These three types 
of electrical stimulation are summarized in 
Table  56.1 .  

      Electrical Stimulation Treatment       

     Christy   L.   Ludlow         

    C.  L.   Ludlow   (*)
     Communication Sciences and Disorders Credentials , 
 James Madison University ,
  Harrisonburg ,  VA ,  USA    
e-mail:  ludlowcx@jmu.edu   

  Abstract 

 This chapter reviews ongoing research using electrical stimulation in 
 dysphagia. Neuromuscular stimulation on the skin overlying the throat area 
resists hyo-laryngeal elevation during swallowing and does not increase 
bene fi t over traditional dysphagia therapy. Sensory stimulation of the pha-
ryngeal mucosa has bene fi ts for early recovery of swallowing post stroke 
but requires catheter insertion into the pharynx. Functional electrical stimu-
lation has been most useful for limb control rehabilitation and has not been 
applied in dysphagia but presents with several technical challenges before 
it can be implemented. The use of electrical stimulation for dysphagia is at 
an early stage in its development but has great potential for the future 
bene fi ts in dysphagia rehabilitation.  

  Keywords 

 Dysphagia  •  Neuromuscular stimulation (NMES)  •  Electrical stimulation  
•  Sensory stimulation  •  Functional electrical stimulation (FES)      
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   Neuromuscular Stimulation 

 Neuromuscular stimulation (NMES) uses a regu-
lar rate of stimulation of a nerve to maintain mus-
cle activity. Stimulation is typically cycled “on” 
for short intervals with rest “off” intervals of no 
stimulation to prevent fatigue. A usual duty cycle 
is 5 s on and 10 s off to prevent muscle fatigue 
and injury. The rate of stimulation is usually sim-
ilar to the rate of  fi ring of motor neurons for that 
muscle, such as 30 Hz in most spinal muscles. 
There are a few exceptions; the eye muscles can 
 fi re more rapidly >100 Hz for short periods of 
3–5 s without fatigue. Similarly some of the 
laryngeal muscles can  fi re more rapidly for short 
periods (>90 Hz). For most muscles, however, 
the usual rate is around 30 Hz for short periods of 
3–5 s on interspersed with longer off periods 
of 10–15 s. 

 The type of electrical stimulation used is 
dependent upon the underlying mechanisms of a 
patient’s motor control disorder. NMES is used 
to prevent disuse atrophy or reverse muscle atro-
phy. For NMES to be effective, the nerve inner-
vating the muscle must be intact for the electrical 
stimulation to induce an action potential that will 
be transmitted along the nerve to the endplate 
and release acetylcholine at the neuromuscular 
junction to activate muscle  fi bers. Electrical 
stimulation does not activate muscle  fi bers 
directly; rather contractions occur as a result of 
action potentials induced in the nerve by changes 

in the electrical  fi eld that produce neurotrans-
mission at the neuromuscular junction. For elec-
trical stimulation to activate the muscle, the 
neural system controlling the muscle must be 
intact including the motor neuron, the axon, and 
the neuromuscular junction. Types of pathology 
that impact the neural system innervating a mus-
cle include pathologies that affect lower motor 
neurons as occurs in some patients with amyo-
trophic lateral sclerosis, peripheral nerve injury 
that can result in distal nerve degeneration, loss 
of myelin sheath covering the axons affecting 
axonal conduction, or disruption of function at 
the neuromuscular junction. Neuromuscular 
abnormalities include a block in acetylcholine 
release into the neuromuscular junction after 
botulinum toxin poisoning or antibodies to ace-
tylcholine as occurs in myasthenia gravis caus-
ing rapid depletion of acetylcholine at the 
neuromuscular junction resulting in fatigue. 

 Thus neuromuscular electrical stimulation is 
only useful when the peripheral nerve is intact. 
   Patients with upper motor neuron injuries follow-
ing stroke or traumatic brain injury where the 
peripheral nervous system is intact but communi-
cation from the central nervous system is impaired 
either at the cortex, involving the corticospinal 
tract, or above the level of the motor neurons in 
the brain stem or spinal cord are appropriate for 
NMES. NMES is most helpful when it is applied 
to peripheral nerves to activate a muscle when the 
patient can no longer activate the motor neurons 

   Table 56.1    Characteristics of different types of electrical stimulation   

 Type  Purpose 
 Frequency and duration 
of stimulation  Bene fi ts 

 Neuromuscular 
stimulation (NMES) 

 Stimulate nerve or 
nerve endings innervating 
a muscle 

 30 Hz 
 3–5 s on, 10–15 s off 

 Prevents muscle atrophy or 
reduces atrophy in upper 
motor neuron disorders 

 Sensory stimulation  Increases sensory input 
to central nervous system 

 2 Hz 
 Immediately prior to 
or during movement 

 Increases excitability in central 
nervous system and may increase 
neuroplasticity 

 Functional electrical 
stimulation 

 Augments a patient 
movement during behavior 
by stimulating a group of 
muscles during movement 

 Must be triggered to 
occur synchronous 
with the patient’s 
target movement 

 Augments the patient’s movement 
and has recently been shown to 
increase neuroplasticity 
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due to a lesion above the level of the motor neu-
rons in the spinal cord or when communication 
from the cortex to the motor neurons in the spinal 
cord or brain stem is lost.    A typical use of NMES 
is when a person has a spinal cord injury and has 
lost the ability to use his or her legs but wants to 
maintain muscle bulk in their legs for appearance. 
Here surface stimulation over the thighs can be 
cycled to activate the muscle at regular intervals 
with intervening rest intervals. 

 Care must be taken not to stimulate at too fast 
a rate or for too long an interval to prevent mus-
cle injury. Electrical stimulation that induces 
strong isometric contractions (that is, the length 
of the muscle is not reduced although the mus-
cle is trying to shorten) at high rates such as 
75 Hz has been shown to induce muscle damage 
 [  4  ] . Further, recent research compared maxi-
mum voluntary isometric contractions with 
electrical stimulation evoked isometric contrac-
tions when both were 4 s isometric contractions 
followed by 15 s rest and showed that damage 
was greater with electrical evoked isometric 
contractions  [  5  ] .  

   Sensory Stimulation 

 When a low rate of electrical stimulation, usually 
between 2 and 5 Hz, sends nerve pulses in affer-
ent nerve endings to the central nervous system, 
it can elicit increased excitability in corticobulbar 
and craniobulbar projections to the swallowing 
musculature  [  6  ]  as well as in cortical regions 
involved in volitional movement control  [  7  ] . The 
sensory facilitation and inhibition of other sys-
tems in the body by electroacupuncture on differ-
ent afferents are currently being elucidated  [  8  ] . 
The electrical stimulation of afferents has been 
examined to a lesser degree than vibrotactile and 
touch stimulation likely because electrical stimu-
lation is more likely to become painful if the cur-
rent is increased while pressure and vibrotactile 
stimulation rarely excite pain  fi bers and are 
con fi ned to mechanoreceptors. Electrical stimu-
lation of skin afferents on the limbs is relatively 
easy compared to the intra-oral, laryngeal, and 

pharyngeal regions that contain both the 
glossopharyngeal and laryngeal afferents known 
to have excitatory input to the brainstem swal-
lowing regions  [  6,   9,   10  ] . 

 Electrical sensory stimulation is useful for 
increasing excitability of the central nervous 
system in regions that are normally involved in 
movement control. Many cutaneous afferents 
are rapidly adapting and will only respond to 
stimulation onset and offset  [  11  ] ; therefore sin-
gle short afferent stimuli can be effective. 
Sensory stimulation is most effective in aiding 
movement if it is provided immediately before 
the patient needs to move or during the move-
ment to increase cortical activity in the relevant 
area  [  12  ] . As neural responses to sensory stimuli 
are fast, short-lived, and rapidly adapt, sensory 
stimuli should be short infrequent volleys (less 
than 3 Hz) and applied sparingly, that is, imme-
diately before movement onset and during 
movement. Sensory stimuli are particularly 
bene fi cial when they are applied within 200 ms 
prior to movement  [  12  ] .  

   Functional Electrical Stimulation 

 When the peripheral muscle contraction is 
induced by electrical stimulation coincident with 
the patients’ motor behavior it can augment the 
patient’s motor behavior and increase function. 
An example of this is the assistance of patients 
during walking by providing functional electrical 
stimulation to prevent foot drop during the lift 
and swing phase of walking. Here the patient is 
bene fi ted by a system that corrects for a move-
ment control de fi cit (foot drop) by electrically 
induced muscle stimulation that is activated dur-
ing walking. Recent analysis has found that 
patients prefer such functional electrical stimula-
tion (FES) systems to orthotic braces that prevent 
foot drop  [  13  ] . Recent evidence has also sug-
gested that FES systems have a further rehabilita-
tion bene fi t as they interact with the patients’ 
central neural control by enhancing neuroplastic-
ity. This was demonstrated by increased corti-
cospinal conduction and muscle function in 
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stroke patients  [  14  ] . A recent trial comparing 
cyclic NMES with a contralaterally controlled 
FES system found signi fi cantly greater bene fi ts 
from the FES system in stroke patients  [  15  ] . 
The superiority of FES systems is exciting but 
challenging. These systems are much more com-
plex than NMES which only requires placing a 
stimulator on a muscle and programming a duty 
cycle of a few seconds stimulation alternated 
with rest time. A FES system, on the other hand, 
needs to be triggered during the patient’s move-
ment, must be programmed to occur in synchrony 
with movement to augment it, and must target 
particular muscles to activate in order to augment 
a patient’s movement. 

    To summarize, for rehabilitation purposes 
NMES is least bene fi cial as it only prevents mus-
cle atrophy and maintains muscle bulk, while 
both sensory and FES can bene fi t the patient’s 
ability to move and produce the target behavior 
thus altering cortical physiology with greater 
potential for neurorehabilitation.   

   Application of Electrical Stimulation 
Systems to Swallowing 

 Although electrical stimulation has received a 
great deal of attention in recent years in the swal-
lowing literature, it is still in its infancy in con-
trast with limb control. Clinical applications 
currently in use are con fi ned to neuromuscular 
stimulation. 

   Neuromuscular Stimulation 
for Deglutition 

 Vital Stim ®  is a commercially available transcu-
taneous neuromuscular stimulation system that is 
used today during swallowing therapy by allied 
health professionals (particularly speech patholo-
gists). This is the only NMES system currently 
cleared for use on the human throat area by the 
Food and Drug Administration. This system uses 
surface electrical stimulation to produce muscle 
contraction in the neck. Two bipolar pairs of elec-
trodes are placed in the submental region and 
over the laryngeal area on the neck. Each pair is 
placed on the patient and the current is increased 
until the patient feels a strong muscle tug indicat-
ing that muscles in the region are contracting. 
The muscles that are contracting are those that 
are in close proximity to the surface where nerve 
endings innervating the muscle are most likely to 
be in the electrical  fi eld. These are schematized 
in Fig.  56.1  and their actions are summarized in 
Table  56.2 .   

 Several aspects of how this stimulation is 
applied are not congruent with usual methods of 
NMES. First the rate of stimulation is at 80 Hz 
which is fast for the neck muscles being stimu-
lated which should normally be stimulated at 
30 Hz. Second the duty cycle is likely to induce 
fatigue as the stimulator stays on for 59 s and 
cycles off for 1 s. Finally the training course 
instructs therapists to leave it turned on for 60 min 
during a therapeutic session. 

  Fig. 56.1    A schematic illustration of the amplitude of the electrical  fi eld affecting muscles from the surface to layers 
beneath the skin in the submental and the throat areas       
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 Studies measuring movement of the hyoid 
and the top of the subglottic air column when the 
Vital Stim ®  device was applied in healthy volun-
teers at rest and recorded with video fl uoroscopy 
demonstrated that stimulation induced a lower-
ing of the hyoid by about 10 mm and the sub-
glottal air column by about 3 mm  [  16,   17  ] . 
During submental stimulation alone no appre-
ciable or consistent elevation of the hyoid 
occurred  [  16  ] . Further, stimulation did not pen-
etrate to the intrinsic laryngeal muscles as no 
effect was found on vocal fold closure  [  18  ] . 
When NMES was applied to patients with severe 
chronic dysphagia, improvements in penetration 
and aspiration found in some patients suggested 
that by pulling down the hyoid and larynx, the 
effects of NMES were to resist hyo-laryngeal 
elevation, thus making some patients attempt a 
more effortful swallow  [  17  ] . The authors cau-
tioned, however, that patients who could not 
overcome the lowering of the hyo-laryngeal 
complex with stimulation might be placed at 
increased risk of aspiration if given material to 
swallow during stimulation. 

 The effects of NMES induced hyo-laryngeal 
lowering on swallowing were further explored in 
healthy volunteers  [  19  ] . NMES stimulation was 
used in an experimental and a control group for 
ten 20 min sessions when stimulation was over 

the anterior neck. In the experimental group stim-
ulation was set to induce hyo-laryngeal lowering 
while in the control it was set at a low current to 
only induce a tingling sensation without move-
ment. Both groups were instructed to swallow 
forcefully 2 ml of water every 10 s for 10 min 
during stimulation, and then after a rest period, 
the second 10 min period of stimulation with 
swallowing was applied. After ten sessions, the 
level of hyo-laryngeal elevation was measured 
during swallowing on video fl uoroscopy in 
both groups. Increased hyo-laryngeal elevation 
occurred immediately after treatment only in the 
experimental group; however, this effect on hyo-
laryngeal elevation was not retained 2 weeks after 
the training. In this study both groups of healthy 
volunteers received stimulation, one at the motor 
and the other at the sensory levels, and both 
groups were at the same rate. 

 Studies comparing Vital Stim ®  with other 
approaches to dysphagia rehabilitation have not 
been similarly controlled. Dysphagia rehabilita-
tion has traditionally emphasized diet manipula-
tion such as thickeners and compensatory gestures 
such as chin tuck and head turn  [  20  ] . Additional 
approaches when patients do not have adequate 
hyo-laryngeal elevation have included the super-
supraglottal swallow  [  21  ] . However, few dys-
phagia regimens include frequent forceful 

   Table 56.2    The muscles of the submental and cervical regions, their locations, depth, and actions   

 Muscle  Region  Depth  Action 

 Submental region 
 Platysma  Bottom of mandible to 

sternum 
 Beneath the skin  Stiffens the neck surface 

 Anterior belly 
of the digastric 

 Hyoid to styloid process  Beneath the platysma  Opens the jaw or if teeth clenched 
raises the hyoid 

 Mylohyoid  Floor of chin from inside 
mandible to midline 

 Beneath the anterior belly 
of digastric 

 Raises the hyoid upwards and 
forwards 

 Geniohyoid  From anterior hyoid to 
inside of mandible 

 Beneath the mylohyoid  Pulls the hyoid forward 

 Cervical region 
 Platysma  Bottom of mandible to 

sternum 
 Beneath the skin  Stiffens the neck surface 

 Sternohyoid  Hyoid to sternum  Beneath the platysma  Pulls the hyoid downwards 
 Thyrohyoid  Hyoid to the thyroid 

cartilage 
 Beneath the sternohyoid  Pulls hyoid downwards if hyoid 

 fi xed pulls thyroid up 
 Sternothyroid  Thyroid to sternum  Beneath the sternohyoid  Pulls thyroid cartilage down 
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swallowing at regular and frequent intervals for 
an hour as is recommended during Vital Stim ®  
therapy. Clinicians are trained to have patients 
swallow forcefully throughout an hour while 
the NMES stimulation is continuously applied. 
Therefore, the Vital Stim ®  therapy contains two 
important components: the NMES effect and the 
effect of swallowing forcefully continuously for 
1 h during the therapy. It is unknown which of these 
two components might be producing a therapeutic 
bene fi t. 

 Most of the clinical trials that have been con-
ducted to compare NMES with other types of 
dysphagia therapy have not been adequately 
controlled. These are listed in Table  56.3 . One 
study used thermal-tactile stimulation as the 
control therapy which was not found to be 
bene fi cial  [  22  ]  and therefore was not an ade-
quate control therapy. Another study compared 
a patient’s self-administered home program with 
submental NMES administered by a profes-
sional in the hospital; the amount of therapeutic 
contact was dissimilar  [  23  ] .    When NMES ther-
apy administered by a physician was compared 
with dysphagia therapy administered by an 
occupational therapist, the difference in the pro-
fessional group may have biased the patients 
who rated their change in oral intake  [  24  ] . Only 
the Ryu et al. study controlled both the therapy 
and the stimulation aspects by comparing the 
same therapy approach with sham and active 
stimulation patient groups. The outcomes of the 
two groups were compared on four measures 
without corrections for multiple comparisons to 
 p   £  0.0125. One measure showed a difference in 
outcome between the two groups with a  p  value 
of 0.04. None of the other three comparisons 
showed a difference in outcome between the 
sham and active stimulation group  [  25  ] .    The 
only other random controlled trial that compared 
NMES with forceful swallowing with dysphagia 
therapy that included diet modi fi cation, maneu-
vers, and other treatment techniques found no 
signi fi cant difference in outcomes on several 
measures  [  26  ] . To date, the addition of NMES 
with forceful swallowing does not show a con-
sistent bene fi t over current approaches to dys-
phagia therapy.   

   Sensory Electrical Stimulation 
for Swallowing 

 Electrical stimulation for sensory stimulation to 
aid the rehabilitation of deglutition has also 
received research attention. Two sensory nerves, 
the superior laryngeal nerve and the glossopha-
ryngeal nerve, can induce  fi ctive swallowing in 
animals  [  27–  29  ] : the superior laryngeal nerve 
contains afferents from the mucosa in the laryn-
geal vestibule and overlying the arytenoids and 
the glossopharyngeal nerve contains afferents 
from the faucial pillars in the posterior oral cavity 
and the mucosa overlying the pharynx  [  30  ] . 
Stimulation of afferents in the glossopharyngeal 
nerve has received the most attention for increas-
ing the excitability of swallowing, although the 
superior laryngeal nerve has the greatest impact 
in eliciting  fi ctive swallowing in animal prepara-
tions  [  29  ] . The greater attention to the use of 
glossopharyngeal stimulation for the enhance-
ment of swallowing is most likely due to limited 
access to the laryngeal region for stimulation and 
the risk of induction of laryngospasm and respi-
ratory slowing with laryngeal stimulation  [  31  ] . 

 Electrical stimulation of three regions with 
innervation by afferents contained in the 
glossopharyngeal nerve has been explored for 
triggering swallowing: the faucial pillars  [  32  ] , 
the soft palate  [  33  ] , and the pharyngeal region 
 [  34  ] . Electrical stimulation of the anterior faucial 
pillar of the oral cavity using a  fi nger mounted 
electrode assembly examined changes in cortical 
excitability using transcranial magnetic stimulation 
(TMS) to evoke responses in the pharyngeal mus-
culature. It was found that faucial pillar electrical 
stimulation at a low rate, 0.2 Hz, enhanced pha-
ryngeal responses up to 60 min after stimulation, 
although no effect on swallowing behavior was 
found  [  32  ] . A subsequent study in patients with 
dysphagia also found no change in laryngeal ele-
vation, pharyngeal transit time, or aspiration sever-
ity within patients 60 min after stimulation or 
between sham and active stimulation groups  [  35  ] . 

 Park et al. conducted an exploratory pilot on 
the use of electrical stimulation using a palatal 
prosthesis at 1 Hz to enhance dysphagia. In all 
four cases stimulation was presented at a level 
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that induced sensation but then increased until a 
motor response indicated a  fl ickering motion in 
the palate  [  33  ] . Video fl uoroscopic recordings 
were used to evaluate 5 ml barium swallows; one 
of the patients showed reduced penetration with 
stimulation, and another showed reduced residual 
in the pyriform sinuses; no changes were seen in 
the other two cases. 

 The most successful use of electrical stimula-
tion for sensory activation involved electrical stim-
ulation of afferents in the pharyngeal area  [  34,   36, 
  37  ] . Electrical stimulation of the pharyngeal wall 
was administered using a pair of ring electrodes 
contained in a pharyngeal catheter inserted either 
transnasally or orally into the pharynx. In early 
studies it was found that 5 Hz was more effective 
than more rapid rates of stimulation for increasing 
TMS-evoked responses in the pharyngeal muscles 
 [  34  ] . fMRI scans conducted 1 h after sham versus 
active stimulation showed increased responses in 
the sensorimotor cortices bilaterally to a greater 
degree in the active stimulation group in healthy 
volunteers. Pharyngeal electrical stimulation 
(PES) has been used to deliver sensory input to 
afferents in the pharyngeal wall and is delivered at 
5 Hz at 75% of maximum tolerated levels usually 
for 10 min  [  34  ] . When more rapid rates of 
20–40 Hz are used, motor twitches can be observed 
in the pharyngeal musculature  [  34  ] . Sham stimula-
tion uses the same catheter and after raising the 
stimulation level to identify the person’s maximum 
tolerated level the electrical current is turned off 
when stimulation begins. In post-stroke patients 
with dysphagia, the same approach to PES 
increased TMS responses in the unaffected hemi-
sphere and improved swallowing by reducing 
aspiration, swallowing response time, and pharyn-
geal transit 1 h after 10 min of stimulation but not 
in the patients with sham stimulation  [  34  ] . Finally, 
a recent placebo-controlled trial compared active 
versus sham PES in randomly assigned patients 
within 2 weeks following stroke with dysphagia 
 [  37  ] . The percentage of abnormal aspirate swal-
lows was signi fi cantly reduced in the active group 
but not in the sham group 2 weeks later. 
Additionally, the period of hospitalization was 
shorter in the active group demonstrating that this 
treatment was bene fi cial. 

 Studies using sensory glossopharyngeal stimu-
lation have indicated a signi fi cant bene fi t both in 
the ability to induce cortical activation in brain 
regions, increase TMS-evoked potentials, and 
improve swallowing. However, one of the 
dif fi culties with these techniques is the placement 
of devices into the oral cavity which can interfere 
with bolus control. The most promising treatment 
approach is pharyngeal stimulation; however, this 
is relatively invasive and requires passing a pha-
ryngeal catheter for application which is not easily 
tolerated and may be dif fi cult for patients who are 
fragile. If the patient is already requiring nasogas-
tric tube feeding early post stroke, it might be pos-
sible to pass the stimulating catheter at the same 
time as the nasogastric tube. However, for rehabili-
tation, the need to pass a pharyngeal catheter for 
stimulation could limit the use of such a device.  

   Functional Electrical Stimulation 
in Dysphagia 

 To date, no reports exist in the literature regarding 
the use of FES where nerve/muscle stimulation is 
used to augment movement synchronous with 
swallowing which has been the most effective 
method of the use of electrical stimulation for 
limb control rehabilitation  [  14,   15  ] . The use of 
synchronous functional electrical stimulation dur-
ing retraining is thought to induce increased neu-
ral plasticity as the patient is practicing the target 
behavior by activating cortical substrates involved 
in the behavior. At the same time the motor output 
is enhanced by the peripheral stimulation of mus-
cles that will augment the patient’s motor output. 
Furthermore, the patient will receive synchronous 
sensory feedback from the execution of the target 
behavior as schematized in Fig.  56.2 . The sensory 
feedback, in turn, may enhance motor excitability 
improving volitional control.  

 There are many technical dif fi culties that 
would need to be overcome to implement a FES 
system for deglutition. First the timing of a trig-
ger for peripheral stimulation to enhance motor 
output by muscle stimulation during swallowing 
is dif fi cult to envision. If an electromyographic 
(EMG) signal such as submental EMG were used 
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as implemented by Leelamanit et al.  [  38  ] , this 
would not be speci fi c to swallowing as the sub-
mental musculature is active during any move-
ment that involves jaw motion such as chewing 
and speaking in addition to the initiation of 
swallowing. Second, the ability to activate the 
target muscle at the correct time during swal-
lowing is dif fi cult as there is a great deal of vari-
ation in the timing of the many muscles that are 
active during swallowing both within and 
between persons  [  39  ] . Third, the same variation 
in the duration that the muscles are active during 
swallowing is also a consideration. This makes 
it challenging to develop FES systems for 
deglutition rehabilitation.   

   Considerations for Developing 
Functional Rehabilitation 
Systems for Deglutition 

 Although this chapter has dealt with the role of 
electrical stimulation for enhancement and 
rehabilitation of swallowing; any stimulation 
system for augmentation of swallowing has to 

meet many obstacles because of the nature of 
swallowing. Firstly, swallowing is one of the 
many integrative systems affecting the upper 
airway. Others include other protective upper 
airway mechanisms such as cough as well as 
chewing, breathing, and voice for speech. The 
interaction between breathing, eating, speech, 
and swallowing is required throughout a meal 
although errors in the integration of these 
behaviors can be critical; for example, inhala-
tion prior to exhalation for speech cannot co-
occur during ingestion. Swallowing often 
suppresses some of these other behaviors; for 
example, laryngeal adductor re fl exes for airway 
protection are suppressed during swallowing 
when the laryngeal adductor muscles are acti-
vated at particular points during swallowing 
 [  40  ] . Most of the muscles that are active for 
swallowing are also active during these behav-
iors but in different patterns for speech/voice, 
chewing, breathing, and cough  [  41  ] . 

 This makes the automatic triggering of a neu-
roprosthesis system for swallowing almost 
impossible as the initial events prior to a swallow 
such as jaw closing and tongue movement occur 

  Fig. 56.2    A schematic diagram illustrating the mecha-
nisms involved in functional electrical stimulation sys-
tems for use in rehabilitation of patients with dysphagia 
who have impaired cortical control as a result of brain 
lesions. As the patient is practicing the target behavior by 
activating cortical substrates involved (1) the motor out-

put is enhanced by the peripheral stimulation of muscles 
(2) that will augment the patient’s motor output. In addi-
tion, the patient will receive synchronous sensory feed-
back from the execution of the target behavior (3) that 
may enhance motor excitability improving volitional 
control       
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during each of these other integrative systems. 
For an FES system to be activated for swallow-
ing; an automatic triggering system would likely 
be activated by the other upper airway integra-
tive systems involving the same structures. One 
solution is to have the patient trigger the system 
themselves. We examined the ability of healthy 
volunteers to initiate a trigger mechanism coin-
cident with their own swallowing and found that 
within  fi ve trials the subjects were able to syn-
chronize their stimulation onset with the onset of 
mylohyoid activation at the early stage of pha-
ryngeal swallowing  [  42  ] . This suggested that for 
volitional swallowing a patient triggered system 
might be feasible. However, this would not 
suf fi ce for the control of secretions. An auto-
matic timer initiating stimulation at regular inter-
vals once every 3–5 min might be able to control 
saliva if a swallow could be initiated. As  fi ctive 
swallowing can be triggered by stimulation of 
either the glossopharyngeal nerve or the internal 
branch of the superior laryngeal nerve in animals 
 [  29  ]  a sensory trigger might also be used to trig-
ger automatic swallows in patients. However, if 
the patient cannot swallow safely on their own 
this approach could put them at risk of aspira-
tion. Therefore, when triggering a swallow for 
saliva control, the patient’s swallow will likely 
need to be augmented concurrently by multiple 
muscle stimulation. Studies of muscle stimula-
tion in healthy volunteers have demonstrated 
that intramuscular stimulation can augment 
hyo-laryngeal elevation  [  43  ]  and might be able to 
increase airway protection during swallowing. 
Swallowing, however, is a patterned activity 
involving multiple muscles in an overlaid 
sequence which vary in timing  [  39  ]  and are 
active for short intervals at different points 
throughout a swallow. Prolonged maximal stim-
ulation of some muscles during a swallow might 
interfere with the pattern and not allow the bolus 
to pass through the hyopharynx and into the 
esophagus without entering the laryngeal vesti-
bule. This presents the  fi nal challenge in the 
development of an FES for swallowing: the need 
to develop programs for stimulating multiple 
muscles in sequence to augment swallowing in a 
variety of patients with dysphagia.  

   Conclusions and Recommendations 

 Electrical stimulation has been shown to have 
good potential as a possible adjunct for dysphagia 
rehabilitation; however, before it should be incor-
porated into clinical practice more research is 
needed on its effects. With regard to its use as a 
neuromuscular stimulation to prevent muscle 
atrophy, because surface stimulation has been 
shown to lower the hyo-laryngeal complex, it 
will likely reduce laryngeal elevation during 
swallowing. Research is needed on the impact of 
this in particular types of patients. Physiological 
studies of patients’ changes in swallowing during 
stimulation are needed to ensure that it is safe 
depending upon the patient’s type and extent of 
physiological de fi cit given that hyo-laryngeal 
lowering is likely to occur with stimulation. 

 Sensory stimulation has already been shown 
to alter swallowing physiology and holds great 
promise. The challenge, however, is to make sys-
tems for stimulation less invasive and easy to 
implement during swallowing behavior. Limb 
control systems have already demonstrated that 
sensory stimulation is most effective when it is 
applied immediately before or during the target 
motor behavior  [  12  ] . Whether or not this is the 
case for swallowing needs to be determined. Most 
of the systems used to date have not used the sen-
sory stimulation concurrent with swallowing 
which might have the greatest bene fi t. 

 Finally the use of FES systems that integrate 
motor and sensory augmentation may hold 
promise but also present the greatest technical 
challenge. Electrical stimulation applications to 
deglutition rehabilitation are only in their infancy 
but likely hold great potential for future use in 
this  fi eld.  

   Bullet Points 

    During electrical stimulation on the skin surface:
   Surface stimulation on the throat area pulls the • 
hyo-laryngeal complex downwards in the 
neck.  
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  Surface stimulation in the submental region • 
does not raise the hyoid or larynx.  
  Surface stimulation does not affect the intrin-• 
sic laryngeal muscles and does not change 
vocal fold opening or closing.  
  Combined surface stimulation on the throat • 
and submental regions resists hyo-laryngeal 
elevation during swallowing.     
  During electrical stimulation of the oral and 

pharyngeal mucosa:
   Stimulation should be at slow rates and at low • 
current levels to avoid painful stimulation.  
  Most appliances for providing intrinsic oral • 
and pharyngeal electrical stimulation may 
interfere with swallowing behavior.  
  For sensory stimulation to augment swallow-• 
ing control it should be concurrent with voli-
tional swallowing.     
  Functional electrical stimulation has not yet 

been applied to swallowing but may have greater 
potential for neurorehabilitation.         
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   History of Botulinum Toxin 

 Botulism, the clinical syndrome of botulinum 
toxin poisoning, comes from the Greek word for 
sausage, botulus. Originally, it referred to the ill-
ness caused by eating spoiled sausage and was 
 fi rst identi fi ed by the German physician, Justinus 

Kerner, between 1817 and 1822  [  1  ] . In 1895, van 
Ermangem identi fi ed  Clostridium botulinum  as 
the causative agent  [  2  ] . Twenty-four years later, 
Burke discovered that different strains of  C. botu-
linum  produce serologically distinct types of 
botulinum toxin  [  3  ] . She also identi fi ed the  fi rst 
two serotypes, which she labeled types A and B 
 [  3  ] . Ultimately, seven strains of  C. botulinum  
were identi fi ed and named, A–G, each with 
unique properties  [  4  ] . 

 In the 1920s, a crude form of botulinum toxin 
type A was isolated  [  5  ] , and the  fi rst attempts at 
puri fi cation were made by Dr. Herman Sommer 
 [  6  ] . During World War II, the United States gov-
ernment assigned a number of scientists at Fort 
Detrick, Maryland, to develop protection against 
botulinum toxins  [  5,   7  ] . By 1946, this group had 
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isolated pure botulinum toxin A in its crystalline 
form. The poison was shown to produce its effect 
by a multistep inhibition of acetylcholine release 
and uptake at the neuromuscular junction by Dr. 
Vernon Brook in the 1950s  [  5,   7  ] . Dr. Alan Scott 
began testing botulinum toxin A in monkeys as a 
possible therapy for strabismus in the 1960s and 
1970s  [  8  ] . Dr. Scott published the  fi rst paper 
showing the safety and ef fi cacy of botulinum 
toxin type A in humans in 1980. He showed that 
selective weakening of speci fi c extraocular mus-
cles with intramuscular injections of botulinum 
toxin type A could correct gaze misalignment in 
strabismus  [  9  ] . 

 Scott correctly predicted that botulinum toxin 
A would eventually be used to treat many condi-
tions characterized by muscle spasm or hyperac-
tivity. Today, it is used for a wide range of 
procedures, from facial rejuvenation to treatment 
of focal dystonia. During the clinical course of 
neuromuscular disorders affecting the pharynx, 
patients may present with a cricopharyngeal bar 
or an incomplete opening of the UES (Fig.  57.1 ). 
This  fi nding raises the therapeutic question of 
whether an intervention directed at this manifes-
tation of dysphagia is warranted.  

 Botulinum toxin A is a neurotoxin produced 
by the bacterium  C. botulinum  that inhibits the 

release of acetylcholine at presynaptic cholin-
ergic nerve terminals, thus preventing trans-
mission at the neuromuscular junction  [  10  ] . 
For detailed reviews on the molecular basis of 
this mechanism, readers are referred to 
Montecucco and Schiavo and Montal  [  11,   12  ]  
(see also Chap.   62    ). 

 Botulinum toxin does not cause neuronal 
death; rather, paralysis is due to degeneration of 
the synapse  [  13  ] . The lack of neuronal death pro-
vides the cellular basis for the reversibility of 
botulinum toxin effects. Within 2–4 months, the 
motor neuron reforms a functional neuromuscu-
lar junction  [  13  ] . 

 There are several commercial preparations of 
both botulinum toxin A (Botox ® , Dysport ® , and 
Xeomin ® ) and botulinum toxin B (Myobloc ® /
NeuroBloc ® ). While the therapeutic effects of 
botulinum toxins A and B are similar, adverse 
effect pro fi les differ  [  14  ] . Botulinum toxin B can 
produce more regional and systemic anticholin-
ergic effects, including xerostomia, hypohidrosis, 
dysphagia, constipation, and pyrosis  [  14  ] . While 
the use of botulinum toxin B has been described 
for cervical dystonia  [  15,   16  ]  and sialorrhea  [  17  ] , 
there are currently no reports on its use in dys-
phagia caused by upper esophageal sphincter 
(UES) hypertonicity.  

  Fig. 57.1    Contrast barium swallow revealing CP bar       
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   Anatomy of Upper Esophageal 
Sphincter Relevant to Botulinum 
Toxin Injection 

 The cricopharyngeus muscle is considered part 
of the pharyngoesophageal sphincter, also called 
the upper esophageal sphincter (UES). The phar-
yngoesophageal sphincter may also include the 
upper circular  fi bers of the esophagus and lower 
 fi bers of the inferior pharyngeal constrictor 
(Fig.  57.2 ). It serves as both an anatomical and 
functional transition zone between the oblique 
and rapidly acting muscles of the pharynx and the 
slower muscles of the esophagus  [  18  ] .  

 During a normal swallow, the pharyngoesoph-
ageal sphincter opens to allow passage of a bolus 
into the upper esophagus (Fig.  57.3 ).  

 This is a rather complex event requiring UES 
muscle relaxation, physical opening with exter-
nal force created by the anterosuperior move-
ment of the hyolaryngeal complex via attachments 
at the level of the cricoid, and passive expansion 
of the sphincter with internal pressure transmit-
ted to the bolus material from the tongue and 
pharynx and supported by the maintenance of 
low intrathoracic esophageal pressures  [  19  ] . The 
complexity is due to the position and composi-
tion of the cricopharyngeus muscle, which 

 originates from the posterolateral aspect of the 
cricoid cartilage and passes horizontally around 
to attach to the other side, without a median 
raphe. It contains a signi fi cant amount of elastic 
tissue and short muscle  fi bers with origins and 
insertions within the  fi bro-elastic connective tis-
sue (Fig.  57.4 )  [  20,   21  ] .  

 Schneider et al.  [  22  ]  described an endoscopic 
injection approach where the patient is placed 
under brief general anesthesia and the cricopha-
ryngeus is adjusted using a posteriorly placed 
long laryngoscope of Groningen esophagoscope 
 [  23  ] . Botulinum toxin is then administered via a 
laryngeal injection needle or butter fl y cannula to 
three areas: the dorsomedial and the bilateral 
ventrolateral aspects of the cricopharyngeus. 
Moerman described the importance of differenti-
ating the horizontal or sphincteric part of the cri-
copharyngeus from the lower  fi bers of the inferior 
pharyngeal constrictor. This can be accomplished 
under general anesthesia by elevating the larynx 
and placing a suction tube in the esophagus, 
resulting in an exposed rim representing the 
horizontal portion of the cricopharyngeus  [  24  ] . 
In addition to the endoscopic approach, a 
percutaneous approach under electromyography 
(EMG) guidance can also be utilized. In the 
 variation described by Murry et al.  [  25  ] , the injec-
tion needle is inserted percutaneously near the 

  Fig. 57.2    Swallow related anatomy of the UES during bolus transport       
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inferior border of the cricoid cartilage and 
advanced posteromedially, following the contour 
of the cricoid. Botulinum toxin is then injected 
into the cricopharyngeus, the inferior pharyngeal 
constrictor (2 cm above the cricopharyngeus), 
and the upper esophageal musculature (1–2 cm 
below the cricopharyngeus). The patient is asked 
to vocalize and tense the neck to ensure the nee-
dle is not placed in the intrinsic laryngeal muscu-
lature or strap muscles. As procedural bene fi t 
was observed according to both subjective patient 
self-reports and objective instrumental swallow 
examinations, the importance of avoiding the 
caudal inferior pharyngeal constrictor  fi bers is 
uncertain.  

  Fig. 57.4    Microanatomy of the UES, muscle, and 
connective tissue       

  Fig. 57.3    High resolution manometry of the UES with a 10 cc liquid swallow       
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   Rationale for the Use of Botulinum 
Toxin in the UES for Dysphagia 

 The  fi rst use of Botox for cricopharyngeal dys-
function was reported by Schneider et al.  [  22  ] . 
They reported on seven cases with improvement 
in  fi ve using a variety of measures and no compli-
cations. The rationale for the intervention is sup-
ported by prior literature and experience with 
surgical myotomy treating similar clinical enti-
ties. The use of Botox is often times described as 
a chemical myotomy and is effective at producing 
weakness in the targeted muscle. It is dose depen-
dent and will diffuse to surrounding tissues 
depending on the concentration and volume of 
 fl uid injected. The UES is a complex  fi bromuscular 
system which can develop increased muscle tone, 
resulting in dysphagia. When this is identi fi ed as 
the etiology, appropriately placed and dosed botu-
linum toxin will decrease the symptoms of and risks 
associated with dysphagia. Most cases of dys-
phagia, though, are multifactorial and the speci fi c 
contribution of the UES is often questionable. As 
UES relaxation and opening rely on several fac-
tors, it is important to assess the function of all 
these potential problem areas before committing 
to treatment with Botox. Assessment should 
include an evaluation of hyolaryngeal excursion, 
oral and pharyngeal muscle strength, sensory 
function, and airway protection including laryn-
geal movement. It is also important to document 
the status of vocal fold motion and pharyngeal 
strength as diffusion of Botox can lead to laryn-
geal paralysis and pharyngeal weakness  [  24  ] . 

 The importance and contributions of hyola-
ryngeal elevation and bolus volume to UES 
opening in normal subjects were well demon-
strated by Cook et al.  [  19  ] ; however, these rela-
tionships are lost or less obvious in patients with 
Zenker’s diverticulum and in patients with failed 
UES relaxation  [  26  ] . The static UES would sup-
port an intervention directed at this level. The 
ideal patient for Botox injection is similar to 
that described by Kelly for cricopharyngeal 
myotomy  [  27  ] . The patient should have ade-
quate hyolaryngeal elevation and tongue/pha-
ryngeal propulsion. The patient should also be 

medically and neurologically stable. 
Additionally, the UES dysfunction should be 
myogenic at its root cause and not secondary to 
 fi brosis or connective tissue changes such as 
fatty in fi ltration or in fl ammation.  

   Evidence Supporting the Use 
of Botulinum Toxin in the UES 
for Dysphagia 

 The use of botulinum toxin for treatment of dys-
phagia due to cricopharyngeal dysfunction has gar-
nered regular interest since the initial description 
by Schneider et al.  [  22  ] . Most articles published 
since then are case reports or case series conclud-
ing that botulinum toxin injections are an effective 
treatment for cricopharyngeal hypertonicity. 
Moerman et al.  [  24  ]  reviewed 16 articles published 
between 1994 and 2006 and found that 74 of 100 
patients experienced improvement after injection. 
Of these 16 studies, seven reported an improve-
ment rate of 100%, though this includes four case 
reports from the same authors presenting a total of 
eight patients with different disorders  [  28–  31  ] . 

 Alberty et al.  [  32  ]  performed botulinum toxin 
injection in ten patients with mild to severe 
dysphagia caused by pure UES dysfunction. UES 
opening improved in all patients and hypopha-
ryngeal retention and penetration was signi fi cantly 
reduced in four of seven patients. Clinical symp-
tom scores improved in all subjects, but the 
degree of improvement varied. One patient expe-
rienced complete relief and was free of symp-
toms, while mild dysphagia persisted in six 
patients and moderate dysphagia persisted in 
three patients. This pattern of improvement is 
consistent with reports by Schneider et al.  [  22  ] , 
Atkinson et al.  [  33  ] , and Blitzer et al.  [  34  ] , where 
most (if not all) patients experience a bene fi t from 
injection, but the degree of that bene fi t can vary 
considerably from restoration of normal function 
to only mild improvement. 

 Parameswaran and Soliman conducted a 
 retrospective review of 12 patients receiving 
endoscopic botulinum toxin injections in the 
 cricopharyngeus for dysphagia with cricopharyn-
geal spasm  [  35  ] . Eleven of the 12 patients 
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 experienced an improvement in their symptoms, 
with improvement lasting an average of approxi-
mately 4 months. Similar to the study by Alberty 
et al.  [  32  ] , a range of improvement in swallowing 
function from 25 to 100% was observed. Patients 
reported less dif fi culty passing a bolus, decreased 
meal times, and less coughing and choking 
during meals. 

 In the largest published series on this topic, 
Zaninotto et al.  [  36  ]  reported on 21 patients under-
going botulinum toxin injection to the cricopharyn-
geus for oropharyngeal dysphagia unresponsive to 
rehabilitation. Improvement after injection was 
reported in only 9 of the 21 patients (43%). Eight of 
11 patients who did not improve with botulinum 
toxin improved after myotomy. Despite the rela-
tively low success rate, the authors still advocate 
the use of botulinum toxin injection as a  fi rst-line 
option in the treatment of oropharyngeal dysphagia, 
as it is a safe and simple procedure. Multivariate 
analysis demonstrated that patients most likely to 
experience improvement have cricopharyngeal 
spasm on EMG and do not have severely impaired 
swallowing function on video fl uoroscopy. 
Accordingly, the comparatively low success rate 
reported in this study may be due to differences in 
subject selection criteria, as most studies employ 
more strict criteria and include only subjects with 
isolated cricopharyngeal dysfunction. 

 Several themes are present in the majority of 
published case series on botulinum toxin injec-
tion for the management of UES dysfunction. 
First, relatively high success rates are reported 
consistently. While each report consists of a 
limited number of subjects, pooling the studies 
reveals fairly consistent improvement in symp-
toms for most patients. Second, the complica-
tion rate is low. In the review by Moerman et al. 
 [  37  ] , nine complications were reported for 100 
patients. This included one case of urinary reten-
tion caused by anesthesia, one case of neck cel-
lulitis in a patient undergoing simultaneous 
excision of a thyroglossal duct cyst  [  35  ] , and 
one patient dying from aspiration attributed to 
the underlying disease  [  36  ] . A low complication 
rate combined with the relative ease of perform-
ing the procedure compared to myotomy makes 
botulinum toxin injection an appealing therapeutic 

option in appropriate patients. Third, there is a 
consistent call for studies evaluating treatment 
effects in a larger number of patients with lon-
ger duration of follow-up. While a meta-analysis 
could answer some questions regarding treat-
ment ef fi cacy, differences in outcome measures 
across studies preclude rigorous quantitative 
statistical analysis. Though larger studies evalu-
ating duration of improvement and the bene fi t of 
repeat injections are warranted, the current lit-
erature provides support for the use of botuli-
num toxin injections in cases of cricopharyngeal 
spasm or hypertonicity. 

 Adding botulinum toxin injection to cri-
copharyngeal dilation can be strongly sup-
ported (Fig.  57.5 ). With direct access to the 
UES at the time of dilation, the agent can be 
guided precisely into the posterior two-thirds 
of the muscle in small volumes with high con-
centrations. Coupling chemical myotomy with 
physical dilation should increase the likelihood 
of long-term bene fi t by addressing both the 
muscular and connective tissue components of 
the UES.   

   Conclusion 

 Although there are no absolute criteria for the use 
of botulinum toxin in the management of dys-
phagia, most carefully selected patients will 

  Fig. 57.5    Direct injection into UES at time of operative 
dilatation       
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bene fi t from its addition to their treatment plan. 
When used correctly, the risk of harm is extremely 
low. Considering the pathophysiology of an indi-
vidual patient’s dysphagia is paramount when 
deciding whether to perform a botulinum toxin 
injection. As botulinum toxin is a paralytic agent, 
it is valuable for dysphagia caused by excessive 
muscle activity. The most favorable outcomes 
will be seen in patients with documented UES 
muscular hypertonicity identi fi ed by manometry 
and/or EMG; however, it is also likely to be 
bene fi cial to individuals with otherwise preserved 
pharyngeal function but evidence of persistent 
UES narrowing when swallowing a large bolus. 
There is no support for its use in patients with 
signi fi cant pharyngeal weakness, progressive 
neuromuscular disease, scar, or  fi brosis. It should 
also not be used in the treatment of Zenker’s 
diverticulum where complete surgical myotomy 
is known to be highly effective.      
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 Cricopharyngeal myotomy is a recognized treat-
ment for disorders of the pharyngoesophageal 
junction  [  1–  5  ] . The open cervical approach pro-
vides good exposure for this operation that aims at 

improving Bolus transport between pharynx and 
cervical esophagus  [  6  ] . Since the early 1990s, the 
advent of minimally invasive surgery has stimu-
lated the development of less invasive techniques to 
remove the obstructive effects of the cricopharyn-
geus. This chapter aims to review the indications, 
the technique, and the documented results of cri-
copharyngeal myotomy when using the open or the 
endoscopic approaches to treat the dysfunction. 

 Independent of the approach, the indications 
to proceed with a surgical treatment are most 
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important. The etiology of oropharyngeal symp-
toms related to disorders of the pharyngoesopha-
geal junction can usually be categorized in  fi ve 
major sections  [  7  ] . 

  Neurologic  oropharyngeal dysphagia is seen in 
patients suffering neurological damage at any 
level of the afferent or efferent pathway or in the 
brainstem and the cerebral cortex, where integra-
tion of the information for swallowing takes place. 
Neurological disease, cerebrovascular lesions, 
tumors, or neurosurgical interventions may result 
in incapacitating oropharyngeal dysphagia  [  8  ] . 

  Myogenic  disorders occur at the motor end-
plate of the skeletal muscle or in the skeletal mus-
cle itself. Myasthenia gravis is the characteristic 
disorder of the motor endplate but is rarely an 
indication for surgical treatment. Skeletal muscle 
diseases include muscular dystrophies, mostly its 
oculopharyngeal form, and in fl ammatory myosi-
tis. Metabolic myopathies as in hyperthyroidism 
are rare indications to treat the pharyngoesopha-
geal dysphagia by cricopharyngeal myotomy  [  9  ] . 

  Idiopathic  cricopharyngeal muscle dysfunction 
is seen when abnormal function of the cricopha-
ryngeus is documented without evident neurologi-
cal or neuromuscular disease. The dysfunction 
resides in the sphincter itself which acts as an 
obstructive factor for the swallowing mechanism. 
The etiology of this idiopathic dysfunction remains 
unclear. Patients with a symptomatic cricopharyn-
geal bar, an upper esophageal sphincter that does 
not relax with or without pharyngoesophageal 
diverticulum are good examples of idiopathic cri-
copharyngeal muscle dysfunction. The manage-
ment of pharyngoesophageal diverticulum is 
described in a separate chapter. It remains unclear 
if idiopathic dysfunction of the cricopharyngeus 
represents the same muscle pathology that might 
eventually evolve in the herniation of mucosa and 
submucosa through the muscular wall. 

  Iatrogenic  causes may be responsible for 
oropharyngeal dysphagia. Transection or resec-
tion at the pharyngoesophageal level may result 
in dysfunction of the upper esophageal sphincter. 
The laryngectomized patient is a good example 
for such an etiology that is, any surgery affecting 
the elevation of the pharynx and or larynx may 
cause oropharyngeal dysphagia  [  10  ] . 

  Distal causes.  Distal obstruction, functional 
or mechanical, may cause oropharyngeal symp-
toms. Although re fl ux disease has been proposed 
by some as a cause for cricopharyngeal dysfunc-
tion, it is rarely an indication for cricopharyngeal 
myotomy. 

   The Indications 

 Independent of etiology, pharyngoesophageal 
dysfunction determined by objective instrumen-
tal diagnosis may require a cricopharyngeal 
myotomy. Patient symptoms must be quanti fi ed 
for their frequency duration and severity. Video-
 fl uoroscopy and pharyngoesophageal emptying 
scintigrams can be used to quantify the impact 
of the dysfunction. With new high resolution 
manometry, the concept of resistance can be 
added to these measurements. The correlation of 
symptoms with objectively measured functional 
abnormalities is important. These objective fi nd-
ings include lack of UES relaxation seen on vid-
eofl uoroscopy and hypopharyngeal retention as 
recorded by a radionuclide scintigram. These 
objectively measured functional abnormalities 
constitute for us the best indication for offering a 
cricopharyngeous myotomy   . These nuclear med-
icine recordings aim at quantifying with boluses 
of various viscosities, the abnormal retention or 
misdirection of swallowed boluses  [  11,   12  ] .  

   Rationale for Open Cricopharyngeal 
Myotomy 

 The rationale for the 6-cm cricopharyngeal 
myotomy is explained by the illustration of the 
pressure pro fi le reported by Sivarao et al.  [  2  ]  
(Fig.  58.1 ). The high pressure zone separating 
hypopharynx from cervical esophagus measures 
2.5–4.5 cm in length. Within this zone is a shorter 
high pressure zone 1 cm long of maximally 
elevated pressure that corresponds to the location 
of the cricopharyngeus itself, identi fi ed by its 
attachment on the laminae of the cricoid cartilage. 
The cricopharyngeus, however, does not account 
totally for the 2–3 cm width of the high pressure 
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  Fig. 58.1    Pressure pro fi le 
of the upper esophageal 
sphincter  [  2  ]        

  Fig. 58.2    Physiological effects of cricopharyngeal myotomy  [  13  ]        

zone of the UES as reported in these three pres-
sure pro fi les of the sphincter. A signi fi cant con-
tribution to this pressure zone comes from the 
 fi bers of the inferior constrictor of the pharynx.  

 The physiological effects of open cricopha-
ryngeal myotomy have been well documented. 
The UES pressure tone is reduced by approxi-
mately 50 % when dividing the cricopharyngeus, 
located during the operation by identifying the 
position of the cricoid cartilage. Pera  [  13  ]  recorded 
the resting pressure of the pharyngoesophageal 

junction during cricopharyngeal myotomy. They 
used a 6 cm manometric sleeve technique for 
pressure recording. Division of the muscle on the 
cervical esophagus does not change the resting 
pressures. When the muscularis is transected over 
the 2 cm in direct relation to its attachment to the 
cricoid cartilage a signi fi cant fall in resting pres-
sures is recorded. Extension of the myotomy an 
additional 2 cm on the hypopharynx will result in 
a further signi fi cant decrease in the resting pres-
sures (Fig.  58.2 ). As evidenced in Fig.  58.3 , these 

 

 



832 A. Duranceau

effects of cricopharyngeal myotomy recorded 
under anesthesia remain signi fi cant when the 
patient is awake.    

   Open Cricopharyngeal Myotomy 
 [  13–  15  ]  

    (a)    Technique  [  6  ]  (Figs.  58.4 – 58.10 ) 
  The muscle is transected transversely at the 

proximal and distal ends of the myotomized 
area. The muscle  fl ap resulting is resected for 
histological analysis.                   After insuring meticulous 
hemostasis, the mucosal integrity is veri fi ed by 
passing a nasogastric tube to the level of the 
myotomy. Air is insuf fl ated while the myecto-
mized area is maintained under saline water. 

(b) Postmyotomy care 
The nasogastric tube is then descended 
toward the stomach to provide gastric 
decompression during the  fi rst 12–18 h.  

  A modi fi ed liquid diet is started the next  –
day and a pureed diet suggested for the 
 fi rst week.  
  Patients are usually discharged after  –
48–72 h.         

   Outcomes of Open Cricopharyngeal 
Myotomy  [  13–  15  ]  

 Cricopharyngeal myotomy is performed in 
order to reduce sphincteric tone and resistance to 
 fl ow across the pharyngoesophageal junction. 
The abnormal opening of the upper esophageal 
sphincter must be classi fi ed relative to the 
etiology, as prognostic factors may vary with 
each category of dysfunction.  

   Neurologic Dysphagia 

 Neurologic dysphagia results from disruption of 
the swallowing mechanism in patients with 
central nervous system disease or with cranial 
nerve involvement. Cerebrovascular disease and 
stroke are most frequently responsible for the 
condition. The ef fi cacy of myotomy in neuro-
genic dysphagia is extremely variable and 
in fl uenced by the location and extent of damage. 
Intact voluntary swallow function, tongue move-
ment, and protective airway closure should 
remain in order to achieve maximum improve-

  Fig. 58.3    Pressure recordings of the upper esophageal sphincter before and after cricopharyngeal myotomy  [  13  ]        
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Cricoid cartillage
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  Fig. 58.4    The patient lies 
in a supine position. A 
pillow is placed under the 
shoulders and the head is 
hyper extended and turned 
toward the right. The 
preferred incision is along 
the left anterior border of 
the sternomastoid muscle, 
extending from the sternal 
notch to a point a few 
centimeters under the 
earlobe       
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  Fig. 58.6    Once skin, 
subcutaneous tissues, and 
platysma have been 
divided, the sternomastoid 
muscle is dissected free. 
The cervical branch of the 
cervical cutaneous nerve 
usually needs to be divided 
as it crosses the middle 
part of the incision: this 
may result in anesthesia of 
the submandibular skin, 
frequently mentioned by 
patients after their 
operation. Retraction of the 
sternomastoid muscle 
exposes the omohyoid and 
the prethyroid muscles. 
They are transected along 
the  line  of the incision       
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  Fig. 58.5    The plane of access to the pharyngoesophageal junction and the cervical mediastinum is anterior to the 
carotid artery and internal jugular vein, lateral and behind the thyroid gland       
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(Right)

(Left)  Fig. 58.9    Low power 
diathermy is used to divide 
the buccopharyngeal 
fascia. The myotomy 
is started on the  right side  
of the everted esophagus. 
Division of the muscularis 
frees the underlying 
mucosa       

Interior thyroid
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by deep
cervical fascia

Middle thyroid vein

Thyroid gland  Fig. 58.7    With traction on 
the thyroid gland, the 
middle thyroid vein is 
exposed and ligated. The 
deep cervical fascia is put 
under tension and opened 
progressively along the 
whole length of the 
incision. The inferior 
thyroid artery is located 
and ligated       
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  Fig. 58.8    The cellular 
plane between the 
pharyngoesophageal 
junction and the preverte-
bral fascia is freed. The 
exposed junction can be 
lifted by the assistant and 
everted toward the surgeon       
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ment postmyotomy. Table  58.1  summarizes the 
results of cricopharyngeal myotomy for dys-
phagia from cerebrovascular accidents and 
vascular brain lesions  [  7,   13  ] .  

 When cricopharyngeal myotomy is offered for 
oropharyngeal dysphagia resulting from a local 
lesion in the brainstem or from basilar artery 
thrombosis, excellent results are reported. More 
diffuse lesions that involve of all phases of 
deglutition are associated with a poorer outcome 
postmyotomy. The improvement may be imme-
diate or delayed. 

 Cricopharyngeal myotomy has been proposed 
as a treatment for patients with amyotrophic lateral 
sclerosis (ALS) and motor neuron disease. As most 
of these patients suffer from progressive involve-
ment of the tongue and hypopharynx, increased 
eating time and choking from retained food and 
secretions in the oropharyngeal cavity occur.    
Observed early improvement in 77 % of their 
patients while 17 % remained unimproved and 2 % 
were made worse. Loizou (1980) found that 19 of 
their 25 patients were improved but their operative 
mortality was 20 %. Wilson (1990) reported that 6 
of 7 patients with preserved tongue function sur-
vived and 83 % experienced improved swallow 
function. ALS patients may show early improve-
ment, but 6 months to a year later, the majority suf-
fer deterioration because of disease progression 
(Table  58.2 ).  

 When oropharyngeal dysphagia results from 
bulbar polyomyelitis, progressive bulbar, and 
pseudo bulbar palsy, 8 of 12 patients showed 
improvement in swallow function postmyotomy. 
Two were unimproved and two were lost to 
follow-up (Table  58.3 ).  

 Miscellaneous central neurologic disorders 
and brain trauma patients’ dysphagia are char-
acterized by swallow hesitancy, poor tongue 
control, and piecemeal deglutition. In  fi ve of 
six patients with Parkinson’s disease and poor 
UES relaxation, a good clinical response was 
obtained from cricopharyngeal myotomy. In a 
study by Born (1996), four patients (two with a 
Zenker’s diverticulum) showed improved swal-
low function postmyotomy (Table  58.4 ).  

 Dysphagia caused by involvement of periph-
eral nerves may bene fi t signi fi cantly from a myo-
tomy (Table  58.5 ).  

 To our knowledge all clinical case series pub-
lished on surgical management of neurological 
oropharyngeal dysphagia are small in numbers 
and retrospective in quality. Despite efforts to 
document the effects of surgical intervention and 
postsurgical assessment of patient symptoms 
with manometric pressure recordings and radio-
logic techniques, most published reports of post-
surgical outcomes are subjective. Improvement 
in quantitative evaluation of surgical outcomes as 
well as comparisons with other treatment strate-

Mucosa

  Fig. 58.10    The length 
of the myotomy is 
approximately 6 cm, 
starting 2 cm of the 
cervical esophagus, then 
transecting 2 cm of muscle 
on the pharyngoesophageal 
junction (identi fi ed by the 
position of the cricoid 
cartilage), and extending a 
further 2 cm on the 
cervical esophagus       
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   Table 58.1    Results of cricopharyngeal myotomy for dysphagia due to cerebrovascular accident   s and vascular lesions   

 References  Patient no.  Results  Morbidity  Mortality 

 Ellis and Crozler    (1981)  1  Not improved  1 pneumonia  At 2 weeks 
 Gagio (1983)  3  Excellent  1 asp pneumonia  At 1 month  
 Desaulty et al. (1975)  1  Clear improvement 

 1  Normal swallowing 
 1  Subnormal deglutition 

 West and Baker (1977)  1  Poor 
 Hirano (1974)  1  Signi fi cant improvement 
 Blakeley et al. (1968)  1  Failure  Continued aspir  At 1 month 
 Mills (1973)  4  1 Very good 

 3 Good 
 Lund (1968)  2  Improved 
 Wilkins (1964)  3  2 Improved 

 1 Unimproved  Aspiration 
 Butcher (1982)  2  Excellent 
 Van Overbeek and Betlem (1979)  9  5 Substantial improvement 

 3 Partial improvement 
 1 Failure  Cardiovascular  Same 

 Calcuaterra et al. (1975)  2  Improved 
 Gay et al. (1984)  3  2 Good 

 1 Temporary improvement 
 Bonavena et al. (1985)  12  8 Improved 

 4 Partial improvement 
 Millar (1973)  1  Excellent 
 Chodosh (1975)  1  Improved  Perforated ulcer  Same 
 Mitchell II and Amanini (1975)  1  Excellent 
 Leonard and Smith (1970)  2  Excellent 
 Orringer (1980)  2  Poor 
 Poirier et al.  [  8  ]   40  20/40 (50 %)  2.5 % 
 Migliore (1996)  23  17/23 (74 %) 
 Ross (1982)  20  12/20 (60 %)  3 % 
 Ali (1997)  18  18 (65 %)  0 % 
 Black (1981)  11  9/11 (82 %)  9 % 
 Lindgen (1990)  9  7/9 (78 %)  0 % 
 Berg (1985)  8  5/8 (63 %)  0 % 

   Table 58.2    Amyotrophic lateral sclerosis   

 References  Patient  Results  Morbidity  Mortality 

 Gagio (1983)  1  Excellent 
 Ellis and Crozler (1981)  3  Not improved 
 West and Baker (1977)  1  Poor 
 Mills (1973)  17  6 Good results 

 10 Moderate 
 1 Poor 

 Van Overbeek and Betlem (1979)  1  64 Improved  Major: respiratory fail 
myocardial inf. 

 36 No bene fi t  Minor: hypertension arrhythmia 
hypersalivation atelectasis 

(continued)
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   Table 58.3    Poliomyelitis, progressive bulbar palsy, and 
pseudobulbar palsy   

 References  Patient no.  Results 

 Lund (1968)  1  Improved 
 Mills (1964)  1  Improved 
 Bofenkamp (1958)  2  Improved 
 Schneider and Nagurney 
(1977) 

 1  Excellent 

 Van Overbeek and 
Betlem (1979) 

 1  – 

 Kaplan (1951)  1  Moderate 
 Loizou et al. (1980)  2  1 Improved 

 1 Unimproved 
 Bonavena et al. (1985)  1  – 
 Nanson (1974)  1  Failure 
 Millar (1973)  1  Improved 
 Calcaterra et al. (1975)  1  Improved 

 References  Patient  Results  Morbidity  Mortality 

 Hurwitz and Duranceau  1  Poor 
 Loizou et al. (1980)  20  15 Sustained 

improvement 
 (Limitation of coughing and 
breathing capacity) 

 Gay et al. (1984)  8  5 Failures  5 Deaths 
 2 Good 
 1 Temp. 
improvement 

 Mitchell and Amanini (1975)  1  Improved 
 Wilson (1990)  7  6/7 Improved (83 %) 

Table 58.2 (continued)

gies is needed to support surgical intervention. 
Positive clinical outcome postcricopharyngeal 
myotomy in this patient population is less than or 
equal to 60 %  [  8  ] .  

   Myogenic Dysphagia 

 Primary and secondary muscular disorders may 
produce oropharyngeal dysphagia. Poor propul-
sive forces in the pharynx as well as poor 
relaxation of the upper esophageal sphincter 
result in misdirection of the swallowed bolus. 
Hypopharyngeal stasis with pharyngo-oral and 
nasal regurgitations and tracheobronchial aspi-
rations are the most frequent symptoms. Aspira-
tion pneumonia may result  [  9  ] . The extensive 
cricopharyngeal myotomy illustrated in this 
chapter has been described in the early 1970s by 

Montgomery and Lynch. It remains in use to this 
day and has been most appropriate for patients 
with oculopharyngeal muscular dystrophy. The 
muscular strength of the pharyngeal contraction 
cannot be restored in muscle disease patients. 
The intact voluntary swallow coupled with a 
reduced resistance to pharyngoesophageal transit 
after removal of the posterior pharyngoesopha-
geal junction is possibly responsible for the 
symptomatic improvement. Peterman (1974) ini-
tially described this improvement with its subse-
quent evolution. Our experience has documented 
signi fi cant improvement in esophageal and tra-
cheobronchial symptoms but never to return to a 
normal function level. When patients are asked to 
quantify each of their symptoms on a numerical 
scale before and after surgery, the level of com-
fort obtained in swallowing rarely exceeds 
65–75 % of the preoperative level. 

 Improvement in dysphagic symptoms has been 
most appreciated when patients attempt to swallow 
a solid bolus. Swallowing of liquids is frequently 
reported as more dif fi cult after the myotomy. 
Tracheobronchial symptoms and nocturnal bronch-
orrhea seem to improve as well. The stage of the 
disease and the severity and extent of the muscular 
pathology in fl uence the postsurgical outcomes. The 
presence of facial atony with dysphonia and the 
incapacity to generate a signi fi cant voice tone may 
have a prognostic in fl uence with persistent aspira-
tion. Hypothetically, the symptoms may result from 
advanced muscular disease from poor pronuncia-
tion and poor phonation from decreased control of 
facial muscles and vocal cord tensor muscles. 

 It is clear that in these patients cricopharyn-
geal myotomy provides palliation of the swallow 
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   Table 58.4    Various neurological lesions   

 References  Patient no.  Results  Morbidity  Mortality 

 Parkinson’s disease 
 Gay et al. (1984)  3  Good 
 West and Barker (1977)  1  Poor 

 1  Good 
 Born (1996)  Improved  4/4 (2 with Zenkers)  0 
 Akl and Blackley (1974)  1  Improved 
 Various central lesions 
 Akl and Blakeley (1974)  1  Poor  Aspiration  1 
 Reichert et al. (1977)  2  Moderate 
 Gay et al. (1984)  2  Good 
 Loizou et al. (1980)  1  Improved 
 Bonavena et al. (1985)  1  – 
 Mitchell and Armanini (1977)  1  Improved 
 Bergman and Lewicki (1977)  1  Failure 
 Orringer (1980)  2  – 
 Trauma 
 Desaulty et al. (1975)  1  Improved 
 Aubry et al. (1967)  1  Normal 

deglutition 
 Van Overbeek and Betlem (1979)  4  – 
 Gay et al. (1984)  1  Good 
 Bonavena et al. (1985)  1  – 

   Table 58.5    Peripheral nervous system lesions   

 References  Patient no.  Results 

 Mills (1973)  2  Excellent 
 Akl (1974)  3  Poor 
 Henderson et al. (1974)  3  Good 
 Bonavena et al. (1985)  6  – 
 Gagic (1983)  2  Improved 

symptoms caused by muscle weakness. The 
reported results of cricopharyngeal myotomy for 
primary muscular disease are described in 
Table  58.6 .  

 Following cricopharyngeal myotomy, pharyn-
geal emptying scintigrams have documented 
improvement in the clearing of a liquid bolus and 
hypopharyngeal stasis. Increased viscosity of the 
bolus used for radionuclide emptying studies 
seems to increase the validity of the observations 
of change postsurgically  [  11  ] . 

 As for neurologic dysphagia most of the 
reported experiences at present are case series 
without randomized observations to other 
forms of treatment or medical management  [  5  ] . 
Despite the convincing clinical results suggesting 

improved swallowing, the scienti fi c evidence 
suggests cricopharyngeal myotomy remains at 
the “C” level with all published reports being 
uncontrolled retrospective case series.  

   Idiopathic Dysfunction of the Upper 
Esophageal Sphincter 

 When no neurological or neuromuscular disease 
can be diagnosed, dysfunction of the cricopharyn-
geus is termed idiopathic. Mr. Belsey (1966)  fi rst 
described this condition describing the symptom 
“as recurrent attacks aggravated by generalized 
nervous tension.” Although neurological disease 
or neuromuscular dysfunction has been never 
been thought to play an important role in the 
pathophysiology of the pharyngoesophageal diver-
ticulum, psychological factors and high strung 
personalities associated with this condition have 
not been investigated. Idio pathic crico pharyngeal 
dysfunction without diverticulum formation may 
represent an earlier stage of the same condition 
but this has not been documented. 
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 Cricopharyngeal myotomy for idiopathic 
upper esophageal sphincter dysfunction is fre-
quently reported as surgery for cricopharyngeal 
bars. Table  58.7  summarizes some of these 
reports. Seventy of 80 patients showed excellent 
symptomatic improvement following their myo-
tomy. As for other patients with oropharyngeal 
dysphagia, the dif fi culty in selecting those with 
signi fi cant clinical and radiological abnormali-
ties and quanti fi able malfunction of the cri-
copharyngeus that are suf fi cient to treat surgically 
require even more objectivity in the investiga-
tion. A strong psychological overlay to symp-
toms may make the decision more dif fi cult.   

   Complication of Cricopharyngeal 
Myotomy 

 Cricopharyngeal myotomy for oropharyngeal 
dysphagia is performed to improve the patient’s 
dysphagic symptoms and ef fi ciency of swallow-
ing. A strong exaggeration of symptoms from or 
by anxiety may make the decision more dif fi cult. 

The operation, however, can result in complica-
tions and even death. 

 In Brigand’s reported series of 253 cricopha-
ryngeal myotomies (2007),  [  16  ]  15 patients 
with neurologic dysphagia were included. One 
patient experienced complications related to 
the surgery that is, the surgical incision became 
infected requiring wide reopening and drain-
age of the cervical incision. Failure of aspira-
tion control in this patient also required a 
permanent tracheostomy with laryngeal exclu-
sion (Fig.  58.11 ).  

 The group of 139 patients undergoing cri-
copharyngeal myotomy for muscular dysphagia 
caused by oculopharyngeal muscular dystrophy 
(Table  58.8 ) also experienced complications. 
Those resulted in four hospital deaths after the 
operation, all from acute respiratory distress syn-
drome. Twelve mucosal tears occurred during the 
completion of the myotomy. They were all 
repaired primarily without infection or  fi stula 
formation. Failure to control postsurgical aspira-
tion may require permanent tracheostomy and or 
laryngeal exclusion (Fig.  58.11 ).   

   Table 58.6    Primary muscular disease   

 References  Patient no.  Results  Morbidity  Mortality 

 Melgar (1968)  1  Considerable improve 
 Desaulty et al. (1975)  1  Spectacular improve 
 Blakeley et al. (1968)  2  Excellent 
 Akl and Blakeley (1974)  9  7 Marked relief 

 2 Satisfactory 
 Mitchell and Armanini (1975)  1  Excellent 
 Dayal and Freeman (1976)  1  Excellent 
 Peterman et al. (1964)  1  Excellent for 1 year 

 Poor results 
 Following appearance of hoarseness 

 Hurwitz et al. (1975)  2  – 
 Montgomery and Lynch (1971)  8  7 Excellent 

 1 Partial failure (reported by 
Johnson (1974) 

 Leonard and Smith (1970)  1  Complete relief 
 Bender (1976)  1  Excellent 
 Duranceau et al. (1978, 1980)  11  8 Excellent 

 3 Moderate 
 Nanson (1974)  2  Marked improvement 
 Weitzner (1969)  1  Poor  GI hemorrhage  Died 
 Taillefert 
 Castell 
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   Endoscopic Cricopharyngeal 
Myotomy 

 Endoscopic treatment of oropharyngeal dys-
phagia was initially described by Dohlman and 
Mattson for patients with a pharyngoesophageal 
diverticulum. The introduction of the operating 
microscope, the re fi nement of the laryngoscope 

into a diverticuloscope, and the availability of the 
CO 2  laser with surgical staplers have made these 
minimally invasive techniques available  [  17,   18  ] . 
Cricopharyngeal dysfunction without diverticu-
lum formation can also be approached in the 
same way. In a number of case studies, patients 
with pharyngoesophageal dysfunction have been 
treated with the approach described and have 
reported clinical improvement without major 
complications  [  17,   19,   20  ] .  

   Table 58.8    Complications of open cricopharyngeal 
myotomy   

  n   Reoperation  Death 

 Pulmonary infection  8  0  4 
 Hematoma  2  1  0 
 Mucosal breaks  12  1  0 
 Wound infection  1  0  0 
 Fistula  1  1  0 
 Buccal  fl oor infection  1  0  0 
 Pulmonary embolism  1  0  0 
 Hypertensive crisis  1  0  0 
 Stroke  1  0  0 
 Total no. with 
complications 

 16  2  4 

  Fig. 58.11    Failure to control aspiration, following 
myotomy/myectomy, may require permanent tracheos-
tomy with laryngeal exclusion       

   Table 58.7    Idiopathic UOS dysfunction without PO diverticulum   

 Authors  Patients  Results  Morbidity 

 Hiebert (1976)  6  In 15 patients: 13 excellent 2 improved 
 Calcaterra et al. (1975)  3  Excellent 
 Leonard and Smith (1970)  1  Excellent 
 Bingham (1963)  1  Excellent 
 Parrish (1968)  1  Good 
 Belsey (1966)  32  Excellent 
 West and Baker (1977)  7  6 Excellent 

 1 Good 
 Desaulty et al. (1975)  2  Poor  Fistula, stricture 
 Melgar (1968)  1  Improved 
 Gagic (1983)  4  3 Excellent 
 Chodosh (1975)  1  Excellent 
 Mitchell and Armanini (1975)  1  Excellent 
 Cruse et al. (1979)  6  – 
 Ellis and Crozler (1981)  6  Excellent 
 Sutherland (1962)  8  7 Excellent 

 1 Moderate 
 Gay et al. (1984)  1  Poor 
 Orringer (1980)  7  6 Excellent 

 1 Poor 
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   Indications 

 The advantages of an intraoral approach seem to be 
the lack of morbidity reported with the procedure. 
Although rare with open surgery, use of intraoral 
approach decreases the occurrence of pharyngoe-
sophageal  fi stula and recurrent laryngeal nerve 
injuries giving the intraoral approach an important 
hypothetical advantage. The intraoral approach 
also results in a reduction of patient complaints of 
pain and quicker return to oral eating. The adoption 
of laser-assisted cricopharyngeal myotomy has 
been tempered, however by the fear of mediastini-
tis that might result in mucosal disruption and pen-
etration into the mediastinal space  [  18  ] . The 
rationale for endoscopic laser cricopharyngeal 
myotomy seems to be that it is “effective, safe, 
brief and prompt in restoring swallowing”  [  21  ] . 

 The indications for this minimally invasive 
approach are the same as for the open approach, 
that is: neurologic dysphagia, the patient with a 
symptomatic cricopharyngeal bar and docu-
mented idiopathic dysfunction. Myogenic 
oropha ryngeal dysfunction has also been 
approached with this technique. Transmucosal 
myotomy has even been proposed as a diagnostic 
tool by Halvorsen  [  22  ]  in a selected group of 
patients without any de fi nitive preoperative stud-
ies, based on “suspicion of the diagnosis.” Most 
of the surgeons who have proposed endoscopic 
cricopharyngeal myotomy are ear, nose, and 
throat specialists using careful symptom evalua-
tion. Functional outcome swallowing scale 
(FOSS)  [  23,   24  ]  and the MDADI quality of life 
evaluation (Chen)  [  25  ]  with the modi fi ed barium 
swallow and video fl uoroscopy documentation of 
the cricopharyngeal dysfunction form the base of 
these evaluations.  

   Technique 

 The operation is completed under general anes-
thesia. A direct rigid esophagoscopy is completed 
initially. Exposure may be potentially dif fi cult in 
patients with xyphosis or anterior cervical osteo-
phytes. In addition, retrognathia, cervical spine 

 fi xation, or abnormal dentition may render the 
introduction of the endoscope dif fi cult. 

 The Benjamen–Holinger or the Weerda distend-
ing diverticuloscopes can be introduced down to 
the upper edge of the cricopharyngeal muscle. At 
that point creation of an invagination or creation of 
a pseudodiverticulum posterior to the cricopharyn-
geus is realized (Fig.  58.12 ). If the endoscope is not 
placed deeply enough, the cricopharyngeus muscle 
may not be adequately exposed. It is then placed in 
suspension on a laryngeal holder to stretch the 
cricopharyngeal bar (Fig.  58.13 ). The endoscope is 
attached to an operating microscope with a 400 mm 
lens and CO 2  laser is used by most with a micro-
manipulator. The laser is set between 5 and 20 W 
with a focused or slightly defocused beam super 
pulsed at 0.5–0.8 mm spot size for a 0.2 s duration 
 [  21,   26  ] .   

  Fig. 58.12    The distending diverticuloscope, at the  upper 
edge  of the cricopharyngeus, creates a posterior pseudo 
diverticulum       

  Fig. 58.13    When the cricopharyngeus is adequately 
exposed the diverticuloscope is placed in suspension on a 
laryngeal holder to stretch the cricopharyngeal bar       
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 The cricopharyngeal bar is incised vertically 
on the mid-line and the mucosal, submucosa, and 
the cricopharyngeus itself are divided. The 
divided  fi bers of the muscle retract laterally, 
resulting in a wedge-shaped incision (Fig.  58.14a–
c ). The cricopharyngeus is divided until the con-
nective tissue of the buccopharyngeal fascia 
becomes apparent. A 0° and 70° rigid endoscope 
may be used to insure that all muscle  fi bers are 
cut and that the buccopharyngeal fascia is intact. 
Some suggest division of tissue down to the fat 
and areolar tissue overlying the prevertebral fas-
cia (Brondbo  [  27  ] , Takes  [  28  ] ) while others pre-
fer to leave a “last layer” of muscle  fi bers in place. 
Halvorson  [  22  ]  also divides the inferior portion 
of the inferior constrictor by incising the posterior 
pharyngeal mucosa. Excisional biopsy specimen 

of muscle is taken by Ho  [  25  ] . Chitose  [  29  ]  pro-
ceeds with a submucosal resection of the cri-
copharyngeus as widely as possible. The mucosa 
may be left open. Ho reapproximates the mucosa 
vertically with separate stitches    (Fig.  58.15a ) 
while Chitose closes the initial vertical incision 
horizontally, enlarging the esophageal introitus 
by doing so and avoiding dead space formation in 
the resected area (Fig.  58.15b ).   

 Patients are usually observed for 48–72 h and 
given intravenous antibiotics for 24 h. A nasogastric 
tube is usually introduced after the myotomy and 
removed on the second or third day postoperatively. 
A clear liquid diet is started on the  fi rst day postop-
eratively if no free air is seen subcutaneously on the 
chest and lateral neck X-rays. A pureed diet is rec-
ommended for the  fi rst week. For some patients, 

  Fig. 58.15    ( a ) Vertical closure of the incised mucosa (Ho). ( b ) Horizontal closure of the vertical incision (Chitose)       

  Fig. 58.14    ( a ) Stretched cricopharyngeus. ( b ) Mucosa and submucosa are incised vertically. ( c ) The cricopharyngeus 
is divided. Its  fi bers will retract laterally       
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the surgery can be performed as an outpatient. 
For the majority of patients, a 1–3 day hospital stay 
for observation is necessary.  

   Results 

 The clinical and functional results of endoscopic 
cricopharyngeal myotomy are summarized in 
Table  58.9 . Most of the reported cases are small 
uncontrolled retrospective patient series with a 
short follow-up. The type of oropharyngeal dys-
phagia was heterogeneous and unclassi fi ed. A 
few patient series included Zenker’s patients 
 [  26  ] . Pre- and postoperative assessment was by 
clinical examination and videoradiology.  

 Chang  [  30  ]  demonstrated anatomically that 
the operation does divide the cricopharyngeus 
muscle while preserving the underlying buccopha-
ryngeal fascia and leaving the retropharyngeal 
space intact. Most authors report signi fi cant 
improvement of the dysphagia. Lawson  [  21,   31  ] , 
however, emphasizes that the bene fi ts of the pro-
cedure may decrease over time, especially if the 
disease is progressive. Dauer  [  23  ]  and Ozgursoy 
 [  24  ]  both studied 14 patients before and after 
endoscopic cricopharyngeal myotomy. They 
assessed their patients with mano fl uorography 
and used the FOSS, an association of symptoms 
and functional  fi ndings. Five of the seven patients 
of Dauer were asymptomatic after division of 
their cricopharyngeal bar. In three patients 
where the results are less satisfactory, tongue 
base and hypopharyngeal weakness with 
decreased laryngeal elevation were observed, 
suggesting that the open approach might be 
more appropriate in patients with more complex 
swallowing problems. In another group, 
Ozgursoy also suggested the use of 
mano fl uorography to document strength abnor-
malities, outlet obstruction, and the effects of 
treatment on resistance across the pharyngoe-
sophageal junction: Dauer  [  23  ]  reported that 
when normal force was present in the pharynx 
cricopharyngeal myotomy results were satis-
factory. Weak driving forces resulted in poorer 

results. In the subsequent report by Ozgursoy 
 [  24  ] , cricopharyngeal myotomy provided a 
signi fi cant increase in the mean cross-sectional 
area of the upper esophageal sphincter. Intrabolus 
pressures across the pharyngoesophageal sphinc-
ter also decreased signi fi cantly from 25 to 13. 
Here again the weakest improvement was 
observed in neurologic patients with an abnormal 
function that remained decompensated.  

   Complications 

 As for any type of surgery, complications are 
reported after endoscopic cricopharyngeal myo-
tomy. Bleeding, mediastinitis, supraglottic 
edema, esophageal perforations, and reclosure of 
the myotomy are mentioned in the available 
references. Subcutaneous emphysema and unex-
plained fever in the postoperative evaluation is 
always worrisome.  

   Summary and Conclusions 

 Cricopharyngeal myotomy offers excellent palli-
ation to the patient with oropharyngeal dys-
phagia. When using the open approach or the 
endoscopic techniques current reports are based 
on clinical uncontrolled case series; most using 
poor investigation technology. Better planned 
clinical studies in well-identi fi ed and classi fi ed 
disease groups are essential as a  fi rst step. 
Objective quanti fi cation of the problems present, 
with their functional effects recorded by appro-
priate investigation methods, then becomes 
essential. Oropharyngeal dysphagia patients 
independently of their disease category can then 
be compared adequately for their treatment. The 
treatment can be surgical with open or endo-
scopic myotomy or nonsurgical with medication, 
dilatation or swallowing therapy techniques. 
Meaningful comparisons can then be made 
through adequately controlled trials and provide 
the basis for therapeutic recommendation for 
oropharyngeal dysphagia patients   .      
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   Introduction 

 An esophageal diverticulum is a pouch created 
by herniation of the mucosa (false diverticulum) 
or all esophageal layers (true diverticulum) 
through the muscular esophageal wall. A diver-
ticulum may be further classi fi ed based by its 
location (cervical, midesophageal, epiphrenic) or 
pathophysiology (pulsion vs. traction). A pulsion 
diverticulum is formed from increased intralumi-
nal pressure, while traction diverticula are formed 
from external tethering. ZD is the most common 
type of pulsion diverticulum. Zenker and von 
Zeimsen in 1878 were the  fi rst to hypothesize 
that a cricopharyngeal diverticulum was due to 

increased hypopharyngeal pressure generated 
during deglutition  [  1  ] .  

   Anatomy 

 Killian’s dehiscence is a triangular weak spot 
located on the dorsal wall of the hypopharynx 
named after Gustav Killian who identi fi ed the 
area in 1908  [  2,   3  ] . The area of weakness is 
formed between the inferior pharyngeal constric-
tor muscle and the cricopharyngeus muscle 
(Fig.  59.1 ). A recent study looking at morpho-
metric and anthropometric measurements in 
cadavers demonstrated the incidence of Killian’s 
dehiscence to be two times greater in men versus 
women; this is re fl ected in the greater incidence 
of ZD in men. An increased incidence of Killian’s 
triangle was noted in people with taller body 
dimensions, and a longer larynx; more speci fi cally, 
a greater distance between the thyroid and cricoid 
cartilages. This may explain the geographical dif-
ferences in prevalence; ZD is more often seen in 
regions with taller people (i.e., Northern Europe, 
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the United States, Canada, and Australia versus 
Japan and Indonesia)  [  2  ] .   

   Pathophysiology 

 Patients with ZD have been found to have ele-
vated intrabolus pressures due to restricted 
upper esophageal sphincter (UES) opening or 
compliance during bolus  fl ow. This can occur 
from cricopharyngeal spasm, cricopharyngeal 
incoordination,  fi brosis of muscle  fi bers, or a 
congenital weakness  [  4  ] . These patients show 
cricopharyngeus muscle  fi ber degeneration and 
 fi broadipose tissue replacement. Studies suggest 
that the underlying etiology in Zenker’s forma-
tion is poor cricopharyngeal muscle compliance; 
therefore, successful treatment  must  include a 
cricopharyngeal myotomy  [  5  ] .  

   Clinical Features and Diagnosis 

 ZD is most prevalent between the seventh and 
eighth decades of life with an incidence between 
0.01% and 0.11%, but can occur at nearly any 
age. Symptoms include dysphagia, regurgitation 

of undigested foods, halitosis, chronic cough, and 
hoarseness. With an increase in pouch size symp-
toms worsen to include weight loss, malnutrition, 
and aspiration pneumonia. A sudden worsening 
of symptoms (pain, hemoptysis) may indicate the 
presence of squamous cell carcinoma within the 
diverticulum (0.4–1.5% incidence)  [  4  ] . 

 Findings on physical exam may include mal-
nutrition, voice changes, neck mass, cervical bor-
borygmi, or crepitus. Diagnosis is based mostly 
on history and con fi rmed by barium swallow 
(BaS) which will show a  fi lling defect that does 
not move between  fi lms (Fig.  59.2 ). The diver-
ticulum tends to be left sided due to the more lat-
eral location of the left carotid artery and the 
curvature of the esophagus to the left. Barium 
swallow may miss a small diverticulum, although 
it is easier to discern on a lateral view, and a 
modi fi ed barium swallow (MBS) may be helpful. 
Flexible endoscopic evaluation of swallowing 
(FEES) may show pooling of secretions (more 
commonly unilateral) and regurgitation of food 
 [  4  ]  (Fig.  59.3 ).   

 There are several classi fi cation schemes for 
ZD based on contrast radiographic  fi ndings 
(Table  59.1 ); however, clinical correlation is not 
strong and they are often not used.   

  Fig. 59.1    Anatomical depiction of cricopharyngeus muscle and Killian’s triangle       
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   Surgical Treatment of Zenker’s 
Diverticulum 

 The current surgical options used to treat ZD 
include the use of an endoscopic stapler to per-
form a diverticulostomy (Endoscopic Staple-
assisted Diverticulostomy, ESD), endoscopic 
diverticulostomy with laser, open diverticulopexy 
or diverticulectomy with cricopharyngeal myo-
tomy, and  fi nally the use of  fl exible esophagosco-
py-assisted diverticulostomy.  

   Endoscopic Zenker’s Diverticulostomy 

 The endoscopic approach for ZD involves divi-
sion of the septum (containing the cricopharyn-
geus muscle) between the diverticulum and the 

  Fig. 59.2    Barium swallow demonstrating Zenker’s 
diverticulum       

  Fig. 59.3    ( a ) FEES showing frank pooling of secretions in patient with a Zenker’s diverticulum. ( b ) FEES in same 
patient after swallowing applesauce with blue food coloring. Notice regurgitation       

   Table 59.1    Classi fi cation    schemes for ZD   

 Brombert classi fi cation 
 Morton and Bartley 
classi fi cation 

 Stage I  Longitudinal axis 2–3 mm, visible during UES contraction “Thorn-like 
diverticulum” 

 <2 cm 

 Stage II  Longitudinal axis 7–8 mm, visible during UES contraction “Club-like 
diverticulum” 

 2–4 cm 

 Stage III  Caudally oriented axis of >1 cm in length “Bag shaped diverticulum”  >4 cm 
 Stage IV  Compression of esophagus (displaced ventrally) 

   UES  upper esophageal sphincter  [  6  ]   
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cervical esophagus creating a common cavity 
between the diverticulum and esophagus; and 
obviously performing a cricopharyngeal myo-
tomy  [  7  ] . The diverticular sac is not excised and 
is essentially marsupialized. 

 Endoscopic esophagodiverticulostomy to treat 
ZD was  fi rst attempted by Mosher using a knife to 
incise the common wall in 1917  [  8,   9  ] . He subse-
quently stopped performing this procedure due to 
severe complications including bleeding and death 
from mediastinitis  [  8–  11  ] . The procedure was rein-
troduced by Sieffert in 1937, but did not become 
well accepted until Dohlman and Mattson pre-
sented their case series of 100 patients undergoing 
endoscopic treatment of ZD using electrocautery 
without deaths or serious complications in 1960  [  8, 
  12,   13  ] . The endoscopic procedure was modi fi ed 
by Collard in 1993 to include use of the endosurgi-
cal stapler to divide and seal the wall between the 
esophagus and the diverticulum, opening the pouch 
and dividing the cricopharyngeus muscle  [  14  ] . 

 Bene fi ts of the endoscopic approach include 
absence of skin incision, decreased complication 
rate, shorter operative time, minimal postopera-
tive pain, quicker resumption of oral feeding, and 
shorter hospital stay resulting in a signi fi cant cost 
savings (Tables  59.2  and  59.3 ). This approach is 
particularly bene fi cial in patients who have 
undergone a previous open diverticulectomy, cri-
copharyngeal myotomy, or any previous neck 
surgery  [  7  ] .   

 Contraindications to the endoscopic approach 
include severe medical comorbidities precluding 
general anesthesia or inability to endoscopically 
expose the diverticulum  [  15  ] . 

 ESD is performed under general anesthesia 
with endotracheal intubation. A bivalved laryn-
goscope is placed with one valve in the diverticu-
lum and one in the esophageal lumen. The septum 
between the diverticulum and esophagus is thus 
exposed and the diverticuloscope is secured using 
a suspension arm (Fig.  59.4 ). A 0° or 30° tele-
scope is used for visualization. In patients with 
dif fi cult exposure, an assistant may provide visu-
alization with a small  fl exible endoscope. A sta-
pler is placed with the anvil in the lumen of the 
diverticulum and the staple cartridge in the cervi-
cal esophageal lumen dividing the septum in the 

midline  [  7  ] . Repeat stapler applications may be 
needed depending on the size of the diverticulum. 
After completion the wound edges retract later-
ally  [  7  ]  (Fig.  59.5 ). Scher et al.  [  8  ]  describe a case 
series of 159 patients undergoing the endoscopic 
stapler technique on an outpatient basis and 
started on a clear liquid diet the day of treatment 
with a 98% successful relief of symptoms. The 
most common complication was chipped teeth 
(7.3%) followed by postoperative fever (4%); the 
overall complication rate was 12.7% with 2% 
considered major complications (perforation, 
aspiration pneumonia, and transient vocal fold 
paralysis). This approach reduces the risk of per-
foration because the mucosal edges are divided 
and closed with staples simultaneously; there-
fore, the mediastinum is not contaminated. If the 
surgeon is unable to expose the diverticular wall 
enough to insert the endo stapler, then a laser-
assisted endoscopic diverticulostomy may be 
performed. The inability to endoscopically 
expose the pouch is approximately 3%.   

 Peracchia et al.  [  7  ]  performed manometry 
before and after ESD as part of their study proto-
col  fi nding a statistically signi fi cant decrease in 
mean hypopharyngeal intrabolus pressure after 
surgery, with normalization of UES compliance 
and decreased resistance to bolus  fl ow. Manometry 
is not usually performed preoperatively in cases 
with a straightforward diagnosis of ZD based on 
symptoms and BaS  [  8  ] . 

 Laser-assisted endoscopic diverticulostomy is 
performed with the patient under general anesthe-
sia. The diverticulum is exposed endoscopically 
with a diverticuloscope and a myotomy is per-
formed in the midline using a CO 

2
  laser. Of note, 

if exposure is dif fi cult a thinner nonbivalved diver-
ticuloscope can be used for exposure. The CO 

2
  

laser has a higher complication rate compared to 
the endoscopic stapler technique; however, it 
allows for a good view of the diverticular wall 
throughout the procedure with similar success rate 
 [  8,   16,   17  ] . The most important technical consid-
eration during performance of the laser-assisted 
diverticulostomy is that the entire cricopharyn-
geus muscle must be divided (Fig.  59.6 ).  

 Another endoscopic method involving tran-
soral resection of diverticula has been described 
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by Woo et al. to address the small diverticulum. 
This procedure involves exposure of the diver-
ticulum endoscopically as previously described; 
betadine is used to sterilize the area and the 
mucosa is injected under microscopic guidance 
with 1% lidocaine with 1:100,000 epinephrine. 
The pouch is everted with a cup forceps and the 
sack is removed with sharp endo-scissors. The 
cricopharyngeal muscle is exposed and divided 
with a laryngeal insulated cannula coagulation 
device. The mucosa is then sutured closed and 
covered with  fi brin glue. The patient is kept NPO 
overnight and receives three doses of antibiotics. 
Patients may be started on a puree diet the next 
day and discharged if doing well. Of the six 
patients treated with this technique; all resumed 
an oral diet the morning after surgery with the 
average hospital stay of 1 day. Five of the six 
patients had resolution of their presurgical dys-
phagia  [  18  ] .  

   Open Zenker’s Diverticulectomy 

 Open diverticulectomy with cricopharyngeal 
myotomy is the classic operation performed for 
resection of a ZD and was  fi rst described by 
Wheeler  [  8  ] . Rigid esophagoscopy is tradition-
ally performed at the start of the procedure allow-
ing placement of a catheter into the esophagus or 
packing into the diverticulum. The esophago-
scope is withdrawn and an endotracheal tube may 
be passed over the catheter to serve as a bougie 
 [  19  ] . A skin incision is made on the involved side 
at the level of the cricoid cartilage and subplatys-
mal  fl aps are raised. The sternocleidomastoid and 
carotid sheath are retracted laterally, while the 
larynx and thyroid gland are retracted medially 
exposing the pharynx and cervical esophagus. 
The omohyoid muscle, middle thyroid vein, and 
inferior thyroid artery are divided. The diverticu-
lum is identi fi ed and retracted, dissecting off any 
loose connective tissue to identify its neck on the 
posterior pharyngeal wall. A cricopharyngeal 
myotomy is performed and the incision is 
extended through the inferior pharyngeal con-
strictor muscle. The diverticulum is transected 
using a knife and repaired with a multilayered 

  Fig. 59.4    Intraoperative endoscopic view of Zenker’s 
diverticulum exposed using the Weerda bivalved rigid 
endoscope       

  Fig. 59.5    Intraoperative view after endoscopic staple 
diverticulostomy of Zenker’s diverticulum       

  Fig. 59.6    Intraoperative view of CO 
2
  laser cricopharyn-

geal myotomy       
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closure or a surgical stapler may be employed 
depending on surgeon preference  [  20,   21  ] . 

 An advantage of this procedure includes its 
use on all sizes of diverticula and eliminates any 
theoretical risk of carcinoma in the pouch. 
However, open diverticulectomy does have a 
higher complication rate including wound infec-
tion, hematoma,  fi stula formation, surgical 
emphysema, mediastinitis, and vocal fold paraly-
sis  [  22  ]  (Table  59.4 ). The complication rate is 
11.8% for open diverticulectomy versus 5.5% for 
endoscopic surgery; the mortality rate is also 
higher at 1.6% versus 0.2%, respectively. 
Operating time is longer (83 vs. 30 min endo-
scopically), as well as an increased hospital stay. 
Resumption of oral diet is also delayed in the 
open versus endoscopic approach. However, the 
recurrence rate was slightly higher in the endo-
scopic group versus open (6.6% vs. 5.0%, respec-
tively)  [  8  ]  (Table  59.2 ).  

 A cost analysis was performed by Smith com-
paring open diverticulectomy versus endoscopic 
stapling technique. They found no statistical dif-
ference in actual procedure costs; although the 
endoscopic approach was shorter, the equipment 
is more expensive, thus balancing the expenses. 
The real cost differential came in postoperative 
hospital stay, which was reduced by a mean of 
3.9 days in the endoscopic group saving a mean 
of $7,850  [  23  ] . Of vital note, both the endoscopic 
and open procedures have similar success rates 
 [  8  ] . The National Institute for Clinical Excellence 
(NICE) from Great Britain issued procedure 
guidance in 2003 stating that ESD allows a more 
rapid recovery, requires a shorter hospital stay, 
and reduces operating time compared to open 
surgery. They also state that although ESD has a 
slightly higher recurrence rate compared to the 
open procedure it can be repeated, and they rec-
ommend that ESD should be performed by 
“super-specialists” in the procedure  [  24  ] .  

   Open Zenker’s Diverticulopexy 

 Diverticulopexy involves an open approach 
with a cricopharyngeal myotomy and instead 
of removing the diverticulum it is suspended 

superiorly to the prevertebral fascia. This elim-
inates the capability of saliva or food particles 
to accumulate in the sac and decreases the 
 fi stula rate. This is a good alternative if the sac 
is very large (>10 cm) or there are concerns for 
healing and  fi stula formation in a malnourished 
patient  [  21  ] .  

   Flexible Esophagoscopy-Assisted 
Diverticulostomy 

 The most recent treatment method  fi rst published 
in 1995 by groups from the Netherlands and 
Brazil involves  fl exible endoscopy using a needle 
knife or argon plasma coagulator to divide the 
muscular septum  [  10,   25,   26  ] . This procedure 
may be bene fi cial to the elderly because it is per-
formed under sedation versus general anesthesia, 
involves no neck extension, and can also be per-
formed as an outpatient. It also has the possible 
added bene fi t of decreased cost  [  4  ] . 

 The procedure involves performing a cri-
copharyngeal myotomy through the working 
channel of a gastroscope. Coagulation is the most 
commonly used method to divide the septum. An 
incision of 1.5–2.0 cm is adequate to treat a small 
diverticula (2 cm); however, for larger diverticula 
(>3 cm) a longer incision may be necessary and 
may require additional procedures. Manometric 
studies have shown a decrease in upper esopha-
geal pressure after  fl exible endoscopic cricopha-
ryngeal myotomy  [  4  ] . 

 Complications of  fl exible endoscopic therapy 
include a 0–10% risk of bleeding, which can be 
controlled with electrocoagulation, injection of 
dilute epinephrine, or use of endoclips. Perforation 
is the dreaded complication which can lead to 
subcutaneous emphysema, mediastinal emphy-
sema (uncomplicated in 0–23% with resolution 
of air in 2–5 days), cervical abscess, and medias-
tinitis. A post-procedure chest X-ray is routinely 
obtained to rule out mediastinal air  [  4  ] . 

 Flexible endoscopic therapy for ZD results in 
symptomatic improvement and acceptable com-
plication rates, but with signi fi cant recurrence 
rates (20%) leading to a high rate of repeated pro-
cedures  [  4,   10  ] .  
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   Controversy 

 Controversy exists regarding treatment of small 
diverticular pouches with the endoscopic 
approach. There is a reported decrease in success 
rate with pouches less than 2 cm in size due to the 
common wall being too short to accommodate a 
full cartridge of staples; therefore, potentially 
leading to incomplete myotomy  [  20  ] . Of note, 
the smaller pouches are more likely to be asymp-
tomatic. Kos and Miller note that diverticula less 
than 2 cm are dif fi cult to expose and introduce 
the stapler  [  15,   27  ] . The use of the CO 

2
  laser in 

these individuals may be a better option. In our 
experience the use of stay sutures placed into the 
cricopharyngeus muscle has been very helpful in 
patients with small diverticular pouches. Using 
these traction sutures we have often been able to 
apply a full cartridge of staples into a small 
pouch, thereby performing a complete cricopha-
ryngeal myotomy and opening the pouch without 
undue pressure placed at the base of the divertic-
ulum. The assistant pulls the pouch and cricopha-
ryngeus muscle up onto the stapler, thereby 
aiding the surgeon (Fig.  59.4 ). If this does not 
allow full placement of the staple cartridge, then 
the use of the CO 

2
  laser to divide the cricopha-

ryngeus muscle in the midline would be per-
formed. Richtsmeier discusses this issue as well 
as describing a modi fi cation of the staple device 
by shortening the anvil; however this creates a 
liability issue. He also describes cutting the left 
over ridge of tissue after using a securing suture 
at the apex of the pouch  [  28  ] .  

   Conclusion 

 The current literature recommends ESD as the 
preferred approach to treat ZD over 2 cm in size. 
Reasons for this recommendation include 
decreased complication rate, shorter operative 
time, more rapid resumption of oral intake, excel-
lent success rate, good long-term outcomes, and 
it can be performed on an outpatient basis leading 
to over $7,000 in cost savings  [  8,   23,   29–  34  ] .      
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    Introduction    

 A variety of inju   ries, acute    or chronic, can cause 
irreversible damage to the wall of the esophagus, 
compromising normal elasticity and luminal 
diameter, resulting in the formation of a stricture. 
Depending upon the clinical situation, esophageal 
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  Abstract 

 Benign esophageal strictures result from a variety of injuries causing local 
or diffuse narrowing of the lumen and compromising swallowing. 
Subsequently, nutritional health becomes impaired necessitating mechani-
cal treatment (dilation) of the stricture. 

Esophageal strictures are de fi ned as simple or complex depending upon 
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depends upon the nature of the stricture and the associated clinical situa-
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and associated complications are detailed. 

Potential new treatment with esophageal stenting is also discussed in 
light of recent early experience. 

Appropriate endoscopic photographs are included to augment the 
teaching points.  
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strictures may be localized, regional, or diffuse, 
impairing swallowing function. The purpose of 
primary treatment of these structural obstructions 
is to expand the esophageal diameter and improve 
or restore swallowing by esophageal dilation. 

 Esophageal dilation was  fi rst described in 
1674  [  1  ] , although crude attempts may have 
occurred prior to this. The use of a whalebone 
with a sponge mounted on the tip was the dilator. 
The  fi rst bougienage dilator was described in the 
1800s  [  2  ]  and was the instrument used for esoph-
ageal dilation until the introduction of the balloon 
at the end of the twentieth century.  

   Pathogenesis of the Stricture/
Formation 

 The process of stricture formation in the gastroin-
testinal tract is a complex mechanism  [  3  ] . Injuries 
to tissue prompt activation of cell types to pro-
mote healing and repair damage so that tissue 
returns to full function. Improperly regulated 
healing causes  fi brosis, whereby extracellular 
matrix and the  fi broblasts replace parenchymal 
cells and impair organ function. Macrophages 
and  fi broblasts are activated by CD 

4
  T cells which 

engage negative feedback loops that reduce 
 fi brosis by restraining the immune process. 
Disruption of signals between macrophages and 
 fi broblasts can promote or exacerbate the process 
of  fi brosis.  

   Sources of Benign Esophageal 
Strictures 

 Acid re fl ux disease was the most common cause 
of benign esophageal strictures  [  4  ]  prior to the 
introduction of proton pump inhibitor (PPI) 
therapy for this disorder  [  5,   6  ] . Subsequently, the 
frequency of peptic stricture formation has been 
markedly reduced. However, other sources of 
benign esophageal stricture formation arise from 
a variety of conditions which include Schatzki 
Ring formation, pill injury, surgical anastomosis, 
external beam radiation therapy, complications of 
photodynamic laser or radio-frequency ablation 

treatments for Barrett’s dysplasia, dermatology-
associated diseases (e.g., pemphigoid and epider-
mal bullosum) (Fig.  60.1 ), nasogastric tube injury 
(Fig.  60.2 ), caustic ingestion (Fig.  60.3 ), and 
eosinophilic esophagitis (Fig.  60.4 ).      

   Stricture Classi fi cation 

 Esophageal strictures have been classi fi ed accord-
ing to structure into two types: simple and complex 
 [  7  ] . Simple structures are symmetric or concentric 
in con fi guration, possess a luminal diameter 
 ³ 12 mm, and permit normal passage of the 
9.5-mm adult endoscope. Complex strictures are 
often asymmetric, have a luminal caliber <12 mm, 
and restrict the passage of the adult endoscope. 

 The stricture may be compromised by other 
factors including distal esophageal tortuosity and 
angulation, concurrent active in fl ammation, or 
fragile mucosa (eosinophilic esophagus) which 
further in fl uence safety and success of esopha-
geal dilation.  

   Esophageal Dilators 

 Two basic types of instruments are currently 
available for dilation of the esophagus: the Bougie 
(or push type) and the balloon dilator.
    1.    Bougie (push type)

   Maloney dilator (Medovations, Inc., • 
Milwaukee, WI) 
 This dilator is taper-tipped and has multiple 
progressive sizes to 60 Fr. This instrument 
is not passed over a guide wire and is used 
for simple strictures and self-dilation. A 
blunt-nosed form (Hurst) is seldom used 
today. The Maloney dilator was originally 
weighted with a mercury  fi lling; it is now 
tungsten  fi lled.  
  American dilator (C.R. Bard Interventional • 
Products, Tewsbury, MA) and Savary–
Gilliard dilator (Cook Medical, Blooming-
ton, IL) (Fig.  60.5 )  
 This type of dilator is polyvinyl in con-
struction with a hollowed center for pas-
sage over a guided wire. They are tapered 
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at the end and have multiple progressive 
sizes to 60 Fr.     

    2.    Hydrostatic balloon dilators (Fig.  60.6 ) 
   Through-the-scope (TTS) balloons (Boston • 
Scienti fi c, Natuck, MA; Cook Medical, 
Bloomington, IL) 
 These balloons are passed directly through 
the endoscope and permit visualization 
during in fl ation. Each balloon expands to 
three progressive sizes, e.g., 10–12 mm and 
16–20 mm.  
  Over-the-wire (OTW) balloon dilators • 
(Boston Scienti fi c, Natuck, MA) 
 These dilators are passed over a wire and 
deliver three distinct pressure-controlled 
diameters (above) and are designed with 

rectilinear shoulders to enhance endoscopic 
visualization during in fl ation.        

 The Bougie dilators cause two mechanisms 
of force—radial and shearing effect. Balloon 
dilators provide only radial force. Bougie dila-
tion is especially useful for dilating long or 
“refractive” strictures. They are the device of 
choice for dilating the small caliber esophagus 
encountered in patients with eosinophilic 
esophagitis. Balloon dilators are attached to 
the end of small diameter catheters and are 
deployed through the biopsy channel of the 
endoscope. These dilators are suitable for pas-
sage through “tight” localized strictures and 
permit visual placement of the balloon at the 
appropriate site (Fig.  60.7 ).  

  Fig. 60.1    Esophageal stricture associated with epidermolysis bullosa       
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 There is no scienti fi c comparison study demon-
strating consensus by experts on the clinical 
superiority of one type of dilator verses the other 
 [  9,   10  ] . The use of these devices depends upon 
the nature of the stricture, and the experience and 
personal preference of the physician.  

   Dilator Size: French Versus Millimeter 

 The nomenclature associated with the calibration 
(size) of the two types of dilators can often be 
confusing. Bougie dilators are numbered classi-
cally with the archaic “French gauge system” 
which measures the circumference of the dilator 
(  p   times diameter)  [  11  ] . Balloon dilators are 
measured by their diameters in millimeters. 
Conversion from one system to the other is often 
not stressed in our training programs. For 
example, three French (Fr) units equal 1 mm; a 
20-mm dilator equals 60 French (Fr). On the 
other hand, a 15 Fr dilator is 5 mm in size.  

   De fi ning the Stricture 

 Esophageal dilation is the primary treatment for 
the patient with dysphagia caused by a stricture. 
Esophageal dilation in a patient with dysphagic 
complaints without evidence of a structural 
abnormality seldom solves the problem  [  12,   13  ] . 
However, a history of an impacted food bolus 
necessitating endoscopic removal in the emer-
gency department is substantial evidence of a 
structural etiology. None the less, estimation of 
the type, location, and severity of the stricture 
requires objective de fi nition. Several diagnostic 
studies are useful for this mission. 

   Barium Swallow (Esophagram) 

 A barium esophagram is the most accurate and 
safe diagnostic modality to assess the location, 
extent, and luminal diameter of the stricture. 
Furthermore, the esophagram de fi nes the zone 
below the stricture, identifying malignancy or 
anatomic alterations which would preclude blind 
passage of a guidewire or balloon (Fig.  60.8 ).  

 The addition of a barium-soaked marsh-
mallow swallow can provide clues to luminal 
narrowing and subtle ring formation. The barium 
esophagram has virtually no risks and is rela-
tively inexpensive. Unfortunately, the contrast 
radiologic test is a “dying art” in many teaching 
and clinical institutions.   

  Fig. 60.2    Long esophageal stricture (demarcated by 
 arrows ), a complication of long-term nasogastric tube 
placement       

  Fig. 60.3    Series of contiguous ring-like structures caus-
ing esophageal narrowing associated with lye ingestion       
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  Fig. 60.4    “Small caliber” barium esophagram noting no 
change in basic con fi guration over a three photo sequence 
of 60 s. The lumen is small and “ring-like” forms are seen 

in the proximal esophagus on the  left . These features are 
classic for eosinophilic esophagitis       

  Fig. 60.5    A spread of American dilators ranging in size 
from 22 to 60 Fr. The wire guide (5 Fr   ) noted at the  bottom  
of the picture for comparison       

   Endoscopic Examination 

 Endoscopic inspection of the esophagus occurs 
prior to or at the time of dilation. The endo-
scopic view permits assessment of the diameter 
of the stricture opening, the presence of active 
in fl ammation, or Barrett’s esophagus (Fig.  60.9 ). 
Inspection of the gastroesophageal junction 
from below (when a junctional stricture is present) 
aids in detecting a high fundic in fi ltrating 
malignancy (Fig.  60.10 ). Importantly, the endo-
scopic examination can provide tissue to help 
exclude a malignant stricture.   

 Inability to pass the standard 9.5-mm endo-
scope through the stricture helps de fi ne the 
simple versus complex stricture and provides 
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  Fig. 60.6    A wire guided through the scope (TTS) balloon 
18–20 mm diameter ( left ). Schema of endoscope and bal-
loon in situ and pressure trigger ( right ) From   http://www.
bostonscientifi c.com/Device.bsci?page=HCP_Overview

&navRelId=1000.1003&method=DevDetailHCP&id=10
004591&pageDisclaimer=Disclaimer.ProductPage
&10602     with permission       

  Fig. 60.7    A sequence of balloon dilation of a distal 
esophageal ring: ( top left ) retrograde endoscopic view of 
rings from within the stomach; ( top right ) catheter inser-

tion through the ring zone; ( bottom  photos) adequate 
in fl ation of the balloon through the ring zone causing 
“ischemia” of the narrowed periphery       
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the clinician with a “starting point” in selecting 
the initial size and type of dilator. Additionally, 
the small diameter endoscope  £ 5 mm is an excel-
lent resource for passing the severe stricture and 
placing a guidewire or balloon.  

   Computerized Scan 

 The use of a chest computerized scan (CT scan) 
is not routinely used in evaluating esophageal 
strictures. CT scanning is useful in evaluating 
strictures that may have a possible malignant eti-
ology, especially an in fi ltrating malignancy 
involving the cardioesophageal junction.  

   Contraindications to Esophageal 
Dilation 

 Esophageal dilation is contraindicated in the 
presence of signi fi cant esophagitis, impacted 
food bolus, or esophageal varices. Patients 
with pulmonary or cardiovascular conditions 
require appropriate pre-procedural evaluation 
and possible formal anesthesia administration. 
Patients with cervical deformities, postopera-
tive pharyngeal malignancy surgery or exter-
nal beam radiation treatment, Zenker’s 
diverticulum, or chronic corticosteroid therapy 
require an extra-judicious approach to esopha-
geal dilation. 

 Anticoagulants should be discontinued during 
the examination period and the patient may 
require heparin “bridging” over this time. Routine 
antibiotic prophylaxis coverage is not recom-
mended for esophageal dilation  [  14  ] .  

   Patient Preparation 

 Esophageal dilation is most frequently an outpa-
tient procedure requiring an overnight fast. In 
situations where a signi fi cant narrowing has been 
identi fi ed, the patient should avoid solids for 
1–2 days prior to the procedure. Anticoagulants 
should be suspended with heparin bridging if 

  Fig. 60.8    Esophagram detailing    a mid-esophageal 
Barrett’s stricture. The stricture is immediately distal 
(beneath) to the pseudosacculations above       

  Fig. 60.9    Endoscopic appearance of distal esophageal 
stricture associated with active in fl ammation and ulceration       

 

 



866 W.J. Hogan

needed. The patient should be well informed 
about the risks of complications, particularly 
perforation associated with esophageal dilations. 
Severe chest pain, hospitalization, and possible 
surgery are associated complications of esopha-
geal perforation. The patient should be advised 
that a post-procedural esophagram may be neces-
sary if a perforation is suspected. In addition, an 
appropriate communication channel should be in 
place as a contingency for delayed post-discharge 
complications or patient’s concerns.  

   Progressive Dilation “Rules” 

   Esophageal Bouginage 

 There are traditional limits imposed on the num-
ber of tapered OTW dilators used at one time 
called the “rule of three”  [  15  ] . No more than three 
progressive sized dilators are passed based on 
“common sense” acquired decades ago. Despite 
newer dilator materials, guidewires, and  fl uoro-
scopic monitoring, this rule is accepted by the 
majority of physicians who use Bougies. 

 The dilator size for the initial dilator should be 
predicted on the assessment of the luminal diam-
eter and structural characteristics of the stricture. 
Based on the resistance to passage of the  fi rst dila-
tor, usually only two additional dilators are passed 
(Fig.  60.11 ). For example, if resistance occurs 

with a 30-Fr dilator, using the rule of 3 ¢ s, only two 
additional dilators (33 Fr and 36 Fr) are passed 
subsequently. Skipping to signi fi cantly higher 
dilator sizes and avoiding the traditional rule are 
considered by experts to increase the risk of perfo-
ration despite the lack of supportive evidence.   

   Esophageal Balloon Dilation 

 The introduction of the balloon dilator has altered 
the “rules” somewhat. Sets of individual balloons 
are constructed to expand in increments to a total 
of 3 mm diameters, e.g., 18–20 mm. There are no 
starting “guide lines” for using balloons for stric-
ture dilations. However, balloon dilators are 
mounted on small-diameter catheters which read-
ily pass through complex strictures, providing an 
approximation of the luminal diameter. For 
example, an estimated 6-mm stricture diameter 
suggests a 10–12-mm balloon as an initial size. 
Depending upon the size of the stricture and 
esophageal angulation and contraction activity, 
balloon expansion can be monitored visually 
through the endoscope. The ability to move the 
balloon through the stricture site during full 
in fl ation supplies evidence for higher diameter 
dilators. In addition, reexamination of the stric-
ture site furnishes information about tissue 
trauma and the need to cease or continue with 
larger balloon diameters.   

  Fig. 60.10    Endoscopic retro fl exed view of cardia (1) and gastroesophageal function (2) in a patient with distal 
esophageal stricture       
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   Techniques of Dilation 

   Bougie Dilating 

 In preparation before Bouginage dilation, a 
guidewire is placed into the stomach through the 
endoscope. Care must be taken not to dislodge the 
wire during subsequent extraction of the endo-
scope and this is one advantage of radiologic 
monitoring of the procedure  [  8  ] . New guidewires 
have calibrations, but accuracy in securing appro-
priate gastric placement is dif fi cult at times. 
Appropriate anatomic distances measured from 
the incisor teeth are helpful to remember (the 
antrum is 60 cm; the duodenum sweep is 90 cm). 

 The patient is customarily sedated following 
thorough anesthesia of the oral pharynx and is 
positioned in the regular left lateral position. 
A large mouth guard is used so that resistance to 
bougie passage is minimized. The operator should 
experience no appreciable sensation of resistance 
other than that caused by the stricture itself. For 
maximal ease in inserting the bougie through the 
oropharynx, the patient’s head should be de fl ected 
to the thorax, chin down. 

 An experienced nurse or technician presents 
the  fi rst dilator after lubricating the inner core 

with water to ease wire insertion. As the bougie is 
inserted over the wire, the assistant holds the wire 
like a “clothesline” so there is no drag to the sys-
tem. Lubrications should be con fi ned to the proxi-
mal position of the dilator to avoid a slippery shaft 
which can compromise the operator’s grip. 
Despite the wire track guidance, insertion through 
the oropharynx can be awkward and associated 
with resistance. One technique which may help is 
placement of the index  fi nger into the mouth adja-
cent to the mouth guard to de fl ect the tip of the 
bougie down into the distal pharynx. The opposite 
hand of the operator holds the distal portion of the 
dilator assuming a “pool cue” grip. Grabbing the 
shaft with a “ fi st grip” prompts a more intense 
thrust rather than a graduated insertion of the dila-
tor. Esophageal dilation with a bougie does not 
require one energetic ramming of the instrument 
down the esophagus. Gentle sustained insertion 
of the dilator into the esophagus affords the best 
tactile appreciation of resistance to passage and 
possible obstruction to that size of dilator. 

 A few caveats concerning wire-guided dila-
tion of the esophagus are worthwhile. The sensa-
tion of “resistance” to bougie transit during 
insertion is considered a major factor in deter-
mining further progression to larger sized dila-

  Fig. 60.11    Extensive, ulcerated peptic esophageal stric-
ture with linear ulcerations (1); A portion of damage 
resulting from passage of a 21-Fr bougie associated with 

signi fi cant resistance. No further dilations were performed 
at initial procedure       
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tors. In the presence of active in fl ammation, the 
resistance factor is not present or appreciated by 
the operator. This should not be interpreted as a 
safety factor per se for passage of larger dilators. 
This feature is almost always a problem when 
dilating the eosinophilic esophagitis stricture. 

 The presence or absence of a coating of blood 
on the shaft of the extracted bougie following 
dilation is no speci fi c indication for stopping or 
continuing with additional dilations. Endoscopic 
re-inspection of the esophagus provides more 
useful information in assessing tissue damage 
and providing clues concerning further dilations. 
This is especially helpful when dilating complex 
strictures, rings, and eosinophilic esophagitis.   

   Fluoroscopic Monitoring 

 The use of  fl uoroscopic monitoring during esoph-
ageal bouginage provides real-time information 
about bougie transit and wire guide position. 
Fluoroscopy is generally not necessary when 
dilating the simple stricture  [  16  ] . However, use of 
 fl uoroscopy may improve safety in situations 
involving a tortuous esophagus, a large hiatal 
hernia, or using a wireless bougie.  

   Maloney Dilators 

 Maloney (wireless)  fi liform dilators are useful in 
dilating certain simple strictures. Once the stric-
ture has been characterized, “blind” passage can 
be successfully performed. One important caveat 

in using this dilator: avoid blind wireless inser-
tion of the Maloney in the presence of a signi fi cant 
hiatal hernia. Impingement of the tip of the 
bougie into the wall of the hernia pouch can result 
in a gastric perforation. 

 Self-dilation after appropriate instruction has 
been performed at home using the Maloney dila-
tor by a small subset of motivated patients  [  17  ] .  

   Balloon Dilating 

 Current balloon dilators are designed to deliver 
three pressure-controlled diameters at one place-
ment, e.g., 18–20 mm. The balloons are designed 
with rectilinear “rounded shoulders” which 
permit endoscopic observation during balloon 
expansion. This may not always be possible, 
however, when there is signi fi cant angulation of 
the distal esophagus or consistent esophageal 
motor activity. Balloon dilation is most frequently 
used for short, focal strictures. Stabilization of 
balloon during in fl ation can be a challenge 
because the esophagus shortens 1–1.5 cm during 
focal distention. Because of this feature, the 
(waist) of the balloon is positioned slightly above 
the stricture midpoint and the catheter is stabi-
lized at the endoscope by the operator to prevent 
balloon migration. Successful balloon dilation to 
the desired diameter occurs when the balloon is 
“locked” against the wall of the stricture during 
the in fl ation process (Fig.  60.12 ). The ability of 
the operator to move the balloon through the 
stricture site at full volume suggests the site is 

  Fig. 60.12    Endoscopic view of a fully in fl ated (20 mm) balloon dilator securely “locked” into the stricture zone. 
The balloon could not be moved at this diameter indicating a successful “stretch” as noted on the  right  photo       
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not being effectively dilated; the lumen still 
exceeds the diameter of the balloon. The optimal 
duration of balloon in fl ation at any diameter is 
arbitrary, although 30–60 s is generally used by 
most physicians.   

   Therapeutic Goals of Esophageal 
Dilation 

 The goal of successful esophageal dilation (s) 
hinges upon two primary factors: (1) degree of 
luminal expansion and (2) need for subsequent 
dilations. It is generally accepted that dilation of 
the esophageal lumen to a diameter of 15 mm 
(45 Fr) allows the patient to tolerate a modi fi ed 
solid diet. Expanding the lumen to 18 mm (54 Fr) 
normalizes swallowing unless other factors 
exist  [  18  ] . 

 However, there may be no predictable associa-
tion between the magnitude of the luminal dila-
tion and the patient’s symptomatic improvement. 
For example, if the dysphagia for solids has been 
chronic, the patient has been conditioned to a 
modi fi ed diet despite the improvement in esopha-
geal caliber. The patient is often    reticent to chal-
lenge swallowing with larger solid foods. 
Additionally, it has been shown that the patient’s 
symptomatic improvement may not correlate 
with objective swallowing tests (barium pill swal-
low) which indicated continuing obstruction of 
solid transit  [  19  ] . 

 The interval between progressive dilations of 
the esophagus is not standardized. This cadence 
can range from several days to a few weeks. The 
presence of active in fl ammation and structural 
damage from the most recent series of dilations 
and the patient’s rapid recurrence of symptoms 
will in fl uence this interval time. 

 Some predictable features suggesting a poor 
response to esophageal dilation have been 
reported. Long stricture length and small luminal 
diameter are harbingers for ineffective balloon 
treatment  [  20  ] . A small diameter peptic stricture 
is often an indication that repetitive serial dila-
tions will be necessary to accomplish adequate 
esophageal caliber. Radiation-induced strictures 
are typically dif fi cult to dilate and may necessi-
tate a repetitive series of dilations  [  21  ] .  

   Refractive Strictures 

 Dilation of benign esophageal strictures has an 
immediate success ratio in relieving dysphagia 
of 80–90%. However, 30–40% of patients have 
symptomatic recurrence within the  fi rst year 
following initial dilations  [  18,   22  ] . The majority 
of these patients are treated with repeated dila-
tions. When the sequence of dilations is neces-
sarily repetitive or clinically ineffective, the 
stricture is considered “refractive” (Fig.  60.13 ).  

 In one series of 87 constrictive patients with 
benign esophageal strictures, signi fi cant predictors 

  Fig. 60.13    Endoscopic appearance of a recurrent distal esophageal peptic stricture before ( left ) and after ( right ) 
dilation. The patient has required serial dilations (bougie) twice yearly       
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of early recurrence in peptic strictures included 
a hiatal hernia, persistence of heartburn, and the 
number of initial dilations to relieve dyspagias 
(>3 dilations). In the same study, multivariate 
modeling showed that a nonpeptic stricture was 
a signi fi cant predictor of earlier recurrence 
within 1 year of initial dilation  [  23  ] . 

 Although each esophageal stricture poses its 
own challenge to dilation, certain categories of 
strictures present a more predictable recalci-
trance. Esophageal strictures caused by radiation 
treatments of the neck and chest are notoriously 
dif fi cult to maintain patency by dilations. Surgical 
anastomotic strictures encountered following 
subtotal esophagectomy are dif fi cult to effec-
tively expand. Strictures associated with certain 
skin disorders (pemphigoid and epidermolysis 
bullosa) respond poorly to dilation as do stric-
tures resulting from caustic indigestion or pro-
longed nasogastric tube placement. The 
thickened, rubbery, doughnut-like stricture 
encountered at the gastroesophageal junction 
(nonpeptic?   ) offers particular resistance to 
repeated dilation (Fig.  60.14 ).  

 Several techniques/technology have been 
devised or are in clinical trials to more effec-
tively treat refractive esophageal strictures. These 
include the use of intralesional corticosteroid 
infections, electrocautery incisions, and tempo-
rary placement of esophageal stents. 

   Coricosteroid Injection Treatment 

 Coricosteroid injection into esophageal stricture 
site(s) is based on the premise that there is sub-
sequent disruption of collagen formation and 
disposition and reduction of the in fl ammatory 
response. A 5-year follow-up of a prospective 
randomized trial comparing the effects of savory 
dilation with or without intralesional steroid 
injections in a group of patients with peptic stric-
tures demonstrated a prolonged bene fi t in 
improving dysphagia symptoms and decreasing 
the frequency of dilations among patients receiv-
ing steroid injections  [  24  ] . A more recent study 
involving 30 peptic stricture patients in a pro-
spective, double-blind protocol compared ste-
roid injection to sham injection  [  25  ] . In the 
patients who were followed for 1 year, two 
patients in the steroid group (13 %) and nine in 
the sham group (60%) required repeat dilation. 
PPIs were provided during this study to suppress 
potential acid injury. 

   Steriod Injection Technique 
 Endoscopic steroid injection is customarily 
performed using a standard 22-gauge sclerother-
apy needle. Triamcinolone acetonide (Kenalog, 
40 mg 50/mL) is administered in 1.0 mL aliquots 
(into four quadrants) at the narrowest region of 
the stricture. 

  Fig. 60.14    The appearance of a “thickened, rubbery-
like” nonpeptic stricture from within the esophagus ( left ) 
and from below ( right ) “hugging” the esophagus. The 

nature of this stricture is unknown but requires dilation 
(bougie) every 4 months with little evidence of mucosal 
trauma on endoscopic re-inspection       
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 We initially dilate the esophageal stricture prior 
to steroid injection. Subsequently repeat endos-
copy examination discloses the site(s) of wall 
damage at the narrowest luminal points. Cortico-
steroid injections are directed into these trauma fur-
rows to maximize spread into subcutaneous tissue.   

   Esophageal Stents 

 Conventional esophageal dilation per se occurs 
over a very short period of time. Theoretically, 
sustaining a dilator in the stricture zone for a pro-
longed time would enhance expansion and assure 
better  fi xation of the esophageal wall. To address 
this possibility, temporary placement of endo-
scopically delivered stents in the stricture zone 
has been used. There are now a variety of self-
expanding plastic stents (SEPS) available for 
dilating refractive benign esophageal strictures. 
These stents are constructed to provide stronger 
radial forces to maintain patency, assure anchor-
ing position, and have  fl uoroscopic visibility. 
These stents are safe, extractable, and can be cost 
effective. For example, a silicon-coated, expand-
ing, plastic stent, Poly fl ex™ (Willy Rusch GIMH/
Boston Scienti fi c, Natuck, MA) has recently been 
approved by the US Food and Drug Administration 
(FDA) for use in patients with refractory benign 
esophageal strictures. The stent is covered with a 
polyester siliconized coat to avoid ingrowth of 
epithelial tissue, permit insertion, and, impor-
tantly, eventual removal from the stricture site. 
The stent is supplied in smaller diameter 
(18/23 mm) and larger diameter (21–25 mm). 

   Stricture Placement 
 The tight refractive stricture is dilated to capacity 
with Savary–Gilliard or American dilators prior 
to insertion of the plastic stent. After estimating 
the length of the stricture endoscopically, place-
ment of radiopaque markers on the skin can mark 
the proximal and distal ends of the stricture to 
enhance the accuracy of stent placement under 
 fl uoroscopic observation. 

 The experience with the Poly fl ex™ stent for 
benign strictures has been varied and most often, 

unimpressive. A 4 weeks poly fl ex stent place-
ment trial in 40 patients with a benign esophageal 
stricture demonstrated improvement (dysphagia 
free) in only 40% of patients  [  26  ] . Another study 
of 30 patients reported long-term improvement in 
just 6% of cases during long-term follow-up  [  27  ] . 
In a report of Poly fl ex™ stent placement in 13 
patients with the majority demonstrating anasto-
motic strictures, 11 patients had satisfactory relief 
of dysphagia to solids while the SEPS was in 
place, but this persisted in only 3 patients after 
removal of the stents  [  28  ] . 

 Biodegradable stents have recently been 
developed and used in a clinical trial in Europe. 
The device is an Ella BD stent (Ella-CS, Hradec 
Kralove, Czech Republic) made of polydiox-
anone. Polydioxanone is a semi-crystalline 
biodegradable polymer 25 mm in diameter. The 
BD stent degrades after 4–5 weeks by random 
hydrolysis. Stent material is partially absorbed 
and partially excreted through the GI tract. In 
a recent report, two groups of consecutive 
patients with benign strictures received tempo-
rary (6 weeks) placement of SEPS (20 patients) 
or biodegradable stents (18 patients)  [  29  ] . 
Placement of SEPS or biodegradable stents 
provided relief of dysphagia in 30% and 33%, 
respectively, in follow-up ranging from a mean 
of 6–12 months. Major complications occurred 
in four patients (22%).  

   Stent Complications 
 Although self-expandable fully covered plastic 
stents represent a potential future treatment for 
benign esophageal strictures, they are associated 
with signi fi cant complications and morbidity. 
Complications of insertion of the stent include 
aspiration and airway compromise and require 
removal of the device. The biggest problem is 
migration of the stent. Reports of stent migration 
range from 7 to 85%  [  30  ] . Other complications 
include bleeding, perforation, aorta- fi stula for-
mation, and new stricture development at the 
respective poles of the stent itself. 

 At the time of this writing   , an effective durable 
stent therapy for refractive benign esophageal 
stricture remains elusive.   
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   Alternative Therapies 

 Electroincision technique can    be a therapeutic 
option in certain refractive strictures, particularly 
the post-op esphagogastric anastomosis which is 
short and shelf-like. Benign anastomotic stric-
tures occur in 5–46% of patients after resection of 
the esophagus for cancer  [  31  ] . As many as 39% 
of patients with post-op esophagogastric anasto-
motic strictures require more than three dilations 
to achieve adequate results  [  32  ] . In a study of 62 
patients with a post-op esophagogastric stricture 
randomized to electrocautery incision versus 
savary bouginage, there was no signi fi cant dif-
ference between the incision versus the dilation 
groups in mean number of dilations (2.9 versus 
3.3) or the ultimate success rate (96.2 versus 
80.8%), neither were there complications with 
either technique  [  33  ] . In this study, multiple lon-
gitudinal electroincisions were made around the 
circumference of the stenotic ring using an ERCP 
needle knife. The depth of the incision was esti-
mated at approximately 4 mm—the end point 
was passage of the endoscope.  

   Self-Dilation 

 Esophageal self-dilation is a treatment option 
for patients with resistant benign esophageal 
strictures. The patient has to be motivated and 
the stricture has to be simple. Successful home 
dilation provided symptomatic improvement 
in 13 patients followed for a mean of 4.8 years 
 [  34  ] . A more recent report describes signi fi cant 
improvement in dysphagia in seven patients for a 
mean of 3 years  [  35  ] . 

 The technique of self-dilation involves a detailed 
process of education, a minimum of three teaching 
sessions, and close supervision of passage of a 
Maloney dilator until all parties are satis fi ed  [  17  ] .   

   Eosinophilic Esophageal Strictures 

 The incidence of eosinophilic esophageal (EoE) 
strictures has increased signi fi cantly over the 
last two decades. In one prospective report, the 

prevalence of EoE in adult population under-
going upper endoscopy was 6.5%  [  36  ] . The 
unique tissue remodeling associated with this 
disorder promotes subepithelial  fi brosis which 
results in the formation of esophageal rings and 
strictures, causing solid food dysphagia. Many 
of these patients require esophageal dilation, 
but the mucosal fragility associated with this 
disorder predisposes to signi fi cant damage from 
standard dilation. Extensive mucosal sheering 
can be painful and perforation more problem-
atic. However, in a review of 468 patients with 
EoE who underwent 671 dilations; the majority 
of cases had mucosal tears but only one perfo-
ration occurred  [  37  ] . 

 Nonetheless, dilation of    the EoE strictures 
requires additional caution by the physician. 
For example, on occasions, passage of the 
standard 9.7-mm endoscope may cause 
signi fi cant disruption of the esophageal lining. 
In addition, the esophageal    wall involvement in 
EoE stricture patients causing dysphagia may 
be unevenly distributed. For that reason, boug-
inage may be the dilator of choice in these 
patients and the “rule of threes” is waived. 
Endoscopic reinspection after passage of the 
initial dilator is often rewarding in providing 
information about damage and need for further 
dilations. It should be pointed out that the dys-
pagia associated with mild to modest EoE stric-
tures may respond to medical therapy negating 
the risk of esophageal dilation.  

   Proton Pump Acid Control 

 The introduction of PPI therapy to treat gastroe-
sophageal re fl ux disease has made a dramatic 
impact in decreasing peptic strictures. This medi-
cation has been invaluable in preventing the 
recurrence of symptoms and reformation of stric-
tures in patients with peptic disease. Prior to this 
potent antacid medication, repeated esophageal 
dilations were necessary in approximately 70% 
of patients with GERD strictures  [  38  ] . PPI use 
decreases stricture recurrence and the necessity 
for future dilations. In a prospective randomized 
study, long-term PPI therapy prevented the 
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reformation of a Schatzke Ring after initial dilation 
 [  39  ] . Patients with strictures resulting from acid 
re fl ux may require prolonged proton pump therapy 
for an inde fi nite period in the future after appro-
priate response to dilation.  

   Upper Esophageal Strictures 

 Strictures encountered in the upper esophagus 
are most often the result of therapy (surgery, 
radiotherapy, or chemotherapy) for head and 
neck malignancy. The proximal esophagus is also 
the site for cervical webs (Plumer–Vinson syn-
drome); dermatology-associated lesions, e.g., 
epidermolysis bullosa and pemphigoid; tracheoe-
sophageal repair site; and eosinophilic esophagitis 
strictures. 

 Barium contrast swallow is essential in 
de fi ning the structural characteristics of a proxi-
mal stricture. The caliber of endoscopic passage 
further de fi nes the severity, i.e., the need for a 
5-mm diameter endoscope. 

 Strictures located beneath the upper esopha-
geal sphincter preclude the use of balloon dila-
tors because of placement issues. Fluoroscopy is 
important when dilating severe or angulated 
structures, and the “rule of three” depends on the 
clinical situation experienced with bougie passage. 
In one report on dilation upper esophageal stric-
tures (UES), in situations when bougie dilation 
was impossible, the use of a “biliary” type 
guidewire and ERCP accessories eventually per-
mitted progression to polyvinyl dilators  [  40  ] . 

 In situations, especially following radiation 
therapy, when complete obstruction of the esoph-
agus occurs, a combined antegrade/retrograde 
approach for dilation of the stricture has been 
used. The patients all have had a pre-existing gas-
trostomy tube. A neonate endoscope is inserted 
through the gastrostomy and maneuvered retro-
grade into the esophagus where the distal portion 
of the stricture can be examined. A spring-tipped 
guidewire introduced through a peroral endo-
scope and the proximal side of the stricture is 
gently probed while there is concurrent visualiza-
tion from the distal side below. In one report 
using this method on 12 patients in conjunction 

with an otolaryngologist who employed a number 
of probing devices to open the upper portion of 
the stricture to allow guidewire passage, ten of 
the maneuvers were successful in opening the 
stricture for delivery of nutrition orally  [  41  ] .  

   Complications of Dilation 

 Esophageal dilation can cause bleeding, chest 
pain, and the most concerning complication—
perforation. The overall frequency of complica-
tions associated with dilations of the esophagus 
ranges from 0.1 to 0.4%  [  7  ] . However, the indi-
vidual risk of esophageal perforation depends 
upon the complexity and location of the stricture 
and the nature of the disorder, e.g., eosinophilic 
esophagitis. Early recognition and management 
of an esophageal perforation is paramount for 
successful treatment. 

 Cervical and high esophageal perforations can 
often be treated conservatively with nasogastric 
suction to divert secretions and gram-positive 
antibiotic administration. In the past, surgical 
management of esophageal perforation has 
been the mode of treatment. Currently this is 
increasingly becoming a nonsurgical issue. When 
complications are immediately recognized, endo-
scopic placement of clips to close the perforation, 
or fully covered, removable, and expandable 
stents have been employed to cover larger perfo-
rations. If leakage from the perforation consists 
of air, not  fl uid, it will be absorbed as the stent 
closes. Both gastrograptric contrast swallow and 
computed tomography are important guidelines 
for directing conservative management of perfo-
rations caused by stricture dilation.  

   Conclusions 

 Esophageal stricture signi fi cantly impacts on the 
patient’s ability to swallow, that is, impeding or 
prohibiting oral intake of food. Dysphagia result-
ing from an esophageal stricture can have a pro-
found effect on nutrition and may be associated 
with pain, aspiration, impacted food bolus, life 
style disruption, and fear of eating. 
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 Esophageal strictures are caused by a number 
of disorders ranging from primary physiologic 
disturbances like GERD to secondary causes 
from surgical procedures. This feature is the 
explanation for variation in stricture characteris-
tics and response to therapy. 

 Because the esophageal food conduit pos-
sesses unique motor function which is irreplace-
able, treatment is almost exclusively conservative 
(surgical treatment is the last resort), and efforts 
to mechanically re-open the lumen involve dilating 
the stricture with  fi liform or balloon dilators. 

 The equipment, technique, and appropriate 
use of dilating esophageal strictures have been 
reviewed in this chapter. The associated risks and 
goals related to esophageal dilation are outlined. 

 The success of esophageal dilation and main-
tenance of luminal potency is estimated to be 
over 80%. There are a signi fi cant minority of 
patients, however, with strictures that “defy” con-
ventional dilation and subsequent improvement. 
These strictures are classi fi ed as “refractive” and 
require different techniques and instruments to 
expand the esophageal lumen. For example, a 
new cadre of plastic, covered, degradable, and 
expanding stents has been developed for pro-
longed placement within the zone of a refractive 
stricture. 

 Each esophageal stricture possesses basic 
structural characteristics, but other features 
including the severity, extent, on-going in fl a-
mmation, and regional location compromise the 
lesion and treatment challenge. The approach to 
esophageal dilation requires a clinician who is 
careful, appropriately talented, and experienced. 

 Swallowing is an essential part of life. 
Restoring acceptable or normal esophageal food 
transit by esophageal dilation is a most worthy 
task.      
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  Abstract 

 The majority of the patients with esophageal cancer present with dysphagia 
and over 50% are unresectable at presentation. Some may also develop a 
trachea-esophageal  fi stula preventing them from oral intake. Self-expanding 
esophageal stents are now the most commonly used modality to palliate 
these patients since these stents are easy to place with minimally invasive 
techniques and the relief in symptoms is almost immediate. Plastic coating 
on the stents can also seal  fi stulae. Compared to chemoradiation, since the 
relief in symptoms with stents is immediate, these stents are also being 
considered for locally advanced esophageal cancer as a bridge to surgery 
for those requiring neoadjuvant therapy. This approach is not universally 
accepted since stents can be associated with serious complications that may 
delay therapy. With the availability of expandable stents that can be 
removed, there has been a great interest in using stents as long-term dilators 
for treating benign refractory esophageal strictures. Results have been 
mixed and several studies have reported signi fi cant complications. Hence 
stents for benign esophageal strictures should be used in carefully selected 
patients in centers with expertise to manage stent-related complications. 
Newer developments in design are needed. Biodegradable stents that get 
metabolized by the body and eventually absorbed are available in other 
countries and it will be interesting as to how they perform especially in 
those who need temporary esophageal stenting.  

  Keywords 

 Esophageal stenting  •  Dysphagia  •  Palliation  •  Malignant dysphagia  
•  Refractory benign esophageal strictures      
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   Introduction 

 Dysphagia can result from either intrinsic lesions 
of the esophagus or from extrinsic compression. 
These lesions can either be benign or malignant in 
nature. Widely accepted grading for severity of 
dysphagia is Grade 0: no dysphagia; Grade 1: 
dif fi culty swallowing most solids; Grade 2: 
dif fi culty swallowing solids and semisolids; Grade 
3: dif fi culty swallowing liquids also; and Grade 4: 
unable to swallow one’s own saliva. Some consider 
patients with a trachea-esophageal  fi stula also as 
Grade 4. Due to the good compliance of the esoph-
ageal wall, patients generally do not complain of 
dysphagia until over 50% of the esophageal lumen 
is obstructed or in absolute terms, the luminal 
diameter has decreased to 12 mm or less in adults. 
Hence the majority of the patients with esophageal 
cancer presenting with dysphagia have advanced 
disease and carry a dismal 5-year survival rate of 
less than 20% with over 50% unresectable at pre-
sentation  [  1–  3  ] . Despite this poor prognosis, palli-
ating dysphagia is important for maintaining 
nutrition, preventing aspiration, and improving 
quality of life. Surgery for palliating malignant 
dysphagia can be associated with signi fi cant mor-
bidity and mortality and similarly, palliative chemo-
radiation can be associated with signi fi cant side 
effects and do not relieve dysphagia immediately. 
In the recent past several endoscopic approaches 
have emerged and currently, self-expandable 
esophageal stents have become the most commonly 
used modality for immediate relief of dysphagia 
and for sealing trachea-esophageal  fi stula. 

 Dysphagia secondary to benign esophageal 
strictures, on the other hand is easy to manage 
with periodic endoscopic dilatations  [  4,   5  ] . 
However complex benign strictures can develop 
after corrosive injuries, radiation, surgery, and 
esophageal ablative treatments like photody-
namic therapy and mucosal resections. These 
strictures are dif fi cult to dilate, carry a high pro-
cedural complication rate, and tend to recur 
within weeks of the dilatation  [  6,   7  ] . Hence these 
strictures are considered as  Refractory Benign 
Esophageal Strictures (RBES)  de fi ned as an ana-
tomic  fi brotic esophageal restriction, in the 

absence of in fl ammation or motility disorder, 
with the inability to achieve a diameter of  ³ 14 mm 
in  fi ve sessions of dilatations at 2-week intervals 
or the inability to maintain a diameter of  ³ 14 mm 
for 4 weeks once  ³ 14 mm diameter is achieved 
 [  8  ] . The role of using expandable esophageal 
stents in treating RBES is evolving.  

   Esophageal Stents 

 The concept of using hollow tubes for treating 
malignant dysphagia dates back to over 100 years 
ago. Charles J Symonds in 1885 for the  fi rst time 
introduced the concept of using stents to relieve 
dysphagia. These tubes were made of ivory or 
boxwood. Several decades later, semirigid plastic 
esophageal stents were introduced. These plastic 
stents were 16–18 mm in diameter, required pre-
insertion dilatation and were associated with high 
complication rates  [  9–  12  ] . Hence besides stents, 
alternatives like laser, alcohol injection, and pho-
todynamic therapy were also used for palliation 
of malignant dysphagia. With the introduction of 
self-expanding metal esophageal stents (SEMS) 
in the early 1990s, interest in using stents as a 
palliative option was revived and currently SEMS 
have virtually replaced the older plastic stents. 

 Although there are several types of FDA 
cleared SEMS available in the US (and many 
more varieties worldwide), the broad principle of 
design and placement remain the same (Fig.  61.1 ). 
The majority of the stents are made of a nickel 
titanium metal alloy (Nitinol) wire woven into a 
tubular structure that is constrained to a thin diam-
eter (7–10 mm) on a delivery catheter. Once 
released, the stent expands to its preset diameter 
that can range from 16 to 25 mm. SEMS are avail-
able in various lengths. The upper and lower ends 
of the stent have  fl ared  fl anges to prevent migra-
tion. Some of the advantages of SEMS over semi-
rigid plastic stents are (1) thinner delivery system 
as the stent is constrained to a smaller diameter. 
Hence pre-insertion dilatation is not required in 
most patients. (2) Despite the thinner delivery sys-
tem, the expanded stent can reach diameters larger 
than the plastic stent. (3) Expansion is gradual 
unlike the abrupt stretching from plastic stents. (4) 
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SEMS can conform to the shape of tortuous stric-
tures, and (5) it is possible to deploy another 
SEMS into a previously placed stent if needed. To 
prevent tumor in-growth, stents are either fully 
covered with a plastic material (polyurethane or 
polyethylene) or a small segment at the upper and 
lower ends is left uncovered for tissue anchoring. 
However, this can lead to granulation tissue 
embedding the stent making removal dif fi cult and 
unsafe (Fig.  61.2 ). For this reason, SEMS have 
been associated with high complication rates 
when used for benign indications with intentions 
to remove  [  13–  19  ] . In the recent past, a fully cov-
ered expandable stent made of woven plastic 
strands (presumably induces less granulation tis-
sue reaction) was introduced (self-expanding 
plastic stent: SEPS) that can be removed. Besides 
malignant strictures, currently this is the only stent 
FDA has cleared for use also for benign esopha-
geal strictures. Although fully covered metal 
stents can also be removed, they are awaiting FDA 
clearance for use in benign esophageal disorders. 
Newer stents are being introduced that are entirely 

made of biodegradable material and hence can be 
used in situations where temporary stenting is 
required (e.g., benign strictures, bridge to surgery) 
since removability is a nonissue as these stent 
eventually will be metabolized and absorbed.   

 Although there are several types of expand-
able stents available, one size or shape does not 
 fi t all. Stents can vary in their length, width, coat-
ing, radial force, buckling (kinking like a straw) 
characteristics, removability, deployment mecha-
nism, and shortening versus non-shortening on 
expansion. These characteristics need to be 
matched with the characters of the stricture and 
expertise of the operator.  

   Malignant Dysphagia 

   Palliation 

 The primary aim of palliating malignant dys-
phagia is to maintain a patent orogastric pathway 
until the patient’s demise. Besides opening an 

  Fig. 61.1    A self-expanding metal stent (Wall fl ex ®  stent, 
Boston Scienti fi c, MA) is constrained between an inner 
and an outer catheter. On withdrawal of the outer catheter 

(direction of withdrawal shown by arrow), the released 
stent expands       
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obstructed esophagus, the orogastric pathway 
should also be functional. Hence the techniques 
used should also seal tracheo-esophageal  fi stulae 
and leaks if present. This will allow the patient to 
swallow saliva and food (as against G-tube feed-
ing) and help in improving quality of life. 
Esophageal stents, especially SEMS are easy to 
place, at times deployed as an outpatient proce-
dure, provide immediate relief of symptoms and 
can seal leaks,  fi stulae, and perforations (covered 
SEMS). 

 Comparing semirigid plastic stents to SEMS, 
in a landmark prospective randomized trial, 
Knyrim et al.  [  20  ]  studied 42 patients with malig-
nant esophageal obstruction. SEMS were associ-
ated with signi fi cantly less complications (0) 
compared to plastic stents (9;  P  < 0.001) and there 
was a 14% procedure-related mortality with the 
plastic stents. There was no difference in dys-
phagia relief, performance status, and survival 
rate between the two groups. Similar to Knyrim’s 

study, other studies have also shown semirigid 
plastic stents were associated with higher com-
plication rates  [  10–  12,   20  ] . SEMS have now vir-
tually replaced plastic stents and have become 
the most widely accepted modality used to palli-
ate malignant dysphagia and/or malignant esoph-
ageal  fi stulae. 

 The ef fi cacy of using SEMS in the palliation 
of malignant esophageal diseases has been exten-
sively studied  [  10,   12,   20–  25  ] . They are easy to 
place with over 95% technical success rate in 
placement and provide almost immediate relief of 
symptoms. Dysphagia scores generally improve 
to grade 1 (tolerating semisolids and liquids) and 
rarely to grade 0. Patients do have to chew their 
food well. At times, functional success, namely 
patient tolerating oral intake can be slightly lower 
than the technical success as some patients have 
chest discomfort and avoid eating or the stent 
does not adequately seal a  fi stula. Similar to 
SEMS, SEPS have also shown effectiveness in 

  Fig. 61.2    ( a ) Partially covered stent (Ultra fl ex ®  stent, 
Boston Scienti fi c, MA). Tissue in-growth in the uncov-
ered segments can embed the stent making it dif fi cult to 

remove. ( b ) Fully covered stent (Wall fl ex ®  stent, Boston 
Scienti fi c, MA)       
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palliating dysphagia and since this is a fully cov-
ered stent, it can also seal  fi stula and leaks 
 [  26–  35  ] . Unlike expandable metal stents, SEPS 
do not come preloaded and the delivery system is 
signi fi cantly larger in diameter compared to 
SEMS requiring pre-insertion dilatation. 

 Very few studies have evaluated the in fl uence 
of the type of SEMS on the success in palliation. 
There is a higher risk of migration with covered 
stents while tissue in-growth resulting in recurrent 
dysphagia is a major issue with uncovered stents 
 [  36  ] . No signi fi cant differences in outcomes were 
found when three SEMS of different design were 
compared  [  37–  39  ] . Since the incidence of adeno-
carcinoma at the gastroesophageal junction is ris-
ing at a rapid rate, SEMS are frequently placed 
across the gastroesophageal junction resulting in 
gastroesophageal re fl ux with risk of aspiration. 
There are SEMS that are now available that have 
anti-re fl ux valves. However, studies published on 
the ef fi cacy and/or the need to have an anti-re fl ux 
valve have reported mixed results. Some have 
shown signi fi cant bene fi ts in using an anti-re fl ux 
stent  [  40–  45  ]  while others have shown no differ-
ences in the incidence of gastroesophageal re fl ux 
between a standard and an anti-re fl ux stent  [  46, 
  47  ] . Dysphagia secondary to strictures from head 
and neck cancers and cancers in the cervical 
esophagus are dif fi cult to treat as SEMS will need 
to be placed very near or even across the upper 
esophageal junction  [  48–  51  ] . Beside globus sensa-
tion and a higher risk of aspiration and  fi stula for-
mation, these patients also stand the risk of 
tracheal compression with stent expansion and 
hence it is important to evaluate the airways (CT 
scan, and if needed even bronchoscopy) prior to 
placing a stent. If there is tracheal involvement, a 
bronchial stent can be placed prior to an esopha-
geal stent. 

 There is limited and mixed data on the risks of 
placing SEMS in those who have received or will 
be receiving chemotherapy and/or radiotherapy. 
In a review of 200 patients, there was no increased 
risk of complications in those who received prior 
chemotherapy and or radiotherapy except for 
chest pain  [  52  ] . Another review of 116 patients 
showed prior chemoradiation was associated with 

signi fi cantly higher risks of running into major 
stent-related complications with an odds ratio of 
5.59 (95% CI: 1.7–18.1)  [  53  ] . A study in the 
recent past has also shown a tendency for higher 
complication rates in those receiving radiother-
apy after having a SEMS placed  [  54  ] . 

 When used as a palliative approach in patients 
with limited life expectancy, it is dif fi cult to 
determine the long-term ef fi cacy of expandable 
stents especially if one plans to use these stents in 
benign esophageal disorders. Despite immediate 
relief of symptoms, a recent study did suggest 
that after several weeks in place, patients with 
SEMS for malignant indications may experience 
signi fi cant and life-threatening complications 
(37%). Hence a suggestion has been made that 
palliation of malignant dysphagia may be better 
accomplished by a combination of SEMS (imme-
diate symptom relief) and brachytherapy with 
SEMS removal after 4–6 weeks to avoid compli-
cations  [  54,   55  ] .  

   Bridge to Surgery 

 Up to 40–50% of patients with esophageal cancer 
present with locally advanced, nonmetastatic 
esophageal cancer requiring neoadjuvant therapy 
prior to surgery. The majority of these patients 
also present with dysphagia requiring symptom 
relief. Since relief of dysphagia can take several 
weeks with neoadjuvant therapy, temporarily 
placing a stent prior to beginning neoadjuvant 
treatment is an attractive and quicker option to 
alleviate dysphagia. The role of SEMS and SEPS 
in these patients is not well established. SEMS 
can be associated with high complication rates 
 [  55  ]  and there is apprehension in using stents in 
those who will be receiving chemoradiation 
 [  53,   56  ] . Nasogastric or G tube feeding are alter-
natives but neither of these approaches relieves 
dysphagia. Moreover, G tubes may interfere with 
subsequent gastric pull-up surgery. 

 A prospective study was performed on 13 
patients with locally advanced disease and dys-
phagia  [  57  ] . At the time of local staging using 
endoscopic ultrasound a SEPS (expandable plastic 
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stent that can be removed; Poly fl ex stent) was 
placed in those found to have locally advanced 
disease. Dysphagia score signi fi cantly improved 
in all (3 at baseline compared to 1.1, 0.8, 0.9, and 
1.0 at 1, 2, 3, and 4 weeks after stenting, respec-
tively). There were no immediate major complica-
tions. One patient complained of severe chest pain. 
The stent migrated in 6 of 13 patients (46%) and 3 
of 13 patients eventually underwent esophagec-
tomy after receiving neoadjuvant therapy. 

 Expandable stents with immediate relief of 
dysphagia followed by neoadjuvant therapy and 
subsequent surgery does appear as an attractive 
option as compared to nasogastric or G tube 
placement. However, anorexia from chemoradia-
tion may result in the patient not eating despite 
the presence of a stent. If stent-related complica-
tions occur, it may delay or interfere with chemo-
radiation or surgery. Perforation could spill 
malignant cells into the mediastinum or the peri-
toneal cavity. Moreover, not much is known about 
stent performance or complications in those 
receiving chemoradiation after stent placement. 
In one study  [  58  ]  of three patients who received 
SEMS before radiotherapy, one died of a perfora-
tion 2 months after radiotherapy. In another study 
on patients receiving radiotherapy 1 week after 
stenting, elective removal of the stent at 4 weeks 
was associated with less complications compared 
to those in whom the stents were not removed 
 [  59  ] . In fl uence of stents on subsequent dif fi culties 
in surgery or surgery-related complications like 
anastomotic leaks is also not well known. No 
data are available regarding which type of stent 
will be ideal in this situation: SEPS (higher com-
plication rate), fully covered SEMS, or biode-
gradable stent. Currently one cannot routinely 
recommend placing esophageal stents during 
neoadjuvant therapy as a bridge to surgery.   

   Refractory Benign Esophageal 
Strictures 

 Benign esophageal strictures can be classi fi ed as 
 Simple  :  short (<2 cm), straight, and wide enough 
to allow a standard 9.5 mm diameter endoscope 
to pass, or  Complex  :  long (>2 m), tortuous, mul-

tiple sites, and tight enough not allowing a stan-
dard endoscope to pass through. Complex 
strictures can develop after radiation, corrosive 
injuries, surgery, and esophageal ablative treat-
ments like photodynamic therapy and mucosal 
resections. Benign esophageal strictures are tra-
ditionally managed by (a) con fi rming that the 
strictures is indeed benign: multiple biopsies and 
if needed, scans, (b) addressing the primary 
cause, for example anti-re fl ux measures for pep-
tic strictures, steroids for eosinophilic esophagi-
tis, avoiding offending pills in pill injuries, and 
(c) by endoscopic dilatations using a bougie or a 
balloon. Up to 40% of benign strictures may 
reoccur  [  60  ]  requiring periodic dilatations and 
the recurrence rate is even higher for complex 
strictures that are not only dif fi cult to dilate but 
also carry a higher procedural complication rate 
 [  6,   61  ] . These strictures are hence considered as 
 Refractory Benign Esophageal Strictures (RBES)  
de fi ned as an anatomic  fi brotic esophageal restric-
tion, absence of in fl ammation, or motility disor-
der, with inability to achieve a diameter of 
 ³ 14 mm in  fi ve sessions of dilatations at 2-week 
intervals or inability to maintain a diameter of 
 ³ 14 mm for 4 weeks once  ³ 14 mm diameter is 
achieved  [  8  ] . 

 Surgery to treat RBES can be associated with 
high morbidity rates and also carry mortality 
risks especially in those with comorbidities. 
Some of the endoscopic approaches used to treat 
RBES include intra-lesional steroid injections, 
electrocautery incision, argon-plasma coagula-
tion, expandable stents, or combination of these 
modalities. 

   Expandable Stents for RBES 

 If a few seconds of stretching with a bougie or a 
balloon can give dysphagia relief for a few weeks, 
then conceptually, stretching the stricture contin-
uously for several weeks may give longer lasting 
bene fi t by allowing tissue to remold around 
the dilator. Expandable esophageal stents not 
only maintain luminal patency but also act as 
dilators. One of the major issues on using stents 
as dilators is the need to remove the stent after a 
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predetermined time. Uncovered or partially 
covered stents tend to get embedded with tissue 
in-growth into the uncovered segments of the 
stent and subsequent removal is not only dif fi cult 
but also carries a higher procedural risk  [  13–  19  ] . 
Hence uncovered or partially covered SEMS are 
not recommended for RBES as they can be asso-
ciated with signi fi cant recurrence of dysphagia 
and unacceptable complication rates that can 
reach to over 80%  [  13–  19  ] . Some of these com-
plications include ulceration, bleeding,  fi stula, 
and recurrent dysphagia due to migration, granu-
lation tissue, and new stricture formation. SEMS 
can also erode into the mediastinum including 
into the aorta with fatal consequences. In 29 
patients where partially covered SEMS were 
placed for RBES, Sandha et al. reported an over-
all complication rate of up to 80% which included 
new stricture formation (40%), migration (31%), 
and trachea-esophageal  fi stula (6%)  [  16  ] . Others 
have also reported similar poor outcomes with 
partially covered SEMS  [  13–  15,   17–  19  ] . Hence 
these stents are not FDA cleared for use in benign 
strictures. With the availability of fully covered, 
potentially removable stents and biodegradable 
stents, interest in using expandable stents to treat 
RBES has been revived and has been the subject 
of several publications in the recent past. 
Unfortunately most of these have been small ret-
rospective case series.  

   Fully Covered Self-Expanding 
Esophageal Metal Stent for Benign 
Strictures 

 One approach to prevent stent embedment with 
in-growth of granulation tissue is to fully cover 
the SEMS. Some of the fully covered SEMS avail-
able in the US are Alimaxx-ES and EndoMAXX 
(Merit Medicals), Wall fl ex (Boston Scienti fi c), 
Evolution (Cook Medicals), and Nitis S (Taewoong 
Medical). A suture at the upper end of the stent 
can be grabbed with a forceps and the stent can be 
pulled out using a standard endoscope. At the time 
of writing this chapter, these stents are not as yet 
FDA cleared for use as removable stents, although 
anecdotal and personal experience has shown that 

these stents can be removed. The only stent cleared 
as a removable stent and hence can be used for 
benign indications is the SEPS that is not as user 
friendly as SEMS since the stent does not come 
preloaded and the delivery system is much larger 
in diameter (12 mm, 13 mm, 14 mm for a 16 mm, 
18 mm, 21 mm expanded diameter). 

 Baron et al. showed that a fully covered self-
expanding esophageal metal stent (FC-SEMS) 
caused minimal tissue response and hence could 
be removed easily  [  62  ] . However, there was a 
higher migration rate with the FC-SEMS. Song 
et al. were able to remove a new fully coated 
nitinol SEMS  [  63  ]  after 2 months in all  fi ve 
patients with resolution of stricture. The same 
group studied this stent in an additional 25 
patients with RBES  [  64  ] . Except for two patients 
where the stents migrated, the stent was success-
fully removed in all other patients at 1–8 weeks 
after insertion. One patient developed a  fi stula 
that closed spontaneously and at a mean time 
duration of 13 months follow-up (range 
2–25 months), 12 patients remained symptom 
free. In the remaining 13 patients, the stricture 
recurred requiring dilatations. In a small series, 
Lakhtakia et al. were successful in removing 
Alimaxx-ES stent after 6–12 weeks in place  [  65  ] . 
In another series, of seven patients with RBES 
treated with Alimaxx-ES stent, stent removal was 
successful in all and the success rate in treating 
RBES was 29%  [  66  ] . In a recent retrospective 
review, Bakken et al. described  [  67  ]  25 patients 
with strictures who underwent a total of 30 
 procedures. The stent were removed after an 
average of 67 days (range 0–279 days). Initial 
success rate in treating strictures was 56%. Stent 
migration was a major issue dependent on the eti-
ology (radiation 25%, nonradiation 50%, surgical 
anastomotic 60%) and the site of the stricture 
(proximal 46%, middle 21%, and distal 38%). 
Life-threatening major complications included 
stridor in two patients requiring stent removal, 
respiratory distress in one (stent removed), and 
bradycardia/asystole in one (ICU admission). 
Similarly, a recent smaller retrospective series 
using Alimaxx-ES stent showed good success 
rates although stent migration rate of 39% was a 
major concern  [  68  ] . 
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 Based on a small case series and retrospective 
reviews as described earlier, initial experience using 
these stents for RBES has been encouraging but 
they are not as yet FDA cleared for this indication.  

   Self-Expanding Esophageal Plastic 
Stents for Benign Esophageal Strictures 

 As of writing this chapter, the only stent cleared 
by FDA for use in RBES is the SEPS; Poly fl ex TM  
stent (Boston Scienti fi c). This is a self-expanding 
plastic stent that is made of polyester mesh and is 
fully covered internally with a smooth silicone 
membrane. The full coating prevents in-growth 
facilitating easy removal. SEPS are also available 
in various diameters and lengths. Unlike SEMS, 
SEPS do not come preloaded and the diameter of 
the delivery system is much larger (12–13–14 mm 
for the 16–18–21 mm fully expanded diameter 
stents, respectively), hence requiring pre-inser-
tion dilatation in almost all patients. 

 In 2004, Repici et al. published their results on 
using SEPS for treating 15 patients with RBES 
 [  69  ] . SEPS were successfully placed in all 
patients and removed after 6 weeks. At mean 
22.7 months follow-up, 12 patients (80%) 
remained symptom free. There was one stent 
migration. Similarly, using SEPS, Evrard et al. 
were successful in treating 17 of 21 patients with 
RBES (mean follow-up 21 months, range 8–3) 
 [  70  ] . There was one major complication of tra-
cheal compression requiring stent removal. 

 Unfortunately, these excellent results could 
not be reproduced from other tertiary centers  [  30, 
  71–  74  ] . Many observed poor cure rates with 
signi fi cant complication rates which included 
migration, hemorrhage, chest pain, ulceration, 
and esophageal perforation. For example, Holm 
et al. from Mayo reported a very low success rate 
of 6%  [  71  ]  and complications included chest 
pain, nausea/emesis, and dysphagia. Stent migra-
tion was seen in up to 82% of cases. 

 The exact reason for these variable results is 
not clear. Different de fi nitions of RBES resulting 
in different case mixes, variable periods for which 
the stents were kept in place and the retrospective 
nature of the design could explain some of these 

discrepancies. To address some of these issues, a 
prospective (nonrandomized) study was con-
ducted where 40 patients who ful fi lled the 
de fi nition  [  8  ]  of RBES were enrolled  [  75  ] . SEPS 
was deployed across the stricture and then 
removed after 4–6 weeks. Success rate in stent 
placement and removal was 93 and 94%, respec-
tively. At a median time of 53 weeks (range 
11–153) follow-up, 30% (intention to treat) of 
the patients were dysphagia free and 30% of the 
patients with recurrence of dysphagia after stent 
removal opted for reinsertion of a new SEPS for 
a longer duration rather than going back to their 
baseline alternatives of repeated frequent dila-
tions, G-tube feeding, or surgery. Complications 
in the form of migration (22%), severe chest pain 
(11%), bleeding (8%), and perforation (5.5%) 
were observed. One patient who refused stent 
removal died of severe bleeding probably related 
to an aorto-esophageal  fi stula. A recent study 
compared Poly fl ex stent to repeated dilations. 
They found the Poly fl ex stent group required 
lower number of dilations once the stent was 
removed  [  76  ] . In a pooled-data analysis of ten 
studies involving 130 patients, Repici et al.  [  77  ]  
found that technical success in placing the 
stent was 98% and clinical success in treating 
RBES was achieved in 68 patients (52%, 95% 
CI = 44–61%) with a lower success rate in those 
with a cervical strictures (33 vs. 54%;  P  < 0.05). 
Twenty- fi ve patients (21%) required post-insertion 
endoscopic re-interventions. Early (<4 weeks) 
migration of the stent was noted in 19 (24%, 95% 
CI = 14–32%) patients and major complications 
occurred in 12 patients (9%, 95% CI = 4–14%), 
resulting in one death (0.8%). 

 Although cleared by the FDA for use in RBES, 
SEPS can be associated with signi fi cant compli-
cation rates and hence should be considered in 
select patients and that too preferably in a proto-
col setting.  

   Biodegradable Esophageal Stents 

 Biodegradable or bioabsorbable stents are made 
of material that the body can metabolize (poly-
lactide/polydioxanon) and hence these stents do 
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not need manual removal. Like SEMS and SEPS, 
these stents also come in various lengths and 
diameters. Stents are packaged separately and 
require manual loading immediately prior to 
insertion. As per company speci fi cations 
(Ella-CS, Kralove, Czech Republic), the stent 
maintains their integrity and radial force for 
6–8 weeks after placement and disintegration 
occurs by 11–12 weeks. Low pH (GE re fl ux) 
accelerates disintegration. These stents are not as 
yet available in the US. 

 Saito et al. studied biodegradable stents in 13 
patients with RBES (corrosive injury 2, post-sur-
gery 4, post-endoscopic mucosal dissection 7) 
 [  78  ] . Migration occurred in 10 of 13 patients at 
10–21 days post-placement but this did not appear 
to affect the ef fi cacy since all patients were symp-
tom free at 7–24 months follow-up. A polydiox-
anone biodegradable stent (SX Ella Stent BD, 
Ella-CS, Kralove, Czech Republic) was placed in 
four patients with RBES  [  79  ] . Stent disintegra-
tion was noted at 10–12 weeks after placement. 
During a short follow-up period of 4–17 weeks, 
all patients were dysphagia free. A recent pro-
spective study from two European centers 
enrolled 21 patients with RBES  [  80  ] . A SX Ella 
Stent BD stent was placed in all patients. Except 
for two early migrations, at 3 months the stent 
was fragmented and at a median of 53 week fol-
low-up (range 25–88), 45% patients were dys-
phagia free. Severe pain (two patients) and minor 
bleeding (one patient) were some of the compli-
cations. Others have reported new esophageal 
 fi stula and tissue hyperplasia with biodegradable 
stents  [  81,   82  ] .   

   Esophageal Stents for Treating 
Achalasia 

 In a recent study, Li et al. randomized 120 patients 
with achalasia to either balloon dilatations (up to 
32 mm diameter, 30 patients) or to a locally made 
fully covered SEMS of varying diameters (20, 
25, and 30 mm), with 30 patients in each diame-
ter group  [  83  ] . The SEMS were left in place for 
3–7 days. At mean follow-up time of 7 years 
(range 3–12.7 years), signi fi cant clinical 

 remission was noted in those with the 30 mm 
SEMS (83.3%) compared to the other groups 
(balloon dilatation 0%, 20 mm SEMS 0%, and 
25 mm SEMS 28.6%). Objective evaluation also 
showed that the 30 mm SEMS resulted in a 
greater reduction of the lower esophageal sphinc-
ter pressures. SEMS migrated in up to 27% of 
patients with least migration seen in those with 
the 30 mm SEMS (7%). Several patients com-
plained of chest pain (60–77%) in the SEMS and 
in the balloon dilatation group ( p  = ns). Around a 
quarter of patients in the SEMS group had re fl ux 
symptoms and 17% had bleeding. 

 The mechanism by which 3–7 days of stenting 
(with signi fi cant migration rates) can give dura-
ble clinical remission is not clear. A recent study 
of dogs has shown that pneumatic dilatation is 
associated with signi fi cantly more collagen depo-
sition compared to stents  [  84  ] . This approach to 
treat achalasia will need validation from other 
centers.  

   Summary 

 Expandable esophageal stents are currently the 
most widely accepted modality for palliating 
malignant dysphagia, with or without associated 
 fi stulae or leaks. Compared to other options, they 
are easy to place using nonsurgical minimally 
invasive approaches (endoscopy,  fl uoroscopy, or 
both) and the relief in symptoms is almost imme-
diate. However, they can be associated with 
signi fi cant complications rates requiring re-inter-
ventions especially in those who have a relatively 
longer expected survival. Hence they are ideal for 
those with short life expectancy. Other palliative 
options (chemoradiation, brachytherapy) should 
be considered in those with longer life expec-
tancy. If they do not respond to these measures, 
then esophageal stenting can be considered. 

 Uncovered segments at the upper and lower 
ends of SEMS allow tissue in-growth and help in 
preventing migration. This feature makes uncov-
ered or partially covered SEMS nonremovable 
and hence unacceptable for benign esophageal 
strictures. There is revived interest in using fully 
covered expandable esophageal stents for benign 
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esophageal strictures not responding to conven-
tional treatments as they can be removed. Based 
on predominantly nonrandomized, retrospective 
small case series, early indications are encourag-
ing. However, this approach is not without risks 
and hence should be considered only in carefully 
selected patients and in centers where local exper-
tise to manage complications is available.      
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Introduction and Mechanism 
of Action 

 Botulinum toxin (BoNT) is a neurotoxin that causes 
muscle paralysis or relaxation. It is a protein pro-
duced by the bacterium Clostridium botulinum. 
There are seven different subtypes of BoNT (types 
A–G). All (except C2) block acetylcholine from 
nerve endings. This multifunctional protein has a 
complex yet extremely elegant mechanism of 
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   Abstract 

 Botulinum toxin is one of the most potent neurotoxins available, blocking 
vesicular mediated neurotransmitter release from nerve endings and caus-
ing a paralysis or reduction in tone of the targeted muscle. Endoscopic 
injection of botulinum toxin has now been used for achalasia for nearly two 
decades, with grade I evidence for its effi cacy. The experience with other 
spastic disorders of the esophagus is considerably more limited. Its main 
advantage is its simplicity and relative safety. On the other hand, its draw-
backs include the limited duration of its effects and hence the requirement 
for repeat injections. Further, it is not very effective in younger patients. 
While not considered fi rst-line therapy in most patients, it has nevertheless 
emerged as an alternative therapy for this condition in patients who are 
considered at high risk for more invasive methods of treatment such as 
pneumatic dilation or surgery. It is also of some value as a therapeutic trial 
in patients with equivocal clinical or manometric measures to assess the 
contribution of lower esophageal tone to symptoms.   
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action, as recently reviewed  [  1  ] . The heavy chain 
binds to co-receptors speci fi cally expressed by tar-
get cells: in the case of BoNT/A these are SV2 and 
a ganglioside (GD1b or GT1b); for BoNT/B the 
receptor is synaptotagmin, in addition to the gan-
glioside. Thereafter, the toxin becomes internalized 
by endocytosis into an endosome. The heavy chain 
then forms a channel across the endosomal mem-
brane, through which the light chain is translocated 
to the cytoplasm. The light chain, which is a zinc-
dependent endoprotease, then degrades critical 
proteins involved in neurotransmitter release. For 
BoNT/A, this protein is synaptosomal-associated 
protein 25 (SNAP-25), which is required to bind 
and fuse the synaptic vesicle (containing the neu-
rotransmitter) to the presynaptic membrane; thereby, 
preventing acetylcholine release into the neuromus-
cular junction  [  2  ] . For the BoNT/B light chain, the 
target is synaptobrevin.  

   Commercial Preparations and 
Approved Uses 

 BoNT therapy is currently approved for many 
neurological diseases with several commercial 
preparations (BoNT/A: Botox ® , Dysport ® , and 
Xeomin ® ; BoNT/B: Myoblock ® /Neuroblock ® ). 
There is little if any literature on the use of 
BoNT/B for spastic esophageal disorders and the 
rest of this discussion will be con fi ned to BoNT/A. 
In 1993, Pasricha et al.  [  3  ]  described the  fi rst 
therapeutic use of BoNT/A for a smooth muscle 
disorder as a treatment of achalasia and since 
then it has been used in hundreds of patients with 
“spastic” smooth muscle syndromes of the gut. 
However, it should be noted that although there 
are several gastrointestinal disorders for which 
BoNT is currently being used, none of these are 
approved indications by the FDA.  

   BoNT for Achalasia 

 The rationale for using BoNT/A in achalasia is 
based on our current understanding of the 
pathophysiology of achalasia, which is charac-
terized by aperistalsis and impaired lower 

esophageal sphincter (LES) relaxation. The net 
LES tone/pressure results from a balance between 
excitatory cholinergic and inhibitory neurotrans-
mitters for example VIP or nitric oxide. In acha-
lasia, this balance is upset due to a selective loss 
of the inhibitory nerves. This results in an LES 
that may be hypertonic, but more importantly, 
also fails to relax  [  4  ] . Locally injected BoNT 
blocks the release of acetylcholine, thus lowering 
LES resting tone, as con fi rmed by initial animal 
and human studies  [  5,   6  ] .  

   Method of Endoscopic Injection 

 The most commonly available commercial prep-
aration of BoNT/A is supplied in vials containing 
100 units of the lyophilized powder. For achala-
sia, this is diluted in 4 or 5 mL of normal saline to 
yield a solution containing 20–25 units/mL. 
Flexible upper endoscopy is performed using 
routine sedation or awake utilizing an ultrathin 
transnasal endoscope, and the LES is estimated 
endoscopically by identi fi cation of the sphincter 
rosette, typically seen right at the squamocolum-
nar junction ( z -line). The solution containing the 
toxin is injected through a 5 mm sclerotherapy 
needle into the LES, approximately 1 cm above 
the  z -line and slanting the needle approximately 
45°. Aliquots of 1.0 mL (20–25 units BoNT/A/
mL) are injected into each of four quadrants, for 
a total of 80–100 units. The procedure requires 
no  fl uoroscopy and typically takes no more than 
15 min to complete (including the time for endo-
scopic examination) and patients are recovered 
and discharged as per any routine upper endos-
copy or clinic procedure. Patients are allowed to 
eat as tolerated, later the same day with most 
responders noting improved swallowing by the 
next morning. 

 Other techniques have also been described 
including a “2 × 4” technique (the total dose is 
divided into eight injections: four quadrant injec-
tions are done at two different levels within the 
LES region)  [  7  ] , injection from below the gas-
troesophageal junction using a retro fl exed view 
 [  8  ] , and endoscopic ultrasound (EUS)  [  9  ]  or 
manometry  [  10  ]  guided injection. However, there 
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is no evidence that the actual technique deter-
mines ef fi cacy and more sophisticated approaches 
may not be necessary as the toxin is capable of 
diffusion for a limited distance in tissue. In a 
small study, toxin location after injection was 
determined by EUS in  fi ve patients with Chagasic 
achalasia: approximately 85 % of the injections 
were found to be located inside the muscle layers 
and only about 15 % of injection points were 
found in the submucosa. However, even patients 
in the latter group reported improvement of their 
symptoms over a 6-month period  [  11  ] .  

   Dose Considerations 

 The most common dose, as discussed earlier, is 
around 100 units. Smaller (50 IU) and larger 
(200 IU) generally show similar results, at least 
in the short term. However, one study showed 
that 100 IU given twice in a 30-day period pro-
duced the best long-term results with about 68 % 
patients remaining in remission for more than 
24 months  [  7  ] .  

   Ef fi cacy and Duration of Response 

 Overall, 70–90 % of patients will show a clini-
cally robust improvement after the  fi rst injection 
of BoNT/A  [  12–  17  ] . However, by 6 months, only 
about two-thirds of patients remain in remission. 
The other one-third (nonresponders) appears to 
be resistant to further injections. Even in respond-
ers, the bene fi t will wane with time, but still lasts 
longer than it does in patients with skeletal mus-
cle disorders. The median duration of remission 
after the  fi rst set of treatment varies greatly rang-
ing from <1 to >15 months following a single 
injection  [  6,   7,   17,   18  ] . Annese et al. demon-
strated that a second injection of BoNT/A 30 days 
later resulted in a lower relapse rate with 68 % of 
patients still in remission at 24 months  [  7  ] . We 
advise patients that if they do respond, they can 
usually expect to sustain this for about 
6–9 months. 

 Clinical response is also accompanied by 
signi fi cant improvement in all objective tests of 

esophageal function, in a range that is similar to 
that reported for pneumatic dilation: LES pres-
sure goes down by about 40 %, LES opening 
diameter increases by more than twofold, esopha-
geal diameter decreases by 20 %, and 5-min reten-
tion on scintigraphy improving by 33 %  [  18  ] .  

   Predictors of Response 

 A sustained response (beyond 3 months) was 
signi fi cantly more likely in patients older than age 
50 (82 % vs. 43 %) and in patients with vigorous 
compared with classic achalasia    (100 % vs. 52 %) 
 [  18  ] . Conversely, severe esophageal dilation is a 
negative predictor, with an odds ratio of 0.2  [  19  ] . 
Other factors such as gender, duration of symp-
toms, symptom severity, and history of previous 
dilation do not predict response to BoNT therapy 
 [  10,   12,   18  ] . However, high-resolution esophageal 
manometry (HRM) appears to identify subtypes 
of achalasia that impact response to therapy. 
According to Pandol fi no, HRM can be used to 
classify achalasia into three patterns: type I-classic 
achalasia without pressurization of the esophagus, 
type II-aperistalsis with esophageal compression 
and pressurization of the esophagus, type III-
vigorous achalasia with spastic contractions of the 
distal esophagus  [  20  ] . Patients with type II acha-
lasia are more likely to respond to any therapy 
with the response rate for BoNT being approxi-
mately 70 % (the comparable  fi gures for pneu-
matic dilation and surgical myotomy being 91 % 
and 100 %)  [  19  ] . Patients with type III achalasia 
were the least likely to respond to any therapy 
(29 %); however, the greatest response was seen 
with the use of BoNT injection. These initial 
 fi ndings need to be validated by other centers but 
potentially represent an important advance.  

   Recurrent Therapy with BoNT 

 In our experience, the response to repeated BoNT 
injections may not be as robust as the initial one. 
Although, Annese et al. demonstrated in their 
series that 43 of 57 (75 %) of patients could be 
kept in remission for 4 years with repeat injections 
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approximately every 10 months  [  21  ] . One con-
cern is the formation of neutralizing antibodies. 
However, among a group of patients who were 
secondary treatment failures for various indica-
tions, neutralizing antibodies were found in less 
than 45 %  [  22  ] .  

   Comparisons with Other Therapies 

 Although the initial clinical and manometric 
responses to BoNT/A injection are comparable to 
pneumatic dilation, the response rate 1 year after 
a single injection is markedly inferior for 
BoNT/A, which is to be expected given its phar-
macological properties  [  16,   23–  25  ] . A meta-anal-
ysis comparing various therapies for achalasia 
 [  26  ]  revealed that intrasphincteric BoNT/A injec-
tion was inferior to pneumatic dilation and surgi-
cal myotomy in terms of initial response as well 
as duration of response. From a cost-effectiveness 
perspective, surgical myotomy has been esti-
mated to be the most costly strategy (costing 
approximately $10,800 compared to $3,245 and 
$3,911 for pneumatic dilation and BoNT/A, 
respectively), despite higher short- and long-term 
ef fi cacy  [  27  ] . Pneumatic dilation is less costly 
than BoNT/A so long as the rates of pneumatic 
dilation ef fi cacy and perforation were >70 % and 
<10 %, respectively, and the cost of BoNT/A 
(including endoscopy) was >$450. A Canadian 
cost minimization analysis comparing BoNT/A 
to pneumatic dilation suggested that BoNT/A 
injections were less costly only if the life expec-
tancy was less than 2 years  [  28  ] .  

   Complications and Side Effects 

 An important advantage of BoNT therapy is its 
relative simplicity and safety. The risk of causing 
generalized neuromuscular blockade or paralysis 
at the dose used is negligible. The pooled compli-
cation rate of BoNT/A injection compared to 
pneumatic dilation is 4.5 % compared to 18.8 %. 
The most common side effects are chest pain and 
dysphagia  [  26  ] . The injection itself may cause 
transient and minor chest pain in up to 25 %; 

heartburn, presumably due to re fl ux, may occur 
in up to 5 % patients  [  18,   26  ] . Chest pain appears 
related to the injection rather than to the toxin 
itself  [  12  ] . Paraesophageal tissue in fl ammation is 
rare  [  29  ] . There has been single case reports of a 
fatal heart block  [  30  ] , nonfatal mediastinitis  [  31  ] , 
esophageal mucosal ulceration and sinus tract 
formation  [  32,   33  ] , and pneumothorax  [  33  ] .  

   Impact of Endoscopic Treatment 
of Subsequent Myotomy 

 In fl ammation and  fi brosis of the muscle has been 
described in animals following both BoNT injec-
tion and pneumatic dilation  [  34  ] . This has raised 
the issue whether myotomy is more dif fi cult and 
less likely to succeed following either of these 
endoscopic therapies  [  35–  37  ] . However, this may 
have resulted from a selection bias where patients 
who failed prior endoscopic therapy were more 
likely to be refractory to any therapy.    Other stud-
ies suggest that myotomy remains effective and 
safe after prior endoscopic therapy  [  38–  40  ] , 
although Horgan et al. did  fi nd that prior BoNT 
injection made surgery more technically dif fi cult 
due to challenges in identifying the submucosal 
plane  [  38  ] .  

   Summary and Recommendations 
for Current Use 

 There is level I evidence that a single injection of 
BoNT can result in short-term improvement of 
symptoms in patients with achalasia. There is 
also level I evidence that the duration of response 
is lower than pneumatic dilation. There is not 
enough evidence to draw conclusions about the 
ef fi cacy or safety of repeated injections. Given 
this data, most experts do not recommend BoNT 
treatment as  fi rst-line therapy. BoNT should be 
reserved for the treatment of achalasia in patients 
who are not surgical candidates  [  41  ] . It can be 
used as an alternative in patients who fail to 
respond to medical therapy or  fi rst line in those 
who are intolerant of medical therapy. 
Intrasphincteric injection of BoNT into the LES 
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can also be used as a diagnostic guide in patients 
with insuf fi cient manometric criteria to make the 
diagnosis, or complicated cases such as those 
with signi fi cant anatomical distortion (i.e., large 
epiphrenic diverticula), in which it is unclear that 
more invasive procedures such as pneumatic dila-
tion or surgical myotomy will be bene fi cial  [  42  ] .  

   Other Spastic Conditions of the 
Esophagus 

 These include diffuse esophageal spasm, nut-
cracker esophagus, nonre fl ux related ineffective 
esophageal motility, Hypertensive LES, and iso-
lated gastroesophageal junction dysfunction. The 
use of HRM has yielded a new diagnosis of spas-
tic nutcracker which is de fi ned as hypertensive 
(frequently repetitive) peristaltic contractions 
with a distal contractile integral (DCI) of 
>8,000 mmHg-cm-s  [  20  ] . This new classi fi cation 
of nutcracker esophagus may identify a subgroup 
of patients with nutcracker esophagus that may 
impact therapy. The pathogenesis of spastic 
esophageal motility disorders is not well under-
stood. Diffuse esophageal spasm and nutcracker 
esophagus can be idiopathic (primary) or re fl ux 
associated (secondary). Herbella et al. found that 
60 % of patients with DES and 69 % of patients 
with nutcracker esophagus had evidence of patho-
logic re fl ux on 24 h ambulatory pH monitoring 
 [  43  ] . Manometric patterns cannot help differenti-
ate primary from secondary esophageal dysmo-
tilities  [  44  ] . Patients with re fl ux-associated DES 
are more likely to have symptoms of heartburn 
than patients with idiopathic DES  [  45  ] . 

 DES can overlap clinically with achalasia. In a 
group of patients with documented, symptomatic 
diffuse esophageal spasm, 65 % had evidence of 
LES dysfunction manifested by a bird’s beak 
appearance on barium esophagram  [  46  ] . As is the 
case with achalasia, primary spastic disorders of 
the esophagus appear to be associated with a 
problem with the inhibitory regulation of esopha-
geal motility, resulting in various forms of disor-
dered contraction  [  47  ] . Furthermore, a subset 
(<5 %) of patients with diffuse esophageal spasm 
or nonspeci fi c esophageal motor disorders have 

been described to progress to achalasia  [  48–  50  ] . 
A recent study utilizing simultaneous manometry 
and esophageal ultrasound found that patients 
with achalasia, diffuse esophageal spasm, or nut-
cracker esophagus had an increase in muscle 
thickness and cross sectional area  [  51  ] . It is 
unclear if this increased muscle thickness is idio-
pathic or secondary hypertrophy due to prolonged 
LES dysfunction and functional outlet obstruc-
tion. Little else is known about the pathophysiol-
ogy, pathogenesis, or natural history of these 
disorders. 

 Clinically, there is poor correlation between 
manometric  fi ndings and patient symptoms 
 [  52–  54  ] . Symptoms in these patients may result 
from an associated disorder of sensory percep-
tion  [  55  ] , with the manometric abnormalities 
being markers for this syndrome rather than playing 
a central role in the pathogenesis. Symptoms of 
spastic esophageal motility disorders include 
heartburn, dysphagia, and/or chest pain.  

   Treatment of Spastic Esophageal 
Motility Disorders 

 A more detailed discussion of treatments for 
spastic esophageal motility disorders is described 
separately. In general, medical therapy includes 
diagnosing and treating re fl ux, calcium channel 
blockers  [  56  ] , nitrates  [  57  ] , and antidepressants 
(for their neuromodulatory effects). Studies eval-
uating the effects of medical therapy on symp-
toms and manometry are limited in number 
and high rates of side effects  [  56,   58,   59  ] . 
Antidepressants such as trazodone or imipramine 
improved symptoms of chest pain without impact-
ing esophageal motility  [  60,   61  ] . 

 The rationale for using BoNT/A in the treat-
ment of other spastic esophageal disorders is 
similar to that for achalasia, with an added bene fi t 
of its possible effect on nociceptive signaling. 
BoNT/A injection presents an ideal therapeutic 
option due to the limited availability of medical 
therapy and safety pro fi le of intrasphincteric 
BoNT injection as previously discussed. Similarly 
to achalasia, a subset of patients with diffuse 
esophageal spasm may require pneumatic dila-



894 L. Nguyen and P.J. Pasricha

tion or surgical myotomy. Likewise, issues related 
to performing pneumatic dilation or myotomy 
following BoNT injection still apply.  

   Methods of Endoscopic Injection 

 Various methods have been described for inject-
ing BoNT/A for the treatment of non-achalasia 
esophageal motility disorders. The most common 
is injection of 80–100 units of BoNT/A into the 
LES. The  fi rst report by Miller et al.  [  62  ]  in 1996 
used a method similar to that described initially 
for achalasia by Pasricha et al.  [  3  ] . The BoNT/A 
was injected in 1 mL aliquots (20 IU/mL) into 
four quadrants of the LES just above the  z -line 
(total dose: 80 IU). Storr et al.  [  63  ]  described a 
technique where patients with diffuse esophageal 
spasm were treated by injecting 100 IU of 
BoNT/A linearly along the posterior wall of the 
esophagus to mimic a surgical myotomy. One 
hundred units of BoNT/A were diluted in 10 mL 
of saline. The entire volume was injected endo-
scopically in 1 mL aliquots starting at the LES 
and moving proximally every 1–1.5 cm. 
Endoscopically visible contraction rings were 
also injected with 1 mL of BoNT/A.  

   Ef fi cacy 

 Most of the reports in the literature deal predomi-
nantly with diffuse esophageal spasm. BoNT/A 
injection into the LES decreased symptom sever-
ity in patients in 55–100 % of patients with dif-
fuse esophageal spasm  [  62,   64,   65  ] . In these 
studies, the duration of symptom response was at 
least 6 months with some patients having a 
response persisting up to 24 months  [  62  ] . The 
largest study of BoNT/A in the treatment of non-
achalasia esophageal dysmotilities    included 29 
patients with noncardiac chest pain, diffuse 
esophageal spasm, nutcracker esophagus, non-
speci fi c esophageal motility disorder, hyperten-
sive LES, and ineffective esophageal motility 
 [  64  ] . This study demonstrated a signi fi cant 
decrease in symptoms of dysphagia, regurgita-
tion, and chest pain.  

   Summary and Recommendations 
for Current Use 

 The use of intrasphincteric BoNT/A injection for 
non-achalasia spastic esophageal dysmotilities 
has not been as well studied compared to achala-
sia. Three published uncontrolled studies involv-
ing 5–29 patients have demonstrated improvement 
in symptoms of chest pain and dysphagia  [  62–  65  ] . 
These studies did not assess the effects of BoNT/A 
on esophageal function in these patients. In 2009, 
Vanuytsel et al. published a randomized sham-
controlled study in abstract form. This was a dou-
ble blind cross over study involving 22 patients 
with spastic non-achalasia esophageal disorders. 
Patients who received BoNT/A had a signi fi cant 
reduction in symptoms of dysphagia but not chest 
pain, regurgitation, or heartburn  [  66  ] . 

 In the absence of a peer-reviewed randomized 
trial, there is only level III evidence for the ef fi cacy 
of BoNT in non-achalasic spastic disorders. Our 
recommendation is that because most cases of idio-
pathic DES are associated with LES dysfunction 
and behave similarly, the approach to therapy 
including the use of BoNT should also be similar. 
For other spastic conditions, the link between 
symptoms and manometric abnormalities is more 
tenuous. Generally, in carefully considered cases, a 
therapeutic trial of local BoNT injection may help 
clarify the association between symptoms and the 
manometric  fi ndings, especially given the paucity 
of alternative treatments. Clearly, more studies 
need to be done in this group of conditions.      
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   Abstract 

 Achalasia is the most common primary esophageal motility disorder that 
is characterized by the inability of the LES to relax and by absence of 
esophageal body peristalsis due to the in fl ammatory loss of ganglion cells 
in the myenteric plexus of the esophageal body and LES, causing dys-
phagia for solids and liquids, regurgitation of retained food, and chest 
pain. Pharmacological treatments such as smooth muscle relaxants and 
botulinum toxin injection are mainly reserved for patients who cannot tol-
erate more invasive interventions due to severe comorbidities or as a bridge 
to a more de fi nite treatment option. Pneumatic dilation and laparoscopic 
Heller myotomy with a partial fundoplication are the most commonly per-
formed to treat achalasia. Recent randomized controlled study to compare 
these two treatment options demonstrated the similar ef fi cacy in the thera-
peutic success during the short-term follow-up. However, further 
modi fi cations of the treatment protocol have the potential for improve-
ment in the outcomes of each option. Since the widespread acceptance of 
laparoscopic Heller myotomy, the ef fi cacy of pneumatic dilation has been 
probably underestimated, and gastroenterologists should be trained to suc-
cessfully perform pneumatic dilation. Note that all treatment options are 
palliative and none of the treatment options can restore the impaired mus-
cle function of the esophageal body and LES, and it is more important to 
stratify patients to the optimal initial treatment to accomplish long-term 
symptom control rather than to simply achieve initial success. For this 
purpose, the predictors of treatment outcomes should be considered. 

 Other spastic esophageal motility disorders such as diffuse esophageal 
spasm (DES), nutcracker esophagus, and hypertensive LES are diagnosed 
based on well-de fi ned manometric criteria. It is important to evaluate these 
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patients for the presence of GERD as symptoms of spasticity may subside 
when re fl ux is properly treated. Myotomy should be considered when 
GERD has been adequately treated, and symptoms persist despite appro-
priate reassurance and medical therapy. The outcomes of surgical treat-
ment in this setting are variable.  

  Keywords 

 Achalasia  •  High-resolution manometry  •  Laparoscopic Heller myotomy  
•  Myenteric plexus  •  Pneumatic dilation  •  Pseudoachalasia  •  Spastic esoph-
ageal motility disorders         

   Introd   uction 

 Achalasia, DES, nutcracker esophagus (NE), and 
the hypertensive lower esophageal sphincter 
(HTN-LES) fall within the realm of primary 
esophageal motility disorders because they occur 
without an identi fi able cause such as gastroe-
sophageal re fl ux disease (GERD)  [  1  ] . Secondary 
esophageal motility disorders are associated with 
a wide range of disease processes such as GERD 
and connective tissue disease, and therapy is 
aimed at the underlying cause  [  2  ] . In this chapter, 
we focus on the diagnosis and surgical treatment 
of primary esophageal motility disorders includ-
ing achalasia, DES, NE, and HTN-LES.  

   Achalasia 

   Diagnosis 

 Achalasia is the most common primary esopha-
geal motility disorder and should be suspected 
for any patients with dysphagia for both solids 
and liquids, and regurgitation of undigested food 
and saliva. The differential diagnosis is listed in 
Table  63.1 . It is crucial to exclude any anatomical 
lesions such as an esophageal malignancy, which 
can cause pseudoachalasia. The delay in the diag-
nosis of achalasia frequently occurs due to misin-
terpretation of typical  fi ndings by physicians 
rather than atypical clinical presentation of the 
disease  [  3  ] .  

   Barium Esophagram 
 When achalasia is suspected, a barium esopha-
gram with  fl uoroscopy is the best initial diagnostic 
test. A barium esophagram may show a symmetri-
cal tapering at the gastroesophageal junction (GEJ) 
known as a “bird-beak” appearance, with a dilated, 
aperistaltic, sometimes tortuous esophageal body 
in the upright position (Fig.  63.1 ). An air- fl uid 
level in the posterior mediastinum and absence of 
intragastric air bubble can sometimes be visual-
ized. It should be noted that esophageal dilation 
may not be present and the “bird-beak” appear-
ance can be  misinterpreted as a peptic stricture in 
the early stage disease. Recently, the timed barium 
swallow has been introduced as a simple physio-
logic assessment of esophageal emptying for acha-
lasia  [  4,   5  ] . Esophageal emptying is assessed in 
the upright position over 5 min. Most patients with 
achalasia have residual barium in the esophagus at 
the end of 5 min, whereas healthy subjects com-
pletely empty barium over 1–2 min. Furthermore, 
the height of the residual barium column corre-
lates with the severity of regurgitation and the 
slope of esophageal emptying from 1 to 5 min 
with the degree of dysphagia. This test can be seri-
ally repeated following the treatments to objec-
tively assess the ef fi cacy of treatments performed 
 [  6  ] .   

   Upper Endoscopy 
 Upper endoscopy may show a dilated esophagus 
with retained food and some increased resistance 
at the GEJ as a feeling of “pop,” although the 
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endoscopy usually can be passed through the 
GEJ. The main role of upper endoscopy is to 
exclude any anatomical lesions in the upper gas-
trointestinal tract, which can cause pseudoacha-
lasia. Pseudoachalasia is a clinical syndrome 
similar to achalasia, being observed in approxi-
mately 2–4 % of patients with a suspicious diag-
nosis of achalasia  [  7  ] . In general, patients with 
pseudoachalasia are older and have a shorter his-
tory of dysphagia and remarkable weight loss, 
although these characteristics are associated with 
poor speci fi city  [  8  ] . The most common cause of 
pseudoachalasia is a malignancy in fi ltrating the 
GEJ. If pseudoachalasia is still suspicious after 
the meticulous endoscopic examination, endo-
scopic ultrasound and/or CT scan should be con-

sidered. Pseudoachalasia can occur as a part of 
paraneoplastic syndromes, and the treatment of 
the primary tumor leads to improvement in symp-
tom of achalasia  [  9,   10  ] .  

   High-Resolution Manometry 
 Esophageal manometry has been the gold stan-
dard for the diagnosis of achalasia, and it is 
essential to establish the diagnosis of achalasia 
by performing manometry prior to the initiation 
of any treatments. Upper endoscopy is diagnostic 
in about 1/3 and a barium esophagram in about 
2/3 of patients, whereas manometry can establish 
the accurate diagnosis in over 90 % of patients 
 [  11  ] . Manometric characteristics of achalasia 
include incomplete relaxation of the LES at 
deglutition and an aperistaltic esophageal body, 
sometimes with elevated intraesophageal pres-
sure due to retained food and saliva. Absent or 
incomplete LES relaxation with wet swallows 

   Table 63.1    Differential diagnosis    of achalasia   

 Malignancies (Pseudoachalasia) 
 Involving the gastroesophageal junction 
  Adenocarcinoma (breast, gastric, prostate, and lung) 
  Esophageal squamous cell carcinoma 
  Lymphoma (gastric, esophageal) 
  Esophageal lymphangioma 
 Remote from the gastroesophageal junction 

  Brainstem metastasis 
  Hodgkin’s disease 
  Hepatocellular carcinoma 
  Gastric adenocarcinoma 
  Poorly differentiated lung cancer 
  Reticular cell sarcoma 
  Peritoneal mesothelioma 
  Nonmalignant Esophageal In fi ltrative Disorders  
  Amyloidosis 
  Leiomyomatosis 
  Eosinophilic esophagitis 
  Sarcoidosis 
  Sphingolipidosis 
 Miscellaneous 
  Chagas’ disease 
  Congenital lower esophageal diaphragmatic web 
  Diabetes mellitus 
  Familial adrenal insuf fi ciency with alacrima 
  Multiple endocrine neoplasia (type IIB) 
  Pancreatic pseudocysts 
  Postvagotomy 

  Reproduced from Birgisson et al.: Achalasia: What’s new 
in diagnosis and treatment. Dig Dis 1997;15(Suppl):1–27. 
Copyright: S. Karger AG, Basel  

  Fig. 63.1    Barium esophagram in the patient with end-
stage achalasia. Barium esophagram showed a massive 
dilated, tortuous esophagus with a sharp narrowing at the 
gastroesophageal junction       
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can be observed in approximately 80 % of 
patients, whereas the remaining patients may 
have complete but shortened LES relaxation 
(<6 s). The resting LES pressure may be elevated 
in approximately 50 % of patients with achalasia. 
The aperistalsis is characterized by low ampli-
tude (usually <30 mmHg), simultaneous mirror 
image (isobaric) waves due to a common cavity 
phenomenon. The low amplitude wave pattern 
represents simultaneous  fl uid movement in a 
 fl uid- fi lled esophagus. “Vigorous” achalasia has 
been recognized as an achalasia variant when the 
pressure waves have a higher amplitude and dif-
ferent morphology, indicating simultaneous con-
tractile activity in the esophageal body  [  12  ] . 

 Recently, Pandol fi no et al. categorized patients 
with achalasia into three groups based on the new 
subclassi fi cation using high-resolution manome-
try: achalasia with minimal esophageal pressur-
ization (type I, classic), achalasia with esophageal 
compression or compartmentalization in the dis-
tal esophagus >30 mmHg (type II), and achalasia 
with spastic contractions (type III) (Fig.  63.2 ) 
 [  13  ] . In addition, logistic regression analysis 
demonstrated that type II is a predictor of positive 
treatment response, whereas type III is associated 
with negative treatment response, suggesting this 

subclassi fi cation may be useful to predict the out-
comes and tailor the treatment options.    

   Treatment 

 None of treatments can restore the impaired mus-
cle activity of esophageal body and LES, and all 
therapeutic approaches are palliative to improve 
esophageal outlet obstruction. The ultimate goal 
of treatment is to eliminate dysphagia by opening 
the LES while preventing gastroesophageal re fl ux 
and to achieve long-term symptom control. Since 
the  fi rst report of achalasia which was treated 
with dilation using a whalebone by Willis in 1674 
 [  14  ] , several treatment options have been intro-
duced. The most commonly performed treatment 
options are endoscopic pneumatic dilation (see 
Chap.   39    ) and surgical myotomy. Pharmacological 
treatments (see Chaps.   39     and   62    ) are mainly 
reserved for patients who cannot tolerate more 
invasive interventions or as a bridge to a more 
de fi nite treatment option. 

   Pneumatic Dilation 
 The purpose of pneumatic dilation is to widen the 
LES by forceful stretching using balloons. 
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  Fig. 63.2    Subclassi fi cation of achalasia using high-reso-
lution manometry. High-resolusion manometry showed 
three types of achalasia: classic achalasia with minimal 
esophageal pressure (type I), achalasia with panesopha-

geal pressurization (type II), and achalasia with esopha-
geal spasm (type III). From V.F. Eckardt et al. Nat Rev 
Gastroenterol Hepatol 2011;8:311–19 with permission       
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Pneumatic dilation is routinely performed in an 
outpatient setting using the Microinvasive 
Rigi fl ex balloon system (Boston Scienti fi c Corp, 
Natik, MA) (Fig.  63.3 ). This system includes 
three different sizes of  fl exible, polyethylene bal-
loons (3.0, 3.5, and 4.0 cm). The balloon is placed 
across the GEJ over a guide wire, and the proper 
position of balloon is con fi rmed by  fl uoroscopy 
or endoscopy. The balloon is gradually in fl ated 
following the distension protocol, which varies 
among centers. To minimize dilation-related 
complications such as perforation, a graded 
   dilation protocol starting with 3.0 cm, followed 
by 3.5 cm, and then 4.0 cm balloon in subsequent 
sessions has been commonly used  [  15  ] . A recent 
review including 24 studies published up to 2009 
has demonstrated that the short- or intermediate-
term success rates (mean follow-up, 37 months) 
of 74 %, 86 %, and 90 % were achieved when 
balloon sizes of 3.0 cm, 3.5 cm, and 4.0 cm were 
used, respectively  [  16  ] . On the other hand, a 
recent meta-analysis has demonstrated that suc-
cess rates of pneumatic dilation steadily decline 
with longitudinal follow-up: 84.8 % at 1 month, 
73.8 % at 6 months, 68.2 % at 12 months, and 
58.4 % at  ³ 36 months  [  17  ] . Therefore, some have 
proposed repeated on-demand pneumatic dilations, 
which can achieve the long-term maintenance of 

symptomatic relief in  ³ 90 % of patients. For the 
proper patient selection, some risk factors for 
relapse after pneumatic dilation have been de fi ned 
as follows: young age (<40 years), male gender, 
single dilation with a 3.0 cm balloon, postdilation 
LES pressure > 10–15 mmHg, and poor esopha-
geal emptying on a timed barium swallow  [  18, 
  19  ] . Similar to Botox injection, pneumatic dila-
tion causes submucosal microhemorrhage, lead-
ing to submucosal  fi brosis and thereby increase 
the risk of mucosal perforation during a subse-
quent myotomy.   

   Surgical Treatment 
 The  fi rst successful surgical treatment of achala-
sia was described by the German surgeon Ernest 
Heller in 1913  [  20  ] . With the advances in mini-
mally invasive surgical techniques, Pellegrini 
et al. introduced a minimally invasive Heller 
myotomy in 1992  [  21  ] . Currently, laparoscopic 
Heller myotomy combined with a partial 
antire fl ux procedure (Dor or Toupet fundoplica-
tion) has been most commonly performed since 
the randomized controlled study conducted by 
Richards et al.  [  22  ]  demonstrated that an addi-
tional partial fundoplication signi fi cantly reduced 
postoperative gastroesophageal re fl ux from 
47.6 % to 9.1 % ( p  = 0.005). Surgical myotomy 
involves a longitudinal incision of the circular 
and longitudinal muscular layers of the esopha-
gus and extension of this incision onto the stom-
ach across the GEJ. A previous comparison study 
demonstrated less postoperative dysphagia when 
the myotomy was extended to 3 cm on to the 
stomach compared to a group with a 1–2 cm 
proximal gastric myotomy  [  23  ] . Based on this, it 
has been emphasized that the myotomy must be 
extended 5–7 cm proximal to the GEJ and at least 
2–3 cm distally onto the stomach to adequately 
divide the gastric sling  fi bers, thus further decreas-
ing LES pressure and improving dysphagia 
(Fig.  63.4 ). Partial fundoplication is preferred to 
360° Nissen fundoplication because it results in 
signi fi cantly lower postoperative dysphagia rates 
(2.8 % vs. 15 %,  p  = 0.001)  [  24  ] . Recently, a mul-
ticenter, prospective, randomized-controlled trail 
to compare Dor (Fig.  63.5 ) vs. Toupet fundopli-
cation (Fig.  63.6 ) following Heller myotomy for 

  Fig. 63.3    Rigi fl ex balloon dilation system       
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achalasia demonstrated that Heller myotomy 
provides signi fi cant improvement in dysphagia 
and regurgitation in patients with achalasia 
regardless of the type of partial fundoplication, 
and there was a trend towards higher percentage 
of abnormal postoperative pH testing in patients 
with Dor compared to those with Toupet, although 
there was no signi fi cant difference  [  25  ] . It is 

extremely important to apply cricoid pressure 
(Sellick’s maneuver) during the induction of gen-
eral anesthesia in order to prevent aspiration of 
gastric and intraesophageal contents as patients 
with achalasia may have retained food or  fl uid in 
the esophagus even after a 3-days liquid diet for 
the attempt to reduce the amount of intraesopha-
geal contents prior to surgery.    

  Fig. 63.4    The scheme of Heller myotomy. The complete myotomy should be performed, extending 5–7 cm proximal 
to the gastroesophageal junction and 2–3 cm onto the gastric cardia       

  Fig. 63.5    Dor fundoplication (anterior partial fundoplication)       
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 In a recent meta-analysis of 39 studies involv-
ing nearly 3,100 patients, the good-to-excellent 
symptom relief with laparoscopic Heller myo-
tomy was achieved in 89.3 % of patients during a 
mean follow-up of 35 months  [  17  ] . Surgical myo-
tomy can be successfully performed after failed 
pneumatic dilation or botulinum toxin injection; 
however, this may be associated with lower suc-
cess rate probably due to submucosal  fi brosis 
 [  26,   27  ] . Younger male patients and patients with 
higher LES pressure more likely have an excel-
lent response to surgical myotomy  [  28  ] . In con-
trast, patients with severe preoperative dysphagia, 
progressive esophageal enlargement, and low 
preoperative LES pressures (<30–35 mmHg) are 
associated with poor outcomes of surgical 
 myotomy  [  1,   2,   26  ] . Recent studies to evaluate 
the long-term outcomes have demonstrated the 

consistent ef fi cacy of laparoscopic Heller myo-
tomy even after 10 years  [  28–  30  ] . 

 Complications of laparoscopic Heller myo-
tomy include death (0.1 %), esophageal perfora-
tion (7–15 %), and chronic gastroesophageal 
re fl ux (5–55 %)  [  16  ] . Esophageal perforation 
usually can be identi fi ed and repaired during the 
procedure. Re fl ux symptoms can be controlled 
by antisecretory medications such as proton 
pump inhibitors and H2 blockade. The main 
cause of postoperative dysphagia is an incom-
plete myotomy, especially on the gastric side. 
Other etiology of postoperative dysphagia 
includes submucosal  fi brosis, esophageal outlet 
obstruction due to tight fundoplication, megae-
sophagus, or gastroesophageal re fl ux-related 
complications such as esophagitis and peptic 
stricture. Redo-myotomy can be considered if the 
initial myotomy fails to achieve suf fi cient symp-
tomatic improvement, and a repeat myotomy can 
be successfully performed on the opposite loca-
tion to the initial myotomy  [  31  ] . Also, pneumatic 
dilation could be an alternative to redo-myotomy 
especially for patients who have severe comor-
bidities or are reluctant to undergo further surgi-
cal interventions  [  32  ] . Esophagectomy is the last 
resort for patients who do not respond to any 
treatment options  [  33  ] . In addition, the surgical 
outcomes of patients who have a sigmoid-shaped 
megaesophagus have been con fl icting  [  27,   34, 
  35  ] , and this population may eventually require 
esophagectomy.    

   Pneumatic Dilation vs. Surgical 
Myotomy 

 With the widespread acceptance of laparoscopic 
Heller myotomy, surgical myotomy has been 
most commonly performed and is considered by 
many to be superior to pneumatic dilation, being 
supported by recent three meta-analyses which 
favored surgery as the best treatment to achieve 
long-term success  [  17,   36,   37  ] . However, publi-
cation bias and heterogeneity in study designs 
and technique coupled with the relative rarity of 
achalasia have caused inadequately powered 
studies and have not allowed us to make a  fi nal 

  Fig. 63.6     AB  Toupet fundoplication (posterior partial 
fundoplication). From N. Katkhouda et al. Ann Surg 
2002;235(4):591–9 modifi ed with permission       
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conclusion. Recently, Boeckxstaens et al. performed 
a multicenter, randomized controlled trial 
involving 14 hospitals in  fi ve European countries 
to compare pneumatic dilation with laparoscopic 
Heller myotomy with Dor fundoplication  [  38  ] . In 
this study, a total of 201 patients with a new diag-
nosis of achalasia and an Eckardt symptom score 
greater than three were randomly assigned to 
pneumatic dilation ( n  = 95) or laparoscopic Heller 
myotomy group ( n  = 106). Patients with recurrent 
symptoms in the dilation group were allowed to 
undergo repeat on-demand dilation up to a maxi-
mum of three series of dilations. There was no 
signi fi cant difference in therapeutic success as 
de fi ned by the Eckardt score  £ 3 at both 1 and 
2 years follow-up between pneumatic dilation 
and myotomy groups (90 vs. 93 % at 1 year and 
86 vs. 90 % at 2 years, respectively). Furthermore, 
there was no signi fi cant difference in quality of 
life or esophageal function as measured by vali-
dated questionnaires such as SF-36 and QLQ-
OES24 between the two groups. On the other 
hand, preexisting daily chest pain was identi fi ed 
as a predictor of treatment failure requiring rein-
tervention in both groups, and younger patients 
(<40 years) in the dilation group required more 
dilations for recurrent symptoms. In the dilation 
group, 4 % did not respond to the initial dilations, 
and 24 % required an additional dilation for the 
recurrent symptoms. In contrast, 14 % of patients 
in the myotomy group required dilation due to 
treatment failure. Esophageal perforation 
occurred in 4 % in the dilation group and 12 % in 
the myotomy group. This study concluded that 
laparoscopic Heller myotomy was not associated 
with superior rates of therapeutic success com-
pared to pneumatic dilation at least during the 
short-term period. 

 There are still several limitations. Therapeutic 
success rate would vary depending on the criteria 
used. In this study, the need for subsequent inter-
vention or number of reinterventions was not 
taken into consideration. In addition, the myo-
tomy was extended from 1 to 1.5 cm on to the 
stomach, which may have been inadequate to 
divide the entire bundle of sling  fi bers, potentially 
affecting the therapeutic success of myotomy 
group. It has been reported that the ef fi cacy of 

pneumatic dilation declines over time, and the 
long-term follow-up (>5 years) is therefore 
required. It should be noted that none of treat-
ments can restore the impaired muscle activity of 
esophageal body and LES, and the ultimate goal 
of treatment is to accomplish long-term symptom 
control rather than simply initial success. 
Therefore, it is important to stratify patients to 
the optimal initial treatment, which will likely 
achieve long-term excellent outcome.  

   Posttreatment Assessment and 
Management 

 Currently, there is no consensus on optimal pro-
tocols for follow-up and surveillance after the 
treatment of achalasia. It is important to objec-
tively assess the ef fi cacy of treatment not only 
for the therapeutic success but also for the early 
detection of clinical remission and/or complica-
tions by using the scoring system, postprocedure 
manometry, and timed barium swallow, although 
the ef fi cacy of treatment can be assessed symp-
tomatically. Eckardt et al. have introduced a 
simple scoring system (Eckardt score), which is 
the sum of the symptom scores for weight loss 
[0 (no loss) to 3 (>10 kg loss)], dysphagia, ret-
rosternal pain, and regurgitation [0 (absence of 
symptoms) to 3 (severe symptoms)] (Tables  63.2  
and  63.3 )  [  39  ] . A postdilation LES pressure less 
than 10–15 mmHg is generally considered to be 
a predictor of a good long-term response  [  18, 
  19  ] , and a >50 % improvement over baseline in 
the height of the barium column 1 min after 
timed barium swallow in conjunction with 
symptomatic improvement is also a predictor of 
treatment success  [  4,   40  ] . On the other hand, 
posttreatment surveillance can contribute to 
detect or prevent long-term complications such 
as megaesophagus, cancer development, and 
GERD. A sigmoid-shaped esophagus or megae-
sophagus occurs in approximately 10 % of 
patients with a long-standing achalasia 
(>10 years after the initial diagnosis), especially 
in patients who have been inadequately treated 
for years  [  41  ] . Furthermore, it is well known 
that a long-standing achalasia is associated with 
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the development of squamous cell carcinoma 
 [  42,   43  ] . A recent prospective study with long-
term follow-up of patients who had undergone 
regular surveillance at 3-years intervals demon-
strated a hazard ratio of 28 for developing 
esophageal squamous cell carcinoma, and can-
cers occurred at a mean age of 71 years (24 years 
after the onset of symptoms and 11 years after 
the diagnosis of achalasia), although a survival 
bene fi t from surveillance was observed in only 
13 % of patients who developed cancer  [  44  ] . 
The most common long-term complication is 
GERD, which occurs in up to 25 % of patients 
who are followed up for more than 30 years  [  45  ] . 
The guideline proposed by the American Society 
of Gastrointestinal Endoscopy states that there 
are still insuf fi cient data to support routine endo-
scopic (cancer) surveillance for patients with 
achalasia  [  46  ] ; however, the long-term impact of 
esophageal mucosal injury, such as esophagitis 
and Barrett’s esophagus, due to GERD on qual-
ity of life should not be underestimated, and it 
should be noted that Barrett’s esophagus may 
progress to adenocarcinoma. Further studies are 
required to determine the optimal surveillance 
protocol.    

   Future Therapy: Peroral Endoscopic 
Myotomy 

 With the advances in endoscopic technique and 
devices, more aggressive endoscopic procedures 
such as endoscopic submucosal dissection have 
been invented and performed. Recently, Inoue et al. 
introduced a new endoscopic approach to treat 
achalasia, peroral endoscopic myotomy (POEM) 
 [  47  ] . The POEM procedure uses endoscopic 
submucosal dissection technique to create a 
submucosal tunnel with CO 

2
  insuf fl ation. After 

the injection of saline mixed with indigo carmine 
into the submucosal space approximately 13 cm 
proximal to the GEJ, a 2-cm longitudinal small 
mucosal incision is made to create the entry to the 
submucosal space (Fig.  63.7a ). Then, cap-attached 
endoscope is inserted into the submucosal space, 
and submucosal dissection is performed using a 
specialized endoscopic needle knife distally 2–3 cm 
on to the gastric cardia across the GEJ (Fig.  63.7b ). 
At the completion of submucosal tunnel creation, 
only the circular muscular layer is then divided on 
the entire length of submucosal tunnel (Fig.  63.7c , 
d). Following the myotomy, adequate opening of 
the LES is con fi rmed by passing the endoscope, 
and the mucosal entry is closed by deploying 
EndClips (Fig.  63.7e ). In the initial report ( n  = 17), 
the dysphagia score and the resting LES pressure 
were signi fi cantly reduced from 10 to 1.3 ( p  < 0.001) 
and from 52.4 to 19.9 mmHg ( p  < 0.001), respec-
tively. No complications occurred. During a mean 
follow-up of 5 months, only one patient developed 
LA grade B esophagitis requiring PPI. In the fol-
low-up to this study ( n  = 43), all patients had an 
excellent symptomatic relief postoperatively, and 
the resting LES pressure was reduced from 52.1 to 

   Table 63.2    Clinical scoring system for achalasia (Eckardt score)   

 Score  Symptom 

 Weight loss (kg)  Dysphagia  Retrosternal pain  Regurgitation 

 0  None  None  None  None 
 1  <5  Occasional  Occasional  Occasional 
 2  5–10  Daily  Daily  Daily 
 3  >10  Each meal  Each meal  Each meal 

  Reproduced from Eckardt et al. Treatment and surveillance strategies in achalasia: an update. Nat Rev Gastroenterol 
Hepatol 2011;8:311–19  

   Table 63.3    Clinical staging of achalasia based on Eckardt 
score   

 Stage  Eckardt score a   Clinical implication 

 0  0–1  Remission 
 I  2–3  Remission 
 II  4–6  Treatment failure 
 III  >6  Treatment failure 

  Reproduced from Eckardt et al. Gastroenterology 
1992;103:1732–38 
  a See Table 63.2 for details regarding the Eckardt score  
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18.8 mmHg. No speci fi c complications occurred 
 [  48  ] . Although the initial results of POEM proce-
dure is encouraging, the long-term outcome will be 
required to meet the widespread acceptance.   

   Spastic Esophageal Motility Disorders: 
DES, NE, and HTN-LES 

   Diagnosis 

 Most patients with DES and HTN-LES present 
primarily with dysphagia whereas chest pain is the 
most common primary symptom in patients with 

NE  [  49  ] . It is important to exclude the presence of 
coronary artery disease as an integral component 
of the initial evaluation. As for achalasia, these 
spastic esophageal motility disorders are diag-
nosed based on the speci fi c manometric criteria, 
which are summarized in Table  63.4   [  1  ] . DES is 
present when more than 20 % of esophageal con-
tractions are simultaneous rather than peristaltic. 
However, if 100 % of the contractions are simulta-
neous, the diagnosis is achalasia. Unlike achalasia, 
the LES pro fi le is typically normal in patients with 
DES. NE is characterized by high-pressure esoph-
ageal contractions, usually in excess of 180 mmHg, 
and prolonged duration (>6 s) with normal 

  Fig. 63.7    The scheme of peroral endoscopic myotomy 
(POEM). ( a ) Creation of the entry to submucosal space, 
( b ) creation of submucosal tunnel all way down to the 
gastric cardia, ( c ) beginning of myotomy, ( d ) myotomy 

is extended onto the gastric cardia, ( e ) the entry is closed 
by endoclips. From H. Inoue et al. Endoscopy 2010;42(4):
265–71 with permission       
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peristalsis. HTN-LES is de fi ned as a hypertensive 
LES resting pressure of greater than 45 mmHg; 
which, LES relaxation may be incomplete in 
patients with HTN-LES, however they exhibit nor-
mal esophageal body peristalsis.  

 Radiographic  fi ndings in patients with DES 
can be highly variable. Many of these patients 
have a normal appearing esophagram whereas 
some show disruption of peristalsis with tertiary 
activity producing a “corkscrew” or “rosary bead” 
esophagus  [  50  ] . Radiographic  fi ndings can be 
normal in patients with NE and similar to achala-
sia in patients with HTN-LES. In patients with 
spastic disorder of the esophagus, ambulatory pH 
testing is particularly important to perform in 
order to evaluate for a diagnosis of GERD, which 
is associated with many of these conditions  [  2  ] .  

   Treatment 

 It is noted that many patients with spastic esopha-
geal motility disorders respond well to con fi dent 
reassurance that their chest pain is not cardiac in 
origin or life threatening  [  51  ] . If GERD is present, 
the medical and/or surgical treatment of GERD 
should be implemented; many of these patients 
will have resolution of spastic symptoms when 
the GERD has been appropriately treated. Patients 
who have not responded to reassurance and medical 

therapy should be considered candidates for the 
surgical treatment, which is  myotomy and partial 
fundoplication. The myotomy is usually extended 
more proximally than in patients with achalasia 
and can be tailored to cover the region of spastic 
smooth muscle as de fi ned by preoperative manom-
etry. When the access to the intrathoracic esophagus 
is needed, we prefer a right thoracoscopic approach, 
in which extended myotomy on the entire length 
of thoracic esophagus from the thoracic inlet to 
diaphragm can be performed (Fig.  63.8 ). Several 
studies have demonstrated excellent results of 
myotomy in patients with DES  [  49,   52,   53  ] . Patti 
and colleagues reported that dysphagia was 
relieved in 80 % of patients after thoracoscopic 
myotomy and in 86 % after laparoscopic myo-
tomy while chest pain was relieved in 75 % and 
80 % of patients, respectively. The symptom of 
regurgitation is also signi fi cantly improved in 
patients with DES  [  49  ] . Patients with DES and a 
primary symptom of chest pain should be coun-
seled that long myotomy may be less likely to 
relieve this symptom and that the results of sur-
gery are dif fi cult to predict  [  54  ] . The outcomes 
of surgical treatment in patients with NE and 
chest pain are unpredictable. Patti and colleagues 

   Table 63.4    Manometric  fi ndings of spastic esophageal 
motility disorders   

 Manometric  fi ndings 

 Diffuse esophageal 
spasm 

 Simultaneous contractions  ³ 20 % of 
wet swallows 
 Intermittent peristalsis 
 Contraction amplitude >3 mmHg 
but usually not high amplitude 
 Can have repetitive or multipeak 
contractions ( ³ three peaks) 
 Can have spontaneous contractions 
not associated with swallows 

 Nutcracker 
esophagus 

 Increased mean distal amplitude 
>180 mmHg 
 Normal peristalsis 
 Can be of increased distal duration 
>6 s 

 Hypertensive 
lower esophageal 
sphincter 
(HTN-LES) 

 Resting lower esophageal sphincter 
pressure >45 mmHg 
 May be incomplete lower esopha-
geal sphincter relaxation 

  Fig. 63.8    Extended myotomy through a right thoraco-
scopic approach. ( Upper ): Myotomy is started by cutting 
the muscle layer of esophagus.  L  lung,  E  esophagus. 
( Lower ): Completed myotomy       
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reported that chest pain was relieved only in 50 % 
of patients with NE whereas dysphagia was 
improved in 80 % of patients. These authors pro-
posed a myotomy for patients with NE only when 
the primary symptom is dysphagia  [  49  ] . The sur-
gical treatment of HTN-LES is similar to that of 
achalasia and should be employed when patients 
present with dysphagia.    

   Conclusion 

 Achalasia is the most common primary esopha-
geal motility disorder that is characterized by the 
inability of the LES to relax and by absence of 
esophageal body peristalsis due to the in fl ammatory 
loss of ganglion cells in the myenteric plexus 
of the esophageal body and LES, causing dys-
phagia, regurgitation of retained food, and chest 
pain. Pneumatic dilation and laparoscopic Heller 

myotomy with a partial fundoplication are most 
commonly performed to treat achalasia. Recent 
randomized controlled study to compare these 
two treatment options demonstrated the similar 
therapeutic ef fi cacy during the short-term fol-
low-up. However, further modi fi cations of the 
treatment protocol have the potential for improve-
ment in the outcomes of each treatment option. 
Since the widespread acceptance of laparoscopic 
Heller myotomy, the ef fi cacy of pneumatic dila-
tion has been probably underestimated, and gas-
troenterologists should be trained to successfully 
perform pneumatic dilation. Note that none of the 
treatment options can restore the impaired muscle 
function of the esophageal body and LES, and it is 
more important to stratify patients to the optimal 
initial treatment to accomplish long-term symp-
tom control rather than to simply achieve initial 
success by considering the predictors of treatment 
outcome (Table  63.5 )  [  55  ] .  

   Table 63.5    Predictors of treatment outcomes in patients with achalasia   

 Treatment option  Positive predictors  Negative predictors 

 Botulinum toxin 
injection 

 Vigorous achalasia  High initial LES pressure 
 Advanced age  Lack of response to  fi rst treatment 

 Pneumatic 
dilation 

 Age >40 years  Male gender 
 Type II pattern of achalasia on HRM  Incomplete obliteration of the balloon waist or 

small balloon size (<30 mm) 
 Early disease  High postdilation LES pressure 
 Postinterventional LES pressure <10 mmHg  Type I or type III patterns of achalasia on HRM 
 >50 % improvement over baseline in 
barium column height 1 min after initiation 
of a timed barium swallow 

 Features of advanced disease (e.g., an enlarged 
esophagus) a  

 Postinterventional LES pressure >10–15 mmHg 
 <50 % improvement over baseline in barium 
column height 1 min after initiation of a timed 
barium swallow 

 Surgical 
myotomy 

 Age <40 years  Severe preoperative dysphagia 
 Type II pattern of achalasia on HRM  Low initial LES pressure 
 Postinterventional LES pressure <10 mmHg  Prior endoscopic treatment (primarily Botox 

injection) 
 >50 % improvement over baseline in 
barium column height 1 min after initiation 
of a timed barium swallow 

 Type I or type III patterns of achalasia on HRM 

 Features of advanced disease (e.g., an enlarged 
esophagus) a  
 Postinterventional LES pressure >10–15 mmHg 
 <50 % improvement over baseline in barium 
column height 1 min after initiation of a timed 
barium swallow 

  Reproduced from Eckardt et al. Treatment and surveillance strategies in achalasia: an update. Nat Rev Gastroenterol 
Hepatol 2011;8:311–19 
  a A negative predictor in most studies.  HRM  high-resolution manometry,  LES  lower esophageal sphincter  
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 Other spastic esophageal motility disorders such 
as DES, NE, and HTN-LES are diagnosed based on 
speci fi c manometric criteria. It is important to eval-
uate for GERD as an underlying cause as symptoms 
may subside when GERD is properly treated. The 
surgical treatment, myotomy and partial fundopli-
cation, should be considered when a diagnosis of 
GERD has been excluded, and reassurance and 
medical therapy fail. However, the outcomes of sur-
gical treatment in this setting are variable.      
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  Abstract 

 Multiple operative techniques have been designed to address dysphonia and 
dysphagia that results from unilateral vocal fold paralysis (VFP). This chap-
ter addresses three main procedures: silastic medialization laryngoplasty, 
arytenoid adduction, and hypopharyngeal pharyngoplasty. Silastic medial-
ization laryngoplasty (ML) is an excellent long-term solution for reposition-
ing a paralyzed vocal fold near the middle to correct glottic insuffi ciency and 
minimize aspiration. In patients with unilateral VFP who have a lack of vocal 
process contact during phonation (large posterior gap), shortened immobile 
vocal fold, and those with vocal folds at different levels, Arytenoid Adduction 
(AA) should be considered in addition to ML. The improved posterior glottic 
closure afforded by an AA can result in better voice and less aspiration in 
select cases. For “high vagal palsy”, Hypopharyngeal Pharyngoplasty (HPPP) 
is a surgical procedure that can be used in conjunction with ML and AA. It 
tightens the paralyzed inferior constrictor and reduces the size of the pyri-
form sinus to limit the buildup of secretions. In addition, a cricopharyngeal 
(CP) myotomy in often performed in conjunction with the HPPP to facilitate 
opening of the CP, which often fails to relax as a result of CN X injuries.  

   Keywords 

 Arytenoid adduction  •  Aspiration  •  Dysphonia  •  Partial pharyngectomy  
•  Symptomatic glottic insuf fi ciency  •  Vocal fold medialization        

    Introduction 

 Multiple operative techniques have been designed 
to address dysphonia and dysphagia that result 
from unilateral vocal fold paralysis. This chapter 
addresses three main procedures  [  1  ] : silastic 
medialization laryngoplasty, arytenoid adduc-
tion, and hypopharyngeal pharyngoplasty.  
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   Silastic Medialization Laryngoplasty 

 It is important to not   e that silastic medialization 
laryngoplasty (ML) is designed to be a long-term 
treatment for symptomatic UVFP. Experimental 
and clinical evidence supports the ef fi cacy of 
silastic ML over a prolonged period of time. 
However, it should be noted that silastic ML is 
fully reversible, that is, the implant can be 
removed if return of vocal fold mobility occurs, 
or if a revision surgery needs to be performed at a 
later date. There is minimal tissue reactivity to 
silastic over time; generally a thin  fi brous capsule 
surrounding the implant is all that is seen months 
to years following ML. 

   Indications 

    Symptomatic Glottic Insuf fi ciency (Dysphonia, • 
Aspiration), especially if there is little to no 
chance of return of vocal fold motion     

   Contraindications 

    Previous history of radiation therapy to the • 
larynx (relative)  
  Malignant disease overlying the laryngotra-• 
cheal complex  
  Poor abduction of the contralateral vocal fold • 
(due to airway concerns)  
  Presence of lesion on the vocal folds    • 
 No single implant material is superior to the oth-

ers for performing ML. It is really a matter of surgeon 
preference and experience. The author advocates 
hand carving of a medium-grade Silastic block (avail-
able from Medtronic ENT) using the surgical tech-
nique described by Netterville  [  2  ] . This leads to 
precise medialization, superior voice results, and a 
better understanding of the dynamics of vocal fold 
medialization. However, other systems (such as the 
preformed implants in the Montgomery Thyroplasty 
Implant System [Boston Medical Products, Inc, 
Westborough, Massachusetts]) or strip Gore-Tex 
(William L. Gore, Flagstaff, Arizona) and VoCoM 
Hydroxyapatite (Smith and Nephew, Bartlett, 
Tennessee) can be employed successfully as well.   

   Surgical Procedure  [  1–  3  ]  

 The surgical region is liberally in fi ltrated with 1 % 
lidocaine with 1:100,000 epinephrine, from the 
hyoid down to the cricoid cartilage, on the side of 
the intended surgery. Typically 15 ccs are used. 
Preoperative IV Decadron (10 mg) is adminis-
tered. Four percent lidocaine and oxymetazoline 
nasal spray is applied to the most patent nasal 
cavity. Placement of an indwelling nasolaryngeal 
fi berptic scope with videomonitoring of the larynx 
is employed during the entire surgical case   . The 
visual feedback of the larynx is invaluable when 
performing this surgery. One inch tape is used to 
secure the  fi beroptic scope to a modi fi ed IV pole 
hanging above the patient’s head. The neck is then 
prepped and drapped, including a clear overdrape 
to allow manipulation of the scope during the case 
(Fig.  64.1 ). A horizontal incision is placed in a 
skin crease at the level of the mid-thyroid carti-
lage, typically 5–6 cm in length. Subplatysmal 
 fl aps are raised to the hyoid superiorly and the 
upper portion of the cricoid below; retention hooks 
are used to secure the  fl aps out of the way. The 
midline raphae are divided between the strap mus-
cles with cautery, exposing the laryngeal cartilage. 
A single prong hook is placed under the thyroid 
notch, and the larynx is retracted to the side oppo-
site the paralysis, bringing the entire hemilaryn-
geal cartilage into view (Fig.  64.2 ). The outer 
perichondrium of the thyroid cartilage is then 

  Fig. 64.1    Diagram of typical prep/drape for medializa-
tion laryngoplasty       
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incised with a 15-blade, and a posteriorly based 
 fl ap is raised with a cottle or freer elevator. This 
requires serial release of the perichondrium supe-
riorly and inferiorly (Fig.  64.3 ). The inferior bor-
der of the thyroid ala has muscle  fi bers from the 
cricothyroid muscle inserting onto it, so these must 
be divided (typically with bipolar cautery followed 
by 15-blade division). This exposes the inferior 
border, so that the correct orientation of the win-
dow can be properly determined (Fig.  64.4 ).     

 The exposure of the inferior thyroid cartilage 
border must extend posterior to the muscular 
tubercle (an inferior-projecting extension of the 
thyroid ala), as the angulation of this process can 
cause mistaken orientation of the medialization 
window. The downward projection of the muscu-
lar tubercle must be ignored when determining 
the horizontal plane of the inferior border of the 
thyroid cartilage (Fig.  64.5 ).  

 A window is outlined in the thyroid cartilage, 
measuring 6 × 13 mm using the window size gauge 
instrument. The window is placed 3 mm above the 
inferior border of the thyroid cartilage. Placement of 
the window any higher (superior) may result in 
medialization of the false vocal fold or ventricular 
mucosa, with poor voice results. The window is “set 
back” from the midline of the thyroid cartilage by a 
distance of 5 mm in women and 7 mm in men. This 
set back helps avoid medialization of the anterior 

vocal fold, which may result in “pressed” voice 
(Fig.  64.6 ). The window of cartilage is then removed 
(with a 15-blade, Kerrison rongeur, or drill, depend-
ing on laryngeal calci fi cation). In younger patients, 
the cartilage is soft, and can be removed with a 
15-blade, being cautious to avoid penetration of the 
cartilage with resultant paraglottic bleeding. Often, a 
triangle of cartilage can be incised and then removed 
from the posterior superior aspect of the window 
using a Woodson elevator. Once an entry point 
through the thyroid cartilage is established, a 
Kerrison rongeur can be used to complete the win-
dow (Fig.  64.7 ). When drilling the window, a 
2–3 mm cutting burr is used. The inner perichon-
drium that lies deep to the window is removed, 

  Fig. 64.2    Single prong hook under the thyroid notch to 
gain exposure to thyroid ala       

  Fig. 64.3    Posteriorly based outer perichondrial  fl ap 
elevation       

  Fig. 64.4    Bipolar cautery and sharp dissection are used 
to expose the inferior border of the thyroid ala       
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  Fig. 64.6    Correct placement of the medialization win-
dow, 5–7 mm from the midline of the thyroid ala (5 mm—
females, 7 mm—males) and 3 mm above the inferior 
border. The window size gauge instrument is 6 × 13 mm in 
dimension       

  Fig. 64.7    A Kerrison rongeur is then used to remove the 
remainder of the cartilage, after gaining entry with a 
15-blade or drill       

  Fig. 64.5    Diagram showing the incorrect ( left ) and cor-
rect ( right ) method of exposing the inferior thyroid ala. 
On the  left , the cricothyroid  fi bers have not been divided 
from the inferior border, and an incorrect, downwardly 
sloping line is used to trace the proposed horizontal plane 

of the vocal fold. On the  right , a thorough dissection    of the 
inferior thyroid ala allows the true horizontal plane of 
the vocal fold to be outlined, insuring correct window 
placement. In this case, the inferior muscular tubercle is 
ignored when determining the plane       
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exposing the thyroarytenoid muscle fascia. Often 
this inner perichondrium is removed piecemeal with 
the Kerrison rongeur during primary cartilage 
removal of the window. However if it is intact, it may 
be incised superiorly, posteriorly, and inferiorly 
(Fig.  64.8 ). A surgical plane is then developed with 
the right angle elevator within the paraglottic space 
(just super fi cial to the TA fascia) in all directions 
around the window except anterior (Fig.  64.9 ). 
Dissection anterior to the window may result in per-
foration into the airway through the very thin (and 
closely adherent) ventricular mucosa and should be 
avoided. Incising the inner perichondrium and estab-
lishing a surgical plane in the paraglottic space is 
important to successful medialization. An intact per-
ichondrium remains tightly bound to the thyroid car-
tilage (even with undermining) and often provides 
great resistance to medialization; it is analogous to 
trying to displace a trampoline. In contrast, the para-
glottic space allows for unencumbered medializa-
tion, once the inner perichondrium is incised. The 
inferior paraglottic surgical plane should extend 
developed below the inferior strut of the thyroid ala. 
This can be achieved by undermining from below 
the strut, using the long elevator. The TA fascia in the 
window should be displaced medially to avoid per-
foration/penetration of the TA muscle  fi bers. The TA 
muscle is then displaced within the window while 
visualizing the effects on vocal fold displacement on 
the videomonitor. This helps  establish the correct 
plane of medialization. Within the window, the infe-
rior aspect generally is the most desirable for medi-
alization and corresponds to the free edge of the 
vocal fold. Displacement within the superior aspect 

of the window usually medializes the false vocal 
fold or ventricular mucosa, and results in suboptimal 
results in most cases. A depth gauge is used to dis-
place the paralyzed TA muscle medially, while the 
patient counts to 10 (Fig.  64.10 ). A combination of 
visual feedback from the videolaryngoscopy moni-
tor and the patient’s vocal quality is used to judge the 
correct amount of medialization needed. Ideally, the 
paralytic vocal fold will assume a straight contour in 
the midline, allowing for complete glottic closure 
and signi fi cant voice improvement. Two principal 
measurements are obtained: the distance from the 
anterior window to the point of maximal displace-
ment (i.e. the tip of the depth gauge), which is 
referred to as the “A” measurement in the corre-
sponding illustration. This is often 10–13 mm in 
length, as posterior medialization most often is used 
(in women this measurement is typically at the mid 
aspect of the window, 6–8 mm. However, it is not 
uncommon for the point of maximal displacement to 
be at the anterior portion of the window in females) 
(Fig.  64.11 ). The other measurement is the depth of 

  Fig. 64.8    Release of the inner perichondrium, with a 
15-blade superiorly, posteriorly, and inferiorly       

  Fig. 64.9    Undermining within the paraglottic space 
(deep to the inner perichondrium) superiorly, posteriorly, 
and inferiorly       
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medialization and is read off of the depth gauge 
instrument. The measurement is taken off the inner 
table of the cartilage, not the outer table (Fig.  64.12 ). 
Typically, 5–7 mm of medialization are needed at 
the posterior aspect of the window. It is rare that any 
medialization is needed at the anterior aspect of the 
window. Once the appropriate measurements are 
made, 3 × 1/2 cottonoids soaked in 1:10,000 epi-
nephrine are placed inside the window to aid in 
hemostasis while the implant is carved. An implant 
is then carved out of medium-grade Silastic wedge 
on the back table to meet the speci fi cations provided 
by the depth gauge measurements. A preformed 
20-mm wedge block (“silicone strip” by Medtronic 
ENT, Jacksonville, FL) simpli fi es this task and short-
ens surgical time. This section describes its proper 
preparation for implantation.        

 The distance from the anterior edge of the win-
dow to the point of maximal medialization (typi-
cally 11–13 mm in males and 6–10 mm in females) 
is measured along the block (measurement “A” on 
the diagram), and a dot is placed with a marking pen 
(Fig.  64.13 ). From the dot, a line is extended into 
the substance of the block (measurement “B” in the 
diagram) which corresponds to the depth of medial-
ization (Fig.  64.14 ). This measurement was obtained 
using the depth gauge and is typically 5–7 mm in 
most patients. Lines are then drawn connecting the 
tip of line B with both the anterior and posterior por-
tions of the block (measurement “C” and “D,” 
respectively) (Fig.  64.15 ). This creates a character-

istic triangular shape of the implant, with the edge 
“C” corresponding to the portion of the implant 
which displaces the vocalis muscle medially, and 
segment “D” corresponding to the posterior exten-
sion of the implant which helps to hold it in place.    

  Fig. 64.11    Distance from the anterior window to the 
point of maximal displacement of the depth gauge. This is 
generally 10–13 mm in males and 6–8 in females. This is 
referred to as the “A” length during implant carving       

  Fig. 64.12    Measuring the depth of medialization using 
the depth gauge. This is typically 5–7 mm. The measure-
ment should be taken of the inner (deep) aspect of the car-
tilage. This is referred to as the “B” measurement during 
implant carving       

  Fig. 64.10    Displacement of TA muscle with the depth 
gauge. Note the displacement is generally at the posterior, 
inferior border of the window       
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 A 10-blade is used to cut along lines C and D, 
removing the excess portion of the block (Fig.  64.16 ). 
One must be careful to make these cuts at 90° angles 
to maintain the integrity of the depth of the implant. 
The implant is placed in a customized implant 
holder for further shaping. The plane of medializa-
tion (lower, middle, or upper portion of the window) 
which corresponds to the plane of the true vocal 
fold is marked with a line along the implant border 
(Fig.  64.17 ). In general, this is the inferior or lower 

  Fig. 64.13    Carving a left-sided implant. A mark is made 
on the implant corresponding to the point of maximal 
medialization (“A” length from Fig.  64.11 )       

  Fig. 64.14    A line is drawn perpendicular, beginning 
from the “A” mark, extending the distance determined by 
the depth of medialization (“B” length from Fig.  64.12 )       

  Fig. 64.15    A triangular implant is then created       

  Fig. 64.16    Trimming excess silastic using a 10-blade       

  Fig. 64.17    Marking the plane of medialization (corre-
sponding to the inferior border in most implants)       
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border of the window space. The line must be drawn 
along the medialization “zone” in the middle of the 
implant, not on the upper or lower “ fl ange” portions 
of the implant (Fig.  64.18 ). Using a 15-blade, the 
excess silastic is removed superior and inferior to 
the plane of medialization, preserving an approxi-
mately 3 mm strip of material along the indicated 
line (Figs.  64.19  and  64.20 ). The extreme upper and 
lower edges of the implant must be thinned consid-
erably to make the  fl anges  fl exible. This will facili-
tate easier placement of a large implant through the 
window. The A and B measurements are rechecked 
for accuracy.      

 Finally, the implant is removed from the 
holder, and the posterior 7 mm of the “slot” is 
removed from the implant (Fig.  64.21 ). The 
implant is now ready for placement.  

 The implant is placed through the window 
using two addson forceps    with teeth. The poste-
rior inferior part of the implant should be 
advanced into the paraglottic space  fi rst. 

  Fig. 64.19    Removal of silastic using a 15-blade       

  Fig. 64.20    Sculpting the  fi nal implant contour. Note the 
line of medialization is at the inferior aspect of the medi-
alization zone       

  Fig. 64.21    Posterior 7-mm slot is removed from the 
implant to allow placement       

  Fig. 64.18    Medialization should only occur within the 
“medialization zone” indicated. The implant material 
above and below this zone is strictly used as  fl anges to 
hold the implant in place       
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 Once the implant is in place, the patient’s voice 
should be rechecked, and the laryngoscopic image 
should be observed to insure that the medialization 
recreates what was achieved with the depth gauge. 
If the voice sounds “pressed” or “strained,” the ante-
rior portion of the implant should be grasped and 
pulled out of the window slightly. If this improves 
the voice, then there is too much medialization ante-
riorly, and the implant should be removed, and 
reduced an appropriate amount. On the other hand, 
if the voice sounds breathy, the implant can be dis-
placed at the posterior aspect of the window. If the 
voice improves, an implant with a greater depth of 
medialization may be necessary. The excess implant 
lateral to the thyroid ala is then trimmed to make it 
 fl ush with the cartilage (Fig.  64.22 ). The implant is 
then secured to the thyroid cartilage with permanent 
sutures (4.0 prolene) around the inferior “strut” of 
cartilage (Fig.  64.23 ). Hemostasis is obtained and 
all layers are closed including outer perichondrium, 
strap muscles, platysmal, and skin. In general, a 
drain is not necessary, but may be placed depending 
on the surgeon’s preference.   

 Postoperative care after medialization is as 
follows:

   Overnight 23 h observation  • 
  Pain management  • 
  IV steroids at q8 h intervals (Decadron 8 mg, • 
then 4 mg)  
  Elevation of the head of bed  • 
  A return to clinic is scheduled 2–4 weeks after • 
surgery  
  In general, the patient’s voice is poor within • 
6–8 h after surgery due to edema    
 Complications/Common Surgical Errors can 

occur. A common mistake includes medialization 
too far superiorly within the window. In this 
instance, the indwelling laryngoscopic image will 
show a medialized false vocal fold or bulging of 
the ventricular mucosa — sometimes a subtle 
 fi nding. Another common mistake is excess medi-
alization of the anterior commissure. In this case 
the voice has a distinctive “pressed” or “strained” 
quality. Implant extrusion or exposure is another 
potential complication. Implant extrusion proba-
bly arises due to unrecognized tear in the ventricu-
lar mucosa and soiling of the wound with 
respiratory secretions. The implant may extrude 

through the skin incision or into the airway, possi-
bly precipitating an airway foreign body emer-
gency. Securing the implant with sutures 
signi fi cantly reduces the risk of this complication. 

 Yet another complication is undermedializa-
tion. This probably occurs when excessive edema 
of the vocal fold occurs prior to placement of the 
implant. The patient is noted to have an excellent 
voice interoperatively when the implant is placed, 
but the voice begins to fade 1–2 weeks postopera-
tively, as the edema resolves. In cases where a 
prolonged period of time elapses between the 
opening of the window, and  fi nal placement of 

  Fig. 64.22    Trimming of excess implant       

  Fig. 64.23    Securing the implant to the lower strut with 
two 4–0 prolene sutures       
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the implant, one must anticipate the vocal fold 
will be slightly overmedialized, and the voice 
slightly strained to account for this edema. 

 Most outcomes studies for ML have focused on 
improvement in the voice, but a study by Flint et al. 
showed that approximately 70 % of patients with 
vocal fold paralysis and PEG tube dependency 
were able to be advanced to oral alimentation after 
ML  [  4  ] . More study in this area is needed.  

   Arytenoid Adduction 

   Fundamentals of Arytenoid Adduction 

 Arytenoid adduction (AA) is used in the treatment 
of glottal insuf fi ciency  [  5  ] . Unlike medialization 
larygnoplasty, AA, acts through direct traction on 
the arytenoid cartilage at the muscular process, 
mimicking the action of the lateral cricoarytenoid 
muscle. Arytenoid adduction is an important adjunct 
in selected cases of vocal fold paralysis. The physi-
ologic effects of AA include the following  [  6,   7  ] :

   Lowers the position of the vocal process  • 
  Medializes and stabilizes the vocal process  • 
  Rotates the arytenoid cartilage    • 
 In patients with VFP who have a lack of vocal 

process contact during phonation (large posterior 
gap), shortened immobile vocal fold, and those with 
vocal folds at different levels, AA should be consid-
ered in addition to ML. Videostroboscopy often pro-
vides valuable information about vocal process 
contact, vocal fold height and length, and therefore 
is useful preoperatively in assessing whether a 
patient may need an AA. A maximal phonation time 
(MPT) of less than 5 s has also been identi fi ed as a 
predictor of the need for AA in cases of VFP  [  8  ] .  

   Indications 

 Unilateral vocal fold paralysis, especially in the 
following cases:
    1.    Posterior glottic gap/lateralized vocal fold 

during phonation  
    2.    Vertical height differences (generally the para-

lyzed vocal fold is superiorly located)  
    3.    Inability to achieve good voice or swallowing 

results with ML alone       

   Contraindications 

     1.    Intact vocal fold mobility  
    2.    VFP with the chance of recovery of motion 

(“early” paralysis)  
    3.    Limited abduction of contralateral vocal fold      

   Surgical Procedure  [  1,   9  ]  

 Arytenoid adduction (AA) is almost always per-
formed in conjunction with the ML procedures. 
In general, if the surgeon is unable to achieve 
good voice/proper correction of glottic 
insuf fi ciency, an AA is performed. At this point, 
certain additional steps are needed to help achieve 
adequate exposure of the posterior laryngeal 
framework and arytenoid complex. A right-sided 
AA is illustrated as follows: 
 After the midline raphae are divided between the 
strap muscles, approximately 1 cm of the medial 
aspect of the sternohyoid muscle is sectioned below 
its insertion onto the hyoid. The step is necessary to 
improve posterior exposure of the laryngeal frame-
work for AA (Fig.  64.24 ). Unlike in the ML proce-
dure, the outer periochondrial  fl ap is extended all the 

  Fig. 64.24    Partial division of sternohyoid muscle 1 cm 
below its insertion       
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way to the posterior border of the thyroid ala. The 
outer perichondrium is incised with a 15-blade along 
the posterior border of the cartilage to prevent eleva-
tion of the inner perichondrium on the medial side of 
the thyroid ala. The incision is continued to the level 
of the superior cornu above and the inferior cornu 
below (Fig.  64.25 ). The surgical plane of the medial-
ization window (paraglottic space) is then connected 
to the posterior laryngeal dissection, so that there is 
one continuous surgical plane. A cottle or freer ele-
vator is used to achieve this (Fig.  64.26 ). A skin hook 
is placed on the posterior border of the cartilage to 
aid in posterior retraction. Access to the arytenoid 
can then be achieved with one of two methods.     

   Creation of a Window in the Posterior 
Thyroid Ala 

 A window of cartilage is removed from the poste-
rior border of the thyroid cartilage using a 2-mm 
Kerrison rongeur. The cartilage is removed until 

the muscular process of the arytenoid is palpable 
and the anterior extension of the pyriform sinus 
can be visualized (Fig.  64.27 ). The size of the 
window ranges from 10 to15 mm in height and 
extends approximately 10 mm anteriorly, although 
the dimensions vary. The posterior aspect of this 
window should be located on the same level of the 
anterior window. It is important not to allow the 
anterior and posterior windows to “connect,” as 
this will likely lead to framework instability.   

   Separation of the Cricothyroid Joint 

 Another way to gain exposure is by separation of 
the cricothyroid joint along with lateral thyroid 
ala retraction. A small dissection scissor 
( tenotomy) is used to separate the cricothryoid 
joint. Skin hook retractors are placed, and the 
thyroid ala is gently retracted laterally. Often, 
additional muscular or perichondrial attachments 
along the inferior and superior cornu must be 
divided to facilitate lateral alar retraction 
(Fig.  64.28 ). The pyriform sinus mucosa must be 
identi fi ed and retracted posteriorly before the 
muscular process of the arytenoid is identi fi ed. 
Great care must be taken with this step to 
avoid perforation of this delicate mucosa. The 
pyriform mucosa can be seen extending anteri-
orly onto the posterior cricoarytenoid (PCA) 
muscle. To aid in its identi fi cation, the patient 
is asked to blow against pursed lips (blow out 
the birthday candles), which results in distension 
and easy identi fi cation of the pyriform mucosa. 

  Fig. 64.25    A posteriorly based  fl ap is separated away 
from the posterior cartilaginous border       

  Fig. 64.26    The paraglottic space is connected between 
the posterior cartilage border and the ML window       

  Fig. 64.27    Posterior “cookie-bite” window is created 
with a Kerrison ronguers       
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The mucosa is grasped and dissected posteriorly, 
using blunt dissection with a Kitner dissection 
instrument (Fig.  64.29 ). The pyriform can then 
be shielded under a Sewell retractor (Fig.  64.30 ). 
The muscular process must then be identi fi ed 
using a number of landmarks.    

 The muscular process is usually at the same 
vertical height of the vocal fold and found by 

tracing the  fi bers of the PCA muscle anterior/
superiorly to its tendinous insertion (Fig.  64.31 ). 
The muscular process is small (about the size of 
a grain of rice), but can be palpated. In addition, 
if the CT joint is separated as in step 5B, this can 
be used as a nearby landmark, as the muscular 

  Fig. 64.28    Alternately, the CT joint can be divided for 
posterior exposure       

  Fig. 64.29    The pyriform mucosa is dissected posteriorly 
using a Kitner       

  Fig. 64.30    Axial representation of larynx after posterior 
pyriform mucosa dissection/protection with Sewell 
retractor       

  Fig. 64.31    Muscular process of the arytenoid is 
identi fi ed       
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process can be reliably found within 1 cm above 
this point. By grasping the muscular process with 
a toothed forceps, and rotating the arytenoid 
(anteriorly), one should be able to easily rotate 
the arytenoid into a medial position while 
con fi rming this with the endolaryngeal image on 
the monitor (Fig.  64.32 ). In order to obtain a 
secure purchase on the muscular process, a 4–0 
mono fi lament suture (double armed) is passed 
through the lateral edge of the muscular process 
in a  fi gure of 8 fashion (Fig.  64.33 ).    

 Both needles are brought through the dissected 
paraglottic space into the medialization window, 

taking great care not to inadvertently catch any 
tissue with the needle tips, which could adversely 
affect the vector of pull for the AA stitch. 
Generally, the needles are passed with the dull 
end as the leading edge (Fig.  64.34 ). One of the 
needles is passed through the cartilage anterior to 
the medialization window, using a 1-mm wire-
passing drill bit if the cartilage is calci fi ed 
(Fig.  64.35 ). The other needle is passed under-
neath the inferior strut and is secured anteriorly 
through the anterior cricothyroid membrane 
(Fig.  64.36 ). The two ends of the suture are then 
marked with hemostats. The sutures are gently 
pulled anteriorly to adduct the arytenoid and the 
effect on the voice is tested by having the patient 

  Fig. 64.32    Axial representation of manual traction on 
the muscular process to demonstrate adduction of the 
vocal fold       

  Fig. 64.33    A 4–0 double armed prolene suture is passed 
through the muscular process in a  fi gure of 8 fashion       

  Fig. 64.34    Passage of the suture through the ML 
window       

  Fig. 64.35    A 1-mm wire-passing drill bit is used to cre-
ate an anterior passage for one arm of the AA suture near 
the midline       
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count from 1 to 10. In addition, at this time the 
effects of medialization, using the previously 
mentioned depth gauge instrument are tested 
both in isolation, and with the addition of tension 
of the AA suture. Once the implant is created, it 
is placed through the window, taking care to keep 
the AA suture lines deep to the implant 
(Fig.  64.37 ).     

 Finally, the AA suture tension is adjusted and 
the knot is secured over the anterior thyroid carti-
lage, again assessing the voice. In general, only a 
small amount of tension is required for this 
(Fig.  64.38 ).   

   Complications/Common Surgical 
Errors 

 Airway problems are more common with frame-
work surgery that involves AA. The additional 
retraction and dissection necessary for exposure 
and manipulation of the arytenoid complex 
results in increased paraglottic and arytenoid 
edema postoperatively. Additional corticoster-
oids may be warranted in patients undergoing 
ML + AA. 

 Pharyngocutaenous  fi stula is a possible com-
plication with AA, although it is quite uncom-
mon. Careful handling of the pyriform mucosa 
and protection of the mucosa with a retractor 
should prevent this complication. If an injury to 

the mucosa is suspected, the  fi eld can be irrigated 
and the patient instructed to valsalva. If air bub-
bles occur during this maneuver, the pyriform 
muscosa should be repaired with absorbable 

  Fig. 64.36    After successful passage of both arms of the 
AA suture through the midline       

  Fig. 64.37    Axial representation of AA sutures deep to 
ML implant       

  Fig. 64.38    Final tying of a surgeon’s knot over the mid-
line thyroid ala       
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suture, and the patient should be retested for air 
leakage. One should consider whether to proceed 
with the ML and/or AA at this point  [  9  ] . 

 Excessive tension on the AA suture can create 
over-rotation of the arytenoid and worsening of 
the voice. The tension needed on this suture is 
actually minimal in most cases; therefore the sur-
geon should err on the side of light tension on the 
AA suture.  

   Hypopharyngeal Pharyngoplasty 

 In addition to ML and AA, there is a third proce-
dure that may be added to enhance deglutition. 

   Indications and Contraindications 

 This procedure, designed by Peak Woo, is referred 
to as a “hypopharyngeal pharyngoplasty” (HPPP) 
and is best suited as an adjuvant procedure in 
cases of high vagal nerve paralysis  [  10  ] . 
Dysphagia experienced after a high vagal nerve 
injury is complicated by not only glottic incom-
petence, but also pharyngeal phase dysfunction 
including paralysis of the ipsilateral pharyngeal 
constrictors and poor relaxation of the cricopha-
ryngeus. This results in a patulous hypopharynx 
that creates a reservoir for phyarngeal sections in 
the pyriform sinus and an increased risk of aspi-

ration. The HPPP was designed to address these 
issues. 

 The ML and AA are performed in conjunction 
with a HPPP. The HPPP has two main goals: (1) 
address the paralyzed inferior constrictor muscles 
by an advancement and plication of the muscle 
anteriorly and (2) reduction of the size of the 
pyriform sinus mucosa with the goal of eliminat-
ing a potential reservoir for secretions. In addi-
tion, a cricopharyngeal (CP) myotomy in often 
performed in conjunction with the HPPP to facil-
itate opening of the CP, which often fails to relax 
as a result of CN X injuries. 

 The steps of the procedure are as follows:
    1.    A posteriorly based musculoperichondrial  fl ap 

is raised, which includes the inferior constric-
tor muscle (Fig.  64.39 ). Note that the medial-
ization window has already been created.   

    2.    The cricothyroid joint is disarticulated and the 
thyroid ala is retracted to gain access for an 
arytenoid adduction. The pyriform mucosa is 
bluntly dissected posteriorly and superiorly, 
exposing the muscular process (Fig.  64.40 ).   

    3.    A 1 × 2-cm section of pyriform mucosa is then 
resected after stapling it with an autosuture-
stapling device (Fig.  64.41 ).   

    4.    Roughly one-third of the posterior thyroid ala 
is resected (1.5 cm) (Fig.  64.42 ). This will 
allow additional tightening of the pharyngeal 
wall after plication of the musculoperichon-
drial  fl ap.   

  Fig. 64.39    A posteriorly based musculoperichondrial 
 fl ap is raised, which includes the inferior constrictor 
muscle       

  Fig. 64.40    The cricothyroid joint is disarticulated and 
the pyriform mucosa is bluntly dissected posteriorly and 
superiorly, exposing the muscular process       
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    5.    A standard ML and AA are then performed, as 
well as a CP myotomy (Fig.  64.43 ).   

    6.    The musculoperichondrial  fl ap is then 
advanced anteriorly and secured to the thyroid 
ala with permanent sutures (Fig.  64.44 ).      

 The purpose of the HPPP is to increase the intra-
bolus pressure, reduce pooling in the pyriform 
sinus, and increase the rate of hypopharyngeal 
transit, particularly in patients with high vagal 
injuries. According to Mok et al.  [  10  ]  in a retro-
spective review, the HPPP in conjunction with 

  Fig. 64.41    1 × 2-cm section of pyriform mucosa is then 
resected with an autosuture-stapling device       

  Fig. 64.42    A portion of the posterior thyroid ala is 
resected       

  Fig. 64.43    CP myotomy is carried out. Note that ML and 
AA have already been completed       

  Fig. 64.44    The musculoperichondrial  fl ap is then 
advanced anteriorly and secured to the thyroid ala with 
permanent sutures       
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ML and AA resulted in subjective and objective 
improvement in swallowing in 7 out of 8 subjects, 
 fi ve of which progressed to unrestricted diets. All 
of the patients had high vagal injuries and 3/8 had 
multiple cranial nerve involvement. 

 Although it adds potential additional morbid-
ity, the HPPP is a useful surgical adjunct in care-
fully selected patients with high vagal injuries 
and severe dysphagia.       
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  Abstract 

 In patients with chronic severe aspiration and recurrent pneumonia often a 
strict percutaneous endoscopic gastrostomy (PEG) feeding policy, a total 
laryngectomy, or any other type of permanent anatomical or functional 
separation of airway and digestive tract, is performed. However in selected 
cases it is possible to preserve or restore oral intake with a functional lar-
ynx by a laryngohyoid suspension procedure in combination with a UES 
myotomy. This procedure should be considered if aspiration is caused by 
a combination of de fi cient deglutitive laryngeal elevation and anterior 
movement, lack of pharyngeal constrictor activity, and insuf fi cient open-
ing of the esophageal inlet. 

By suspending the laryngohyoid complex antero-cranially to the man-
dible the airway is pulled away from the bolus and is partially covered by 
the epiglottis diverting the bolus around it. The repositioning of the laryn-
gohyoid complex also pulls the esophageal inlet open providing better 
drainage in the esophagus and less chance of aspiration from stasis.  

  Keywords 

 Laryngohyoid suspension  •  Life-threatening aspiration  •  Preservation 
laryngeal function  •  Surgical treatment  •  Restoration oral intake         
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    Introduction 

 Once dysphagia has lead to chronic aspiration 
and/or recurrent pneumonia, this condition can 
no longer be quali fi ed as “merely” a troublesome, 
socially debilitating and quality of life diminish-
ing nutritional problem, but in addition to all this 
the patient is now also facing a potentially life-
threatening condition. Often in such circum-
stances one of the  fi rst measures taken will 
include a strict tube feeding nutritional regimen, 
either by means of a nasogastric tube or a percu-
taneous gastrostomy (PEG) tube. This will how-
ever not always result in complete abolishment of 
the chronic aspiration, because the production of 
saliva and the need to swallow this saliva will still 
continue. Life time tube feeding is often consid-
ered unacceptable by many patients; therefore 
other means to prevent chronic aspiration and 
restore the ability for oral intake have been sought 
over the years. Such other means will entail sur-
gical intervention; of course, the procedure will 
depend on the patient’s disease or disorder under-
lying their dysphagia. 

 In cases of dysphagia with mild aspiration as a 
result of diminished pharyngeal constrictor activ-
ity, upper esophageal sphincter (UES) dysfunction, 
or laryngeal (and/or pharyngeal) hemiparesis, pro-
cedures that include UES myotomy, laryngeal 
framework surgery, and partial pharyngectomy can 
have a very successful outcome for the patient. 

 If, however, the aspiration is more severe, the 
laryngeal elevation and anterior movement during 
the pharyngeal phase is de fi cient, laryngeal sensa-
tion is diminished, or the coordination of degluti-
tion is inadequate, more drastic procedures will 
usually be required to enable a safe oral intake 
without aspiration. The most drastic procedures 
involve total laryngectomy, or some other type of 
intervention resulting in a permanent anatomic 
separation of airway and digestive tract, with the 
invariable loss of normal voice and respiration. 

 In between the above-mentioned surgical 
interventions for mild aspiration and the latter 
procedures described with more drastic 
 consequences there is a need for a surgical proce-
dure which, despite more severe aspiration and 

oropharyngeal dysphagia, the aim is for preserva-
tion of voice, respiration, and restoration of oral 
intake or at least the prevention of aspiration of 
saliva. Such a procedure is the laryngohyoid sus-
pension, which is invariably combined with an 
open UES myotomy. This procedure should espe-
cially be considered if aspiration is caused by a 
combination of de fi cient deglutitive laryngeal 
elevation and anterior movement, lack of pharyn-
geal constrictor activity, and insuf fi cient opening 
of the esophageal inlet. 

 The reason why UES myotomy alone is often 
insuf fi cient to prevent aspiration is easy to under-
stand given the fact  [  1  ]  that the most important 
factor responsible for opening of the esophageal 
inlet in normal deglutition is not relaxation of the 
UES, nor passive opening as a consequence of 
the propulsion of the bolus being pushed down-
ward by the peristaltic contraction of the pharyn-
geal constrictor muscles, but deglutitive laryngeal 
elevation and anterior movement (Fig.  65.1 ). 
Because the UES is attached to the larynx, ante-
rior and cranial displacement of the larynx during 
the pharyngeal phase of the swallowing act results 
in opening of the esophageal inlet. Simultaneous 
relaxation of the UES facilitates the opening of 
the esophageal inlet, and propulsive activity of 
the tongue base and of the pharyngeal muscula-
ture improves the passage of the food bolus.  

 In addition to being the most important factor 
in opening of the esophageal inlet and thus facili-
tating rapid and complete passage of the food 
bolus, the anterior and cranial displacement of 
the larynx also results in other mechanisms that 
help to protect the airway from aspiration:
    1.    The larynx is pulled out of the way of the food 

bolus’ path  
    2.    The epiglottis is lowered over the laryngeal 

entrance protecting the airway  
    3.    The larynx is pulled under the base of the 

tongue, thus providing a partial cover of the 
laryngeal inlet     

 Such a situation can be obtained surgically by 
means of a laryngohyoid suspension, in which 
the larynx is permanently  fi xed in the position 
that would normally be obtained during the pha-
ryngeal phase of swallowing. True and false vocal 
fold closure is not necessary for the success of 
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this surgical procedure but would provide a better 
outcome. 

 Laryngohyoid suspension or laryngeal suspen-
sion has been described several times in the past 
 [  2–  7  ]  as an integral part of major ablative surgery 
with loss of the mandibular-hyoid integrity or 
extended partial laryngectomy to restore the conti-
nuity between the laryngeal-hyoid complex and the 
mandible and/or  fl oor of the mouth musculature. 

 Employing this procedure as one of the surgi-
cal options for severe aspiration is less well 
known  [  8–  11  ] .  

   Procedure Laryngohyoid Suspension 

   Aim of Procedure 

 The primary aim of the laryngohyoid suspension 
in combination with the UES myotomy is pre-
vention or reduction of aspiration of saliva as 
well as food or drink, while maintaining normal 
laryngeal function. Secondarily, dysphagia may 
be positively in fl uenced by the permanent open 
esophageal inlet, but since the mechanism for 
bolus propulsion is not improved, complete nor-
malization of deglutition is not feasible.  

   Indication 

 Patients are considered eligible for laryngeal sus-
pension and a UES myotomy procedure on the 
basis of all of the following three factors:
    1.    Long-standing history of severe aspiration or 

recurrent aspiration pneumonia  
    2.    Failed extensive nonsurgical swallowing 

rehabilitation  
    3.    Video fl uoroscopic examination or endoscopic 

examination of the function—swallowing 
drinks or food—demonstrating severe aspira-
tion as a result of severely impaired pharyn-
geal constrictor muscle or tongue base activity, 
incomplete UES opening, and impaired laryn-
geal elevation/anterior movement during the 
pharyngeal phase of swallowing (Fig.  65.1b )      

   Contraindication 

 Patients are considered ineligible for laryngeal 
suspension and a UES myotomy procedure on 
the basis of all of the following  fi ve factors:
    1.    Poor general condition with high anesthesio-

logical risk  
    2.    Airway compromise  

  Fig. 65.1    Schematic presentation of normal deglutition. 
( a ) Oral phase of deglutition. Note low position of larynx. 
( b ) Early pharyngeal phase of deglutition. Masticated 
solid food is collected in the valleculae during respiration 
without risk of aspiration. When the bolus touches the 
Pharyngo-epiglottic folds, the swallowing act is triggered. 
Only hasty eaters will jump over this phase of bolus col-
lection. When drinking this phase of collection in the val-
lecula is also skipped. That’s why simultaneous respiration 

while drinking is not possible. Note anterior and superior 
displacement of hyoid and descending propulsive activity 
of constrictor pharyngeal muscles during deglutition. 
( c ) Late pharyngeal phase of deglutition. Note anterior 
and superior displacement of larynx, in protected position 
under base of tongue; epiglottis tilted over laryngeal 
entrance; opened esophageal inlet; and pharyngeal 
 constrictor muscle + tongue base propelling bolus in 
esophagus       
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    3.    Severe gastroesophageal re fl ux or lower 
esophageal sphincter (LES) insuf fi ciency  

    4.    Rapid progressive neuromuscular disease  
    5.    History of radiochemotherapy involving lar-

ynx and mandible with severe  fi brosis       

   Preoperative Workup 

 To determine the eligibility for laryngohyoid sus-
pension the following workup is required:

   Laryngeal function: to determine by means of  –
videolaryngostroboscopic examines the motil-
ity during phonation and respiration  
  Regarding deglutition:   –
  Video fl uoroscopy (Fig.   – 65.2 ) to determine the 
closure of the rhinopharynx, the laryngohyoid 
movement, the movement of the tongue base, 
the pharyngeal contraction wave, the UES 
opening, and the aspiration.   
  Functional  fi beroptic evaluation of swallow- –
ing. The aim is to determine the function of 
the pharynx, the larynx, and the UES; the 
upper digestive tract; and the bolus-transport 

without radiological overlapping of different 
structures (pooling in the hypopharynx and 
aspiration).  
  Esophageal and pharyngeal manometry: to  –
measure the tonicity, to determine contraction 
and relaxation of UES and LES, as well as the 
propulsion of the esophagus.  
  On indication, e.g., positive history of GER or  –
insuf fi ciency of LES on manometry, 24-hour 
double-probe esophageal pH-metry (if neces-
sary with impedance registration) to exclude 
preexisting re fl ux.  
  Esophagoscopy to exclude strictures or other  –
pathology in UES or LES.  
  In case of history of airway compromise:  –
assessment of the airway and pulmonary 
function.     

   Patient Counseling 

 Often patient expectations can be unrealistic. It is 
therefore essential that the patient is aware that 
the laryngohyoid suspension does not result in 

  Fig. 65.2    Preoperative and postoperative video fl uoros-
copy.  Asterisks —body of hyoid bone. ( a ) Video fl uoroscopic 
frame shows aspiration ( white arrow ) in mid-pharyngeal 
phase in the situation before laryngeal suspension and 
UES myotomy. Note absent pharyngeal constrictor activity 
and absent laryngeal elevation. Distance between anterior 

commissure of vocal folds and mandible depicted by  black 
arrow . ( b ) Video fl uoroscopic frame in late pharyngeal 
phase after laryngeal suspension and UES myotomy shows 
no aspiration. Note position of suspended larynx and epi-
glottis. Distance between anterior commissure of vocal 
folds and mandible ( black arrow ) much shorter than in A       
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normal deglutition. Therefore the following 
issues are discussed during patient counseling:

   Emphasize that the goal of the procedure is  –
not to normalize the swallowing act, but to 
prevent life-threatening aspiration with pres-
ervation of a functional larynx.  
  The reported long-term success rate (in lim- –
ited patient series) is between 50% and 60%. 
(Success meaning oral intake without the need 
for tube feeding, but with possible adjustments 
in food consistency).  
  Should the outcome of the procedure be unsuc- –
cessful, in the sense that aspiration is inade-
quately addressed, other solutions such as tube 
feeding or surgical procedures involving ana-
tomical separation of the aerodigestive tract 
remain possible options.  
  Minor aspiration may still occur.   –
  Temporary tracheotomy is required to  –
secure the airway during the  fi rst postopera-
tive days.  
  In fl ux of air in the esophagus during inspira- –
tion is possible because the UES is in a 
 permanent open position and may result in 
belching.  
  The UES as barrier against re fl ux and regurgi- –
tation is no longer functional; therefore it is 
advisable not to lie down within 2 h following 
meals.  
  The anterior laryngeal position following lar- –
yngohyoid suspension may make it dif fi cult 
for an anesthesiologist to visualize the larynx 
for intubation.  
  Swelling of the submental area is an esthetic  –
consequence of the high position of the 
larynx.  
  Usual head and neck surgical risks including  –
hemorrhage and infection.     

   Surgical Procedure 

 The surgical procedure includes orotracheal 
 intubation as a means of administering general 
anesthesia. The patient’s head is initially in 
retro fl exion, at the moment the laryngohyoid 
complex is suspended from the mandible the 
head is put in ante fl exion. 

   Skin    Incisions and Exposure of UES 
and Larynx 

 A U-shaped incision is made along the anterior 
border of the sternocleidomastoid muscle bilater-
ally and the horizontal part of the incision approx-
imately 2–3 cm above the sternum. The upper 
part of the incision is taken up to the level of the 
hyoid. A skin-platysma  fl ap is developed in cra-
nial direction all the way up to the submental 
area. The strap muscles of the larynx and hyoid 
are exposed and transected just below the larynx, 
including the omohyoid muscle and if necessary 
also the superior thyroid artery, in order to achieve 
a good exposure and freedom to elevate the lar-
yngohyoid complex later on. 

 A horizontal submental skin incision is made 
through which the mandible can be approached, 
thus avoiding the need for a more extensive visor 
 fl ap or degloving approach (Fig.  65.3 ).  

   Open UES Myotomy 

 The technique for open UES myotomy has been 
described in one of the previous chapters and will 
not be repeated here. The sole remark to be made 
here is that we generally prefer the use of an 
in fl atable balloon within the UES lumen and a 
“leak test” at the end of the procedure  [  12  ] .  

   Approximation of Thyroid Cartilage 
and Hyoid Bone 

 The crucial point is to make sure that all strap 
muscles have been severed (including the 
omohyoid muscles) below the level of the thyroid 
cartilage to prevent muscular down-pull later on. 

 The thyroid cartilage and hyoid bone are 
approximated by two mattress sutures on each side, 
one of strong but resorbable material Vicryl size 0 
(Ethicon, Somerville, New Jersey, USA) to with-
stand the initially strong traction forces and the sec-
ond of permanent polytetra fl uoroethylene 
(Gore-Tex; Gore Medical, Newark, Delaware, 
USA) sutures size CV-2. All stitches on the thyroid 
cartilage are made in the supraglottic part of the 



934 H.F. Mahieu et al.

thyroid cartilage, staying well above the vocal fold 
line, yet taking a suf fi cient large bite of cartilage to 
decrease the risk or the suture tearing through the 
cartilage. In strongly calci fi ed larynges it may be 
necessary to use a drill to perforate the thyroid. 

 The  fi rst stitch on the thyroid cartilage (either 
Vicryl or Gore-Tex) is made inside-out several 
millimeters in front of the oblique line on the 
 thyroid. The stitch is then passed (inside out–out-
side in) through a 2 mm thick sheet of poly-
tetra fl uoroethylene (Gore-Tex; Gore Medical, 
Newark, Delaware, USA) to prevent rupturing of 
the thyroid cartilage. A few millimeters from the 
anterior border of the thyroid the stitch is then 
passed outside in through the thyroid ala. The 
stitch is then passed around the body of the hyoid 
bone, passing from the front to the back. All four 
sutures 2 Vicryl and 2 Gore-Tex are performed in 
this way. Before tying the sutures over the hyoid 
bone and thus approximating the thyroid and the 
hyoid, 2 Ethibond size 1 sutures (Ethicon, 
Somerville, New Jersey, USA) are passed behind 
the body of the hyoid, to later suspend the thyro-
hyoid complex from the mandible. The four thy-
ro-hyoid sutures can now be tied creating a  fi rmly 
interconnected thyro-hyoid complex. Do not cut 
the sutures at this moment but leave them long for 

the time being. Further anterior displacement and 
cranial displacement will follow the suspension of 
the thyro-hyoid complex from the mandible.  

   Suspension of Thyro-Hyoid Complex 
from Mandible 

 In order to be able to suspend the thyro-hyoid 
complex from the chin, two holes are drilled in the 
mandible just posterior to the angle of the chin 
and anterior to the foramen of the mental nerve. 
These holes should be suf fi ciently large to enable 
the passage of both ends of the ethibond sutures as 
well as the Gore-Tex sutures which are attached to 
the thyro-hyoid complex. The Vicryl sutures will 
only be used in case one of the other sutures 
breaks. Drilling of the holes should be done 
slightly oblique downwards and in the anterior 
direction from the lateral surface of the mandible, 
in order to facilitate the passage of the sutures. 
Sometimes a hollow needle is required to pass 
both ends of the sutures through the drill holes, 
one from inside out and the other from  outside in. 
The head should now be put in ante fl exion and an 
assistant should manually support the suspension 
of the laryngohyoid  complex (Figs.  65.4–  65.6 ).  

  Fig. 65.3    Skin incisions ( a ) lateral view ( b ) frontal view       

a b 
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  Fig. 65.5    Approximation of thyroid cartilage and hyoid 
bone. Before ( a ) and after ( b ) approximating the thyroid 
and hyoid with the sutures. The  white arrow  indicates the 

thyroid notch and the  black arrow  the sheet of 
polytetra fl uoroethylene (Gore-Tex; Gore Medical, Newark, 
Delaware, USA)       

  Fig. 65.4    Schematic presentation of UES myotomy and 
laryngeal suspension procedure. ( a ) UES myotomy per-
formed; thyrohyoid approximation by 0-Vicryl and Gore-
tex sutures tied as mattress sutures over Gore-tex bolsters 
on thyroid cartilage and around body of hyoid bone. 

( b ) Thyrohyoid complex suspended to mandible by 
0-Ethibond and Gore-tex sutures, which have been passed 
around body of hyoid bone and through holes drilled in 
mandible       
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   Tracheotomy 

 The tracheotomy should be performed, through a 
separate skin incision, with the larynx held in the 
high position. The tracheotomy will support the 
high positioned larynx during the  fi rst days. The 
oro-tracheal tube can then be replaced by a tra-
cheal cannula.  

   Endoscopy 

 Before making the suspension permanent it is 
advisable to perform an endoscopy either with a 
 fl exible scope or with a 70° angled scope to eval-
uate the situation in the larynx. If the arytenoids 
are  fi rmly pulled into the base of tongue, the sus-
pension is probably too tight. The epiglottis will 
close the laryngeal entrance during inspiration. In 
this case the sutures to the mandible have to be 
slightly released. Fine-tuning of the larynx posi-
tion under endoscopic view is necessary. Before 
the local edema starts, a test with spontaneous 
respiration passing a de fl ated cuff might be help-
ful. The aim is to decannulate after several days. 
Be aware that the patient is under muscle relax-

ation and that the base of tongue will passively 
drop down and backward, so do not misinterpret 
a consequently blocked laryngeal entrance as a 
too tightly suspended larynx. The difference 
between both conditions is that in the latter situa-
tion you can lift the base of tongue slightly and 
pass into the larynx with a scope or probe. Within 
the  fi rst days, the sutures will become slightly 
slacker anyway because of slight tearing into the 
cartilage and remaining musculature around the 
hyoid and this will create a larger laryngeal 
entrance. The suspending sutures on the mandi-
ble can be tied permanently at this point in the 
procedure.  

   Feeding Tube Placement 

 If the patient does not have a PEG it is wise to 
insert a nasogastric feeding tube before closure 
of the neck. The feeding tube can be carefully 
guided through the pharynx and UES by exter-
nal palpation and gentle pressure of the sur-
geon’s  fi nger in the opened neck. At this point, 
the neck can be closed and a vacuum drain left 
in place.   

  Fig. 65.6    Suspension of the larynx. ( a ) The thyroid car-
tilage has already been approximated towards the hyoid 
and therefore already higher located in the neck. 
( b ) Pulling at the suspension sutures towards the mandible 
results in further displacement of the larynx anterocrani-

ally. Note that the head is still in retro fl exion. Changing 
the head position to ante fl exion will further reduce the dis-
tance between chin and laryngohyoid complex. The lar-
ynx will then disappear under the skin  fl ap       
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   Postoperative Protocol 

 The protocol followed postsurgically includes a 
strict nonoral intake policy for the  fi rst four postop-
erative days. Swallowing rehabilitation under guid-
ance of specialized Speech Language Pathologist 
starts on the  fi fth postoperative day if no signs of 
perforation or local infection have occurred. In the 
 fi rst days of the rehabilitation process, edema can 
interfere with swallowing but prolonged delay of 
swallow training is not considered favorable 
because of the possible development of local 
 fi brosis and consequently stenosis of the UES. 
Patients are discharged from the hospital after a 
safe and adequate oral intake had been achieved. If 
they failed to accomplish safe oral intake despite 
extensive postoperative swallowing rehabilitation, 
PEG feeding or adequate dietary adjustments may 
be necessary to ensure safety at home. 

 The cuffed tracheacannula is usually replaced 
after 2 days for a cannula without cuff. If the can-
nula can be occluded for 48 h consecutively with-
out dyspnea, the cannula is removed and the 
tracheotomy opening is closed. As long as a 
nasogastric feeding tube is in place, proton-pump 
inhibitors are prescribed.      

   Postoperative Evaluation 

 The recovery period and the required period of 
intensive swallowing rehabilitation is dependent 
upon the progress made and the nature of the under-
lying disease. Before discharge, a video fl uoroscopy 
and usually a functional  fi beroptic evaluation of 
swallowing is performed to evaluate possible aspi-
ration. To assess the patient’s laryngeal function a 
videolaryngostroboscopy is performed. 

   Description of Patient Outcomes from 
Personal Series of First Author (HM) 

 In the period 1996 to 2007, 19 patients who were 
evaluated in for dysphagia were eligible for laryn-
geal suspension in combination with an open 
UES myotomy procedure. The patient group 

included 13 men and 6 women, with a mean age 
of 55.8 years (range, 21–78 years). Fifteen 
patients were unable to manage any oral intake 
and were completely feeding tube dependent 
(PEG or nasogastric). The other four had chosen 
to remain on oral nutrition despite several epi-
sodes of aspiration pneumonia. 

 Preoperative manometry was performed in 15 
patients; two patient refused manometry, and the 
manometric examination failed in two others 
because the catheter could not be tolerated. 
Absence of pharyngeal contraction was noted in 
the manometric registrations of all patients but 
one. The only patient who had weak but mano-
metrically de fi nable pharyngeal contractions  fi rst 
underwent UES myotomy, which failed to pre-
vent the aspiration. Two of the 15 patients showed 
manometric signs suggestive of LES insuf fi ciency. 
Three patients had severe nocturnal episodes of 
dyspnea because of aspiration of saliva. Neither 
had any oral intake and spent the whole day spit-
ting out their saliva. Four patients had a trache-
otomy in the past combined with extensive head 
and neck cancer surgery. One patient presented 
with a persistent tracheotomy. His swallowing 
problems due to muscular dystrophy became 
apparent after general anesthesia for an elective 
mandibular surgery. This procedure was per-
formed in combination with a tracheotomy. 

 The cause of the dysphagia was muscular 
dystrophy or myositis in four patients; muscular 
atrophy as a late sequelae of radiotherapy in four 
patients; intracranial, central nervous system, and/
or skull base surgery in six patients; and extensive 
head and neck cancer surgery in combination with 
radiotherapy in  fi ve patients (see Table  65.1 ).   

   Outcome Measure 

 The outcome was considered a complete suc-
cess, a partial success, or a failure. A complete 
success meant that a patient was able to totally 
ful fi ll his or her nutritional needs by oral intake 
without clinically signi fi cant aspiration. A par-
tial success meant that oral intake without clini-
cally signi fi cant aspiration was possible but not 
suf fi cient for nutritional needs and that PEG 
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feeding was still required for adequate nutrition. 
A failure meant that there was very restricted or 
no oral intake possible without aspiration.  

   Results 

 The mean follow-up for all patients was 4.4 years 
(range, 1.2–8.0 years). The initial results after 
6 months showed complete success in nine 
patients, partial success in four patients, and fail-
ure in six patients. The long-term outcome, after 
a follow-up period of more than 1 year, was con-
sidered a complete success in ten patients (56%). 
Seven of these patients were able to have a diet 
with a normal consistency, and three were only 
able to have a diet with a modi fi ed consistency. A 
long-term partial success was seen in three 
patients (17%). These three were only able to 
have an oral diet with a modi fi ed consistency. 
One patient who was considered a short-term 
partial success after 6 months died of a third pri-
mary tumor slightly over a year after her laryn-
gohyoid suspension. Although she allegedly was 
able to get along without any nutritional support 
through her (dormant) PEG tube during her last 
months she refused further evaluation and treat-
ment following the diagnosis of her third primary 
tumor. Five patients had a very restricted or no 
oral intake at all, and their cases were considered 
failures in long-term follow-up. 

 The need to constantly spit out saliva improved 
for all patients (10) who experienced this prob-
lem preoperatively. 

 During the follow-up of patients with partial 
or complete success, two patients again devel-
oped one single episode of pneumonia without 
obvious aspiration, which was adequately treated 
with antibiotics. The other 11 patients have 
remained completely free of any sign of pulmo-
nary sequelae of aspiration. 

 Three of the  fi ve patients in whom the proce-
dure failed eventually underwent total laryngec-
tomy. Two of these were initially able to rely on 
oral intake for their nutritional needs without 
signi fi cant aspiration, but after approximately 
half a year they had recurrent episodes of aspira-
tion and septicemia. Repeated video fl uoroscopy 

was suggestive of progressive muscular dysfunc-
tion in both. The larynx was still in the elevated 
position, ruling out the possibility of slipping of 
the sutures. One patient showed progressive 
insuf fi ciency of the velum, and the other devel-
oped problems with opening of the esophageal 
inlet without evidence of mechanical obstruction 
on pharyngoesophagoscopy. 

 Of six patients who had postoperative signs of 
re fl ux, only two had shown preoperative mano-
metric signs suggestive of LES insuf fi ciency. 
These two cases are both considered failures, and 
the patients eventually underwent total laryngec-
tomy. In one of them laryngectomy had to be per-
formed, despite a markedly improved pharyngeal 
phase of swallowing after laryngeal suspension 
and UES myotomy, because the patient repeatedly 
had aspiration pneumonias from secondary aspi-
ration following gastroesophageal re fl ux. 
Postoperative video fl uoroscopy excluded primary 
aspiration. Furthermore, the aspiration pneumo-
nias recurred despite prolonged periods of strict 
PEG feeding, suggesting secondary aspiration 
from gastroesophageal re fl ux. In this particular 
case, the preoperative history had been negative 
for gastroesophageal re fl ux, but preoperative 
manometry of the LES had shown abnormally low 
LES pressure over a short segment. One of the two 
other patients who eventually underwent total 
laryngectomy also showed preoperative mano-
metric signs suggestive of LES insuf fi ciency. 

 Two of the  fi ve patients in whom the proce-
dures failed over the long term did not undergo 
total laryngectomy. Although they tolerated no 
more than a very restricted oral intake, they found 
the laryngeal suspension and UES myotomy to be 
an improvement in the sense that they no longer 
aspirated saliva and no longer needed to go around 
with a container to spit their saliva in. Both had 
PEG feeding. One of these patients had previ-
ously undergone extended horizontal laryngec-
tomy with partial base-of-tongue resection and 
postoperative radiotherapy. Although the esopha-
geal inlet was widely opened in this patient, aspi-
ration persisted because of the lack of tissue bulk 
in the base of the tongue. Augmentation of the 
base of the tongue was performed, but unfortu-
nately, this did not improve the swallowing act. 
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 In 12 patients, preoperative and postoperative 
voice range pro fi les were determined and showed 
no signi fi cant difference in dynamic or melodic 
range. 

 In three patients a second myotomy had to be 
performed to further improve deglutition, in two 
of them after 1 month and in the other after 
3.5 years. 

 All temporary tracheotomies were closed 
within 5 weeks, with the exception of two patients 
who underwent decannulation, respectively, 1 
and 4 years later, after correction for their preex-
istent impaired laryngeal mobility. Both had neu-
rosurgical causes of aspiration. 

 In one patient, the laryngeal suspension was 
overcorrected initially. At the laryngoscopic 
examination during the procedure, it was esti-
mated that suf fi cient space would still be avail-
able between the base of tongue and the 
arytenoids, but during the postoperative exami-
nation, the laryngeal inlet was seen to be com-
pletely obstructed. Initially, this obstruction was 
considered to be a consequence of postoperative 
swelling, but when after 2 weeks the patient was 
still unable to speak or block her cannula, revi-
sion surgery was performed by slightly loosening 
the sutures between the thyroid and hyoid carti-
lages. After this revision, she underwent success-
ful decannulation and regained normal phonation 
(Fig.  65.7 ).    

   Discussion 

 Various surgical procedures have been described 
to deal with life-threatening aspiration. None of 
these studies have included large numbers of 
patients. Most procedures entail a permanent 
separation of airway and food passage, resulting 
in functional de fi cits, e.g., permanent tracheos-
tomy and/or loss of normal voice. 

 Laryngohyoid suspension can  fi ll the void 
between on the one hand procedures such as 
UES myotomy preserving as much function as 
possible and on the other disruptive procedures 
such as total laryngectomy or other means of 
permanent separation of food path and airway 
which inevitably interfere with normal breathing 
and normal voice. 

 A  fl ow chart for treatment of aspiration 
without apparent anatomical cause or obstruc-
tion is presented in Fig.  65.8 . Essentially the 
 fi rst treatment strategy should be extensive 
rehabilitation by an experienced SLP trained in 
swallowing rehabilitation. If this fails, the aspi-
ration is no more than mild, and there are signs 
of UES dysfunction or constrictor pharyngeal 
weakness, a UES myotomy can be considered. 
In case of failure a larngo-hyoid suspension 
can then be considered. If the aspiration is 
more severe and a serious lack of laryngeal 
elevation and anterior movement exists, it is 
best to immediately take laryngohyoid suspen-
sion into consideration if conservative treat-
ment measures fail.  

 In case of severe  fi brosis in the neck following 
radiotherapy or radiochemotherapy and  fi xation 
of the larynx in the neck by this  fi brosis, there is 
a risk that a laryngohyoid suspension procedure 
will lead to chondronecrosis. Therefore it is prob-
ably better in such circumstances to consider 
total laryngectomy or another method of perma-
nent separation of food path and airway if conser-
vative measures fail. Also in case of overt 
gastroesophageal re fl ux pathology laryngohyoid 
suspension is not the treatment of choice because 
the expected increase of re fl ux and consequently 
possible aspiration of the re fl uxate following this 
procedure. 

  Fig. 65.7    View of larynx and esophageal inlet following 
laryngeal suspension, obtained with 90° telescope during 
spontaneous respiration. (1) Wide-open esophageal inlet; 
(2) posterior surface of cricoid plate; (3) epiglottis       
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 Laryngeal suspension is a procedure that can 
only partly compensate for the functional degluti-
tive de fi ciency and thus hopefully prevent aspira-
tion. Patients who are unable or unwilling to 
accept these uncertainties in the outcome are not 
good candidates for the procedure. To avoid unre-
alistic expectations, patients have to be made 
aware that the goal of the surgical procedure is 
primarily to prevent aspiration, and not to nor-

malize the swallowing act. Normal deglutition 
will never be obtained. Especially in patients 
who, because of loss of sensation, did not notice 
their aspiration (silent aspiration) before the 
operation, the postoperative situation can be dis-
appointing, because the propulsion of the food 
bolus is still not normalized. These patients fail 
to notice the improvement with respect to the 
aspiration.  

  Fig. 65.8    Flowchart therapeutical approach of chronic aspiration       
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   Ef fi cacy of Intervention 

 Improvement of the conditions that contribute to 
life-threatening aspiration is obtained in almost 
three-fourths of the cases following laryngohyoid 
suspension. Complete ful fi llment of nutritional 
needs through oral intake alone is realized in 
slightly more than one half of the cases. Although 
laryngohyoid suspension can by no means be 
considered minor surgery, all other surgical alter-
natives have major impact on the patient’s quality 
of life as respiratory and phonatory functions are 
sacri fi ced. These functions are preserved in a lar-
yngohyoid suspension procedure   .  

   Strength of Evidence 

 We have to realize that the strength of the evi-
dence for ef fi cacy of laryngohyoid suspension as 
a treatment to prevent aspiration is weak. This is 
a consequence of the fact that the life-threatening 
condition of severe aspiration ethically precludes 
formation of an untreated control group. 
Furthermore the relatively small number of 
treated patients and the diversity of underlying 
conditions causing the dysphagia and aspiration 
are incompatible with providing strong statistical 
evidence.  

   Summary 

 Laryngeal suspension combined with UES myo-
tomy can be considered a reasonable alternative 
to total laryngectomy or laryngeal diversion pro-
cedures in a selected group of patients with severe 
aspiration problems. Just more than half of the 
patients treated were able to restore oral intake 
with a normal or near normal diet without clini-
cally signi fi cant aspiration, but some needed a 
diet with a modi fi ed consistency and/or addi-
tional PEG feeding to ful fi ll their nutritional 
needs. The need to spit out saliva improved on all 
of those patients who experience this problem 
preoperatively 

 Overt gastroesophageal re fl ux disease 
(GERD), hiatal hernia, and other signs of LES 
insuf fi ciency should be considered absolute con-
traindications to laryngeal suspension and UES 
myotomy. This type of surgery will result in a 
permanently opened esophageal inlet, which will 
facilitate the aspiration of gastric contents. 

 For some of patients with severe aspiration, 
surgical laryngohyoid suspension in combination 
with open UES myotomy provides a less mutilat-
ing alternative than most other procedures which 
interfere with normal phonation and respiration.      
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   Introduction 

 Intractable aspiration as a result of glottal 
insuf fi ciency is a life-threatening medical condi-
tion. This can be seen in patients with progressive 
neurological disease, stroke, and head and neck 
cancer, with stroke as the leading cause in the 
United States. The clinical scenario of a neuro-
logically debilitated patient admitted to the 

medical intensive care unit with aspiration 
pneumonia is a common occurrence in modern 
day hospitals. In the United States, about 500,000 
patients suffer from cerebrovascular accident 
(CVA) every year, and among them, around 50 % 
present with some degree of aspiration on swal-
low evaluation  [  1  ] . The odds ratio of pneumonia 
after stroke is 6.5 times higher if aspiration is 
demonstrated on video swallow study. The mortal-
ity rates from aspiration in the acute stages of 
CVA have been reported to be as high as 25 %, 
with 6 % of CVA patients dying from aspiration 
pneumonia in the  fi rst year. Patients who suffer 
from multiple strokes, brainstem strokes, and 
subcortical strokes suffered the highest incidence 
of aspiration pneumonia. 
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 The clinical characteristics of severe dys-
phagia are different between adults and children. 
Adults develop and acquire medical problems 
throughout their life, and after an acute event 
such as trauma or a CVA, they may develop 
de novo swallowing dif fi culties that lead to various 
morbidities. Whereas in the pediatric population, 
patients may sustain a single insult either in utero 
or perinatally that results in numerous medical 
problems leading to dysphagia. As in the adult, 
impairment of swallow function leads to repeated 
pulmonary insults such as aspiration pneumonia 
or to micro-aspiration and chronic lung damage. 
Aspiration of organic material into the tracheo-
bronchial tree leads to several adverse effects 
described by Bartlett as the “triple threat,” that is, 
chemical pneumonitis, bacterial pneumonia, and 
mechanical obstruction of the airways  [  2  ] .  

   Airway Patency and Nutrition: 
Tracheostomy Tubes and Feeding 
Tubes 

 Patients with signs of aspiration should be evalu-
ated by a medical professional trained and spe-
cializing in the evaluation and treatment of 
swallowing disorders. In the severe patient with 
suspected life-threatening aspiration, the  fi rst 
step is to perform a tracheotomy and a percutane-
ous endoscopic gastrostomy (PEG) to protect the 
airway from further aspiration and establish 
nutritional support. The placement of a cuffed 
tracheotomy tube will help protect the airway 
from further aspiration by preventing passage of 
the secretions to the lower airways and assisting 
with pulmonary hygiene  [  3  ] . Detailed assessment 
of respiratory and swallow function is made as 
the patient’s condition allows. 

 For the selected patients, compensatory swallow 
therapy, selective use of drying agents (scopol-
amine/glycopyrrolate/botulinum toxin)  [  4  ] , diet 
modi fi cations  [  5  ] , fundoplication  [  6  ] , and proton 
pump inhibitors (PPI)  [  7  ]  may be of bene fi t in 
lessening and/or alleviating the aspiration risks. 
The choice of therapy depends on a multitude of 
factors, including the likelihood of spontaneous 
recovery, the anticipated time of recovery, the 

degree of the swallowing impairment, the 
patient’s pulmonary reserve, cognitive status, 
cooperation, medical conditions, and overall 
prognosis. However, while pharmacologic treat-
ment and placement of a tracheotomy may lessen 
the morbidity from chronic aspiration, it does 
not eliminate it  [  8  ] . Nasogastric and PEG tubes 
are commonly used to deliver nutrition directly 
into the stomach and small intestines and to 
avoid contact with the common upper aerodiges-
tive tract, averting further possible aspiration. 
However, studies have shown that aspiration is 
not totally preventable. Re fl uxate from the 
stomach may still be aspirated through the hypo-
pharynx  [  9,   10  ] . 

 Controversy continues around the impact of a 
tracheotomy on dysphagia and aspiration. Some 
argue that tracheotomies increase the risks of aspi-
ration by altering the laryngeal elevation and swal-
low re fl ex by anchoring the larynx  [  11–  13  ] . Other 
studies of trauma patients and of patients with 
head and neck cancer in the early postsurgical 
period show that a tracheotomy neither increases 
nor decreases incidence of aspiration  [  14,   15  ] . 

 The use of tracheal occlusion in reducing 
aspiration has also been controversial. Clinical 
studies have not shown that occlusion of the 
tracheotomy tube decreases aspiration in the 
early postsurgical periods in patients with head 
and neck cancer  [  16  ] . A physiologic study has 
shown that an occluded tracheotomy promotes an 
increase in subglottic pressure during swallow as 
opposed to the unoccluded tracheotomy tubes 
 [  17,   18  ] . 

 Coffman and colleagues have shown that the 
use of either continuous or intermittent subglottic 
suction in specially designed proximal suction 
tracheotomy tubes signi fi cantly decreased aspira-
tion of saliva distal to the cuff when compared to 
conventional tracheotomy tubes without the 
suction capability  [  19  ] . For ventilator-dependent 
patients, it has been shown that the risk of 
ventilator-associated pneumonia (VAP) may be 
signi fi cantly reduced with the use of intermittent 
subglottic suction drainage, from as much as 4 to 
16 %  [  20  ] . Studies of the late postsurgical period 
have actually demonstrated an increase in aspira-
tion in patients with the unoccluded tracheotomy 
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tubes  [  21  ] . Numerous theories have been postu-
lated to explain the discrepancy in early and late 
postsurgical periods, including differences in 
dysphagia over time and the progressive decline 
of the adductor laryngeal re fl exes in patients with 
prolonged tracheal intubation  [  22,   23  ] . Clearly, 
well-designed studies are needed to clarify this 
phenomenon. For practical purposes, tracheot-
omy should be considered a respiratory treatment 
and not as a tool for the management of dys-
phagia. The insertion of a cuffed tracheotomy 
tube may be considered as the  fi rst-line care of 
aspiration, but is inappropriate for long-term 
control, as prolonged use may cause tracheomal-
acia, resulting in bolus and secretion leakage into 
the bronchi.  

   Surgical Options for the Treatment 
of Vocal Cord Paralysis with Chronic 
Aspiration 

 The airway is guarded by three levels of protec-
tion: the epiglottis, the false vocal folds, and the 
true vocal folds. The latter two are controlled by 
the recurrent laryngeal nerve on the corresponding 
side and close the airway upon swallow. 

 Several surgical options are available for the 
management of chronic aspiration from vocal 
paralysis. The choice of surgical therapy is dictated 
by the level and severity of pathology resulting in 
aspiration, the severity of dysphagia, the effect on 
quality of life, the likelihood of patient recovery, 
and the patient’s preference. 

 For patients with glottic insuf fi ciency from 
unilateral recurrent laryngeal nerve or vagal nerve 
injury and poor compensation from the normally 
functioning vocal cord, a vocal fold medializa-
tion procedure may provide enough glottic com-
petence to improve the quality of voice and 
closure to prevent aspiration. 

 Popularized by Isshiki, medialization thyro-
plasty has become the standard technique for 
managing patients with a paretic vocal cord  [  24  ] . 
Several authors have demonstrated signi fi cant 
improvement in dysphagia after the de fi nitive 
intervention with medialization thyroplasty. This 
relatively straightforward laryngeal framework 

surgical procedure may provide a lasting remedy 
for dysphagia and aspiration in patients with 
permanently paralyzed vocal folds and glottal 
incompetence  [  25,   26  ] , as well as for patients 
who fail to achieve satisfactory relief from the 
less invasive medialization injections  [  27  ] . 

 Medialization injection or injection thyro-
plasty may be performed under local anesthesia, 
and as an of fi ce-based procedure. It is an alterna-
tive to the more invasive open technique laryn-
geal framework surgery and more suited to the 
debilitated patient. In this technique, a percutane-
ous or endoscopic injection of a  fi ller material is 
made into the true vocal fold to medialize the 
cord to a more midline position on the paralyzed 
side, thus allowing adequate glottal closure on 
phonation and swallow  [  28  ] . Gelfoam, hyaluronic 
acid, collagen, and methylcellulose are some of 
the materials available commercially for injec-
tion thyroplasty and may provide short-term 
relief  [  29,   30  ] . They are often utilized for condi-
tions where the recurrent laryngeal nerve is still 
intact and there is the possibility of recovery of 
function over time. Fat, fascia, and calcium 
hydroxyapatite (CaHA) are more permanent sub-
stances used and offer a longer lasting effect  [  31  ] . 

 In a report of a series of gastrostomy-dependent 
patients with glottal incompetence, 55 % were 
able to discontinue their gastrostomy tube use 
after medialization laryngoplasty, with another 
25 % who discontinued g-tube use with addi-
tional swallowing therapy  [  32  ] . For those patients 
with severe chronic aspiration and unwilling to 
lose their voice use, a bilateral medialization 
thyroplasty has been attempted and successful in 
three patients. Some patients regained the ability 
to tolerate some oral diet consistency, while all 
of the patients required a permanent tracheos-
tomy  [  33  ] . 

 Bhattacharyya et al.  [  25  ]  has demonstrated 
that approximately one-third of the patients with 
unilateral vocal fold paralysis had signi fi cant 
aspiration or penetration on video fl uroscopic 
swallowing studies. Their prospective study of 27 
patients showed improved glottal competence 
with intervention, but demonstrates no signi fi cant 
advantage when comparing medialization thyro-
plasty and injection procedures. 
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 Medialization may also be considered in 
children with aspiration and phonatory distur-
bance. In a series of 15 patients, injection laryn-
goplasty, thyroplasty, or nerve reinnervation was 
performed with good subjective outcome  [  34  ] . It 
is recommended that framework thyroplasty be 
attempted in those with greater aspiration con-
cerns and older adolescents able to tolerate a 
procedure performed under local anesthesia. 
Injection medialization is    appropriate for younger 
patients and those who have a greater chance for 
spontaneous recovery. The nerve reinnervation 
procedure is performed when there is known perma-
nent nerve injury and no chance of spontaneous 
recovery of recurrent laryngeal nerve function.  

   Surgical Options for the Treatment 
of Chronic Aspiration 

 Many disease conditions associated incidence of 
dysphagia are not amenable to these procedures 
and adjuvant treatments. Inadequate treatment 
may lead to repeated and intractable aspiration, 
and the added risks of malnutrition and life-
threatening pneumonia. Such clinical entities 
often are progressive neuromuscular disorders or 
neurological diseases, such as amyotrophic lateral 
sclerosis, stroke, and severe cerebral palsy  [  23  ] . 

 A second group of patients are those recover-
ing from treatment for head and neck malignan-
cies. Head and neck cancer patients who have 
undergone extensive surgery such as tongue 
resection, partial laryngectomy, or high-dose 
radiation therapy, especially in the era of organ-
preservation concurrent chemoradiation therapy 
(CCRT), are especially prone to developing 
severe long-term toxicities. In a recent report of a 
series of patients with advanced laryngeal and 
hypopharyngeal cancers, 23 % experienced 
signi fi cant long-term toxicity, and 8.5 % required 
permanent tracheostomy  [  35  ] . The previously 
treated upper aerodigestive tract may have 
resulted in an immobile tongue, an insensate and 
immobile larynx and pharynx, or patients may 
have had already lost the anatomical structures 
necessary for speech and swallowing function. 
Unfortunately, a signi fi cant percentage of these 

patients are totally reliant on the gastrostomy 
tube for nutrition and recovery is not anticipated 
or delayed. These patients often have very com-
plex medical and social issues that also must be 
considered in the treatment recommendations. 

 Attempts at managing glottal insuf fi ciency 
with laryngeal framework preservation have been 
described. Montgomory  [  36  ]  described in 1975 a 
glottic closure technique via an anterior thyro-
tomy approach. In this technique, the mucosa is 
stripped off the true and false cords, and the 
opposing cords are approximated using perma-
nent sutures. Others have attempted closure of 
the supraglottic larynx via an infrahyoid approach. 
In this method, the edges of the epiglottis, the 
aryepiglottic folds, and arytenoids mucosa are 
denuded and the epiglottis is then sutured back to 
the arytenoids and the aryepiglottic folds  [  37  ] . 
However, such procedures were troubled by 
dehiscence and recurring aspiration. While some 
patients may be neurologically impaired, the 
laryngeal muscles still retain some function and 
pull apart the mucosal suture lines. In an attempt 
to overcome this muscular pull and allow healing, 
preoperative botulinum toxin injections to para-
lyze the larynx and cricopharyngeus muscle 
were introduced to achieve complete laryngeal 
paralysis. The effects of neuromuscular blockade 
persist for months and allow healing of the 
sutured mucosa. In a small series of six patients, 
only one developed a small  fi stula at the posterior 
commissure  [  38  ] . This however adds to the treat-
ment complexity and time by the need of an addi-
tional procedure. 

 If the prevention of aspiration and its compli-
cations is the main therapeutic goal, the two 
operative options with optimal results are laryn-
gectomy and laryngotracheal separation (LTS). 
Total laryngectomy involves the removal of the 
larynx, thereby completely separating the upper 
digestive tract from the respiratory system, and is 
de fi nitive in eliminating aspiration. This is the 
treatment of choice for nonverbal patients with 
life-threatening aspiration and irreversible recovery 
of laryngeal function  [  39  ] . Additionally, it is an 
appropriate option for patients where multiple 
interventions to control aspiration have been 
unsuccessful and the patient’s condition is 
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deteriorating  [  40  ] . The main reason for consider-
ation of diversion procedure such as an LTS is 
essentially to allow for potential reversal surgery 
 [  41  ] . This would only be appropriate in patients 
with the potential for recovery through elimina-
tion of their aspiration risk, and return of swal-
lowing function. 

   Narrow-Field Laryngectomy 

 Cannon and McLean  [  42  ]  advocated narrow- fi eld 
laryngectomy for intractable aspiration. This pro-
cedure involves removal of the laryngeal skele-
ton, but spares the hyoid bone, strap muscles, and 
hypopharyngeal mucosa. This technique allows a 
tension-free closure, thereby minimizing  fi stula 
formation (Fig.  66.1 ).  

 Because most patients have a preexisting 
tracheotomy, a vertical incision may be made 
from the upper end of the tracheostoma to the 
hyoid bone, and the strap muscles elevated off 
the laryngeal framework at the midline to expose 
the thyroid and cricoid cartilages. The trachea 
may be transected at the  fi rst or second ring, and 
the cricoid is lifted upward and separated from 

the post-cricoid mucosa. The pharynx is entered 
at the level of the arytenoids cartilages, and a 
limited infrahyoid pharyngotomy is performed, 
preserving as much mucosa as possible. After 
the larynx is removed, the pharynx is then 
approximated together and supported with the 
strap muscles as a second layer. A permanent 
tracheostoma is formed in the usual manner. For 
some patients, an apron neck incision may be the 
incision of choice, to allow for a wider  fi eld of 
resection and primary reconstruction with a 
more acceptable scar. The horizontal incision 
also allows broader access for pedicled or free 
 fl aps to reconstruct the alimentary tract as neces-
sary. However, such invasive procedures are not 
without risks, such as increased rate of  fi stulas 
and infection. 

 In their series of patients undergoing narrow-
 fi eld laryngectomy, Krespi and Blitzer  [  44  ]  
reported that the majority were performed under 
local anesthesia and intravenous sedation. No 
 fi stula developed in these patients, and oral 
feeding began 5–11 days after the laryngectomy. 
For selected patients, tracheoesophageal punc-
ture and placement of voice prosthesis devices 
may further allow speech rehabilitation. 

  Fig. 66.1    ( a ) Narrow- fi eld laryngectomy outlined ( b ) Pharyngeal mucosa spared ( c ) Strap muscles used as second 
layer closure  [  25  ] . From G. Wisdom et al. Oper Tech Otolaryngol Head Neck Surg 1997;8:200 with permission from 
Elsevier       
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 This procedure may have speci fi c utility in 
head and neck cancer survivors who have peri-
chondritis and chondronecrosis of the laryngeal 
framework  [  45  ]  resulting from previous radiation 
 [  35  ]  or laser  [  46  ]  treatment. By removing the 
affected soft tissue and cartilage, the patients’ 
symptoms may improve signi fi cantly. However, 
cancer persistence or recurrence should always 
be considered a possibility, and extensive pre-
operative workup and operative pathology con-
trol utilized.  

   Laryngotracheal Separation 

 LTS involves the complete separation of the 
airway from the upper digestive tract. It is a more 
challenging technique than narrow- fi eld larynge-
ctomy, and is associated with more complica-
tions but has the advantage of being reversible. 

As such, it may be a more acceptable choice for 
patients or families that are unwilling to consider 
a laryngectomy for de fi nitive treatment. In 1975, 
Lindeman  [  47  ]  described a procedure in which 
the trachea is separated at the third or fourth 
tracheal ring, and the distal end brought out to the 
skin as a tracheotomy (Fig.  66.2 ). The proximal 
tracheal stump is then anastomosed end-to-side 
to the anterior esophagus. However, as many 
patients had already undergone a higher placed 
tracheotomy, Lindeman et al.  [  48  ]  later proposed 
a modi fi ed procedure where the proximal stump 
is merely sewn together in layers and the closure 
reinforced with rotated sternohyoid muscle  fl aps 
(Fig.  66.3 ). Some surgeons have found the con-
cept of maintaining a proximal blind pouch that 
is chronically  fi lled with saliva and food debris 
conceptually imprudent. Tucker  [  49  ]  later intro-
duced a procedure where both the proximal 
and distal tracheal stumps are sutured to the skin. 

  Fig. 66.2    Tracheoesophageal diversion procedure  [  29  ] . 
From G. Wisdom et al. Oper Tech Otolaryngol Head Neck 
Surg 1997;8:206 with permission from Elsevier       

  Fig. 66.3    Laryngotracheal separation procedure  [  30  ] . 
From G. Wisdom et al. Oper Tech Otolaryngol Head Neck 
Surg 1997;8:206 with permission from Elsevier       

 
 



95166 Surgical Management of Life-Threatening Aspiration

The proximal stump was passed through a split 
in the sternocleidomastoid muscle, and onto the 
neck skin. This results in a stoma that requires 
frequent hygiene for the chronic secretions. This 
can be somewhat controlled by a small stoma bag 
in some patients.   

 Krespi et al.  [  50  ]  described a technique of care-
fully removing the anterior tracheal cartilages 
from the short proximal stump, as well as the infe-
rior half of the cricoid cartilage. The more pliable 
tracheal mucosal stump is then sewn to the ante-
rior esophagotomy in the end-to-side fashion to 
allow for the diversion of secretions back to the 
alimentary tract (Fig.  66.4 ). He reported relief 
of aspiration of all  fi ve patients, and four of these 
patients were able to resume oral feeding.  

 From a series of 34 patients over a 9-year 
period, Eibling noted that with LTS, aspiration 
was effectively controlled in every patient  [  51  ] . 
Thirteen patients developed postoperative  fi stula, 
and of these, 11 resolved with conservative manage-
ment. Prior tracheotomy was associated with 

 fi stula formation, and the authors recommend 
that whenever possible, LTS be considered before 
a tracheotomy procedure to reduce the risk of a 
wound healing complication. The postoperative 
nursing care was decreased and most patients 
were discharged or transferred to a chronic care 
facility within 2–3 weeks following the LTS 
procedure. In the end, 43 % of patients were able 
to tolerate regular or liquid diet, while the rest 
required feeding with nasogastric or gastrostomy 
tube due to their underlying neurological disease. 
In a review of a series of 21 pediatric patients, 
88 % had fewer hospitalizations or were dis-
charged for the  fi rst time after their LTS  [  8  ] . The 
number of pneumonias decreased, and care 
requirements decreased in all but one patient. 
More importantly, the parents reported satisfac-
tion and improved quality of life. A subsequent 
report of 56 consecutive LTS patients over an 
18-year period showed a reduced average number 
of diagnosis related groups (DRGs) per months 
( p  < 0.001) as well as work relative value units 
(wRVUs), translating to reduced healthcare 
costs and social burden for these patients  [  52  ] . 
Transient  fi stula formation (11 %) was the most 
common complication, followed by wound infec-
tion (9 %). While most reports of complications 
were minor, a patient died from a lethal tracheo-
innominate artery  fi stula (TIAF) some months 
after the operation  [  53  ] . Juxtaposition of the 
innominate artery against the trachea is often 
seen in patients with chest deformity in the setting 
of severe scoliosis, and an alternative procedure 
should be attempted for these patients  [  54  ] . 

 In a series of seven patients, of which six 
received laryngectomy and one with LTS, all 
were able to resume oral feeding after surgery in 
an average of 18 days. Not only was the control 
of pneumonia and albumin levels improved 
signi fi cantly, the grade of depression and mood of 
patients and their families also improved signi-
 fi cantly  [  39  ] . It is important to understand that 
separation of the airway and the digestive tract 
does not necessarily mean patients will be able to 
eat orally. There is an obvious decrease in the 
proportion of patients resuming oral feeding 
with LTS than those with laryngectomy. Studies 
have demonstrated that the risk of laryngeal 

  Fig. 66.4    Modi fi ed tracheoesophageal diversion procedure 
 [  32  ] . From G. Wisdom et al. Oper Tech Otolaryngol Head 
Neck Surg 1997;8:207 with permission from Elsevier       
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penetration and aspiration in these patients may 
be due to absent laryngeal adductor re fl ex (LAR) 
and impaired pharyngeal contraction  [  55,   56  ] . 
The separation of the trachea from the larynx 
does not address this underlying problem. For 
these patients, the opening at the pharyngoesoph-
ageal segment may be further augmented by 
cricopharyngeal myotomy, dilation, or injection 
of botulinum toxin  [  57,   58  ] . Cricopharyngeal 
myotomy has been shown to normalize the upper 
esophageal sphincter relaxation pattern, thus 
allowing a more normal swallow  [  59  ] . This has 
been shown to be the more effective treatment 
modality  [  57  ]  and may be performed at the time 
of LTS surgery. 

 LTS has been proven to be a reliable solution 
to treat chronic aspiration. During the procedure, 
if the recurrent laryngeal nerves were carefully 
preserved, successful reversal of separation pro-
cedure with return in swallow and phonation has 
been reported in selected patients  [  41  ] . This 
reversal procedure is performed under general 
anesthesia. The original apron  fl ap is raised and 
both the tracheostoma and mucous  fi stula/stump 
are incised circumferentially. The ends of the 
tracheal openings are freshened and mobilized. 
Anastomosis is performed by suturing the circum-
ferential mucosa, and the closure reinforced 
with non-absorbable stay sutures between adja-
cent tracheal rings to relieve tension on the 
mucosal anastomosis. In a series of eight adult 
patients who underwent reversal of their LTS, 
the operation was successful in six  [  60  ] . Four 
patients had postoperative complications, ranging 
from mild to moderate transient aspiration in two, 
tracheal stenosis in one, and severe aspiration 
with tracheal stenosis in one. Surgical reversal 
was not successful in the last two patients. 
Patients whose surgery was successful were able 
to maintain oral feeding and comprehensible 
speech. However, the high incidence of compli-
cation and failure rates should be weighed care-
fully before committing to surgical reversal. In 
the pediatric population, severe neurological 
de fi cit and developmental delay are some of the 
major factors that preclude reversal attempts. 
Pediatric reversal procedures have only recently 
been reported in the literature. In four patients, 

only two proved to be successful. Both of these 
children can now tolerate an oral diet and their 
speech and language development is in congru-
ence with their developmental level  [  61  ] .   

   Summary 

 Detailed evaluation of dysphagia will elucidate 
conditions that may bene fi t from surgery for 
protection of the airway. It will also help identify 
patients who will potentially have signi fi cant 
improvement in their quality of life. Surgical 
separation of the airway and digestive tracts, 
such as narrow- fi eld laryngectomy and LTS, is 
appropriate for some patients but may be contro-
versial in others. Decisions should be tailored on 
an individual basis, taking into account the 
underlying disease, the neurological and medical 
comorbidities, the prognosis for recovery, and 
patient and family expectations. These surgical 
procedures, when indicated, have been shown 
to be safe and effective in the management of 
life-threatening aspiration, with a much improved 
quality of life in exchange of loss of verbal 
communication. Family bene fi ts with reduced 
medical complications, and less intense care 
requirements are signi fi cant and should be con-
sidered in the ultimate treatment decision. For 
patients whose underlying causes for aspiration 
are reversible, the LTS procedure allows the oppor-
tunity for reversal to regain laryngeal function.      
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  Abstract 

 New onset post fundoplication dysphagia is among the most signi fi cant 
potential adverse events following antire fl ux surgery. Although this occurs 
in a small number of patients, its prevention is important and largely pos-
sible. Importantly, the majority of patients with preoperative dysphagia, 
report an improvement in swallowing postoperatively. Early postoperative 
dysphagia is common and well tolerated; however, persistent or new onset 
dysphagia occurs in approximately 5–10% of patients. Patient selection, 
preoperative abnormalities and accurate construction of a short, loose fun-
doplication will help minimize the incidence of persistent postoperative 
dysphagia. Although adequate esophageal body contractility has received 
the vast majority of attention, careful study suggests that hiatal out fl ow 
resistance is among the most common reasons for new onset dysphagia. 
When persistent dysphagia causing severe dietary limitations or signi fi cant 
weight loss prompts treatment bougie dilation may be attempted, although 
its bene fi t remains untested in controlled studies. Most patients will 
improve with time. Remedial surgical correction including takedown of 
hiatal closure, reclosure and conversion to partial fundoplication may be 
occasionally necessary.  

  Keywords 

 Gastroesophageal re fl ux disease  •  Postoperative dysphagia  •  Anti-re fl ux 
surgery  •  Fundoplication  •  Dilation  •  Reoperative antire fl ux surgery      
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   Prevalence of Dysphagia in Patients 
with Gastroesophageal Re fl ux Disease 

 Dysphagia is uncommon as the primary or most 
severe symptom in patients with gastroesopha-
geal re fl ux disease (GERD). When it is the primary 
symptom, alternate diagnoses such as achalasia 
or eosinophilic esophagitis should be entertained, 
as well as a mechanical obstruction including 
stricture, neoplasm, or paraesophageal hernia. 
On the other hand, dysphagia as a component of 
the symptom complex is more common than 
often recognized, occurring in up to 40–50% of 
patients. Most studies report the prevalence of 
dysphagia proportional to disease severity, rang-
ing from 3% in uncomplicated GERD to 47% in 
patients with a re fl ux-induced esophageal stric-
ture or ulcerative esophagitis  [  3–  7  ] . 

 The presence of dysphagia is also related to 
the degree of esophageal body dysmotility asso-
ciated with GERD. Previous reports have 
identi fi ed peristaltic dysfunction with decreased 
wave amplitudes in up to 50% of patients with 
moderate to severe re fl ux-induced esophagitis. 
Díaz de Liaño and colleagues manometrically 
demonstrated the presence of peristaltic dys-
function in 71% of patients with GERD and con-
comitant symptoms of dysphagia  [  8  ] . Simi larly, 
Fumagalli et al.  [  6  ]  found dysphagia to be 
signi fi cantly more common among patients with 
altered esophageal motility (27%) than among 
patients with normal esophageal motility (7%) 
preoperatively.  

   Dysphagia and Antire fl ux Surgery 

 A large cohort of outcome studies, including 
several prospective randomized trials, con fi rm relief 
of typical re fl ux symptoms post-fundoplication 
in 80–95% of patients at follow-up intervals of 
5–10 years  [  4,   9–  12  ] . Dysphagia occurs postop-
eratively in a small proportion of patients and can 
either be persistent or new onset. The risk factors 
and causes of each of these circumstances may 
be quite different and as such, we consider them 
separately. 

   Persistent Dysphagia Post-antire fl ux 
Surgery 

 Despite the fact that antire fl ux surgery may 
induce dysphagia, in the vast majority of patients 
in whom dysphagia was present before surgery, it 
resolves following fundoplication. Reports have 
shown that up to 68% of patients with preopera-
tive dysphagia experience an improvement in 
swallowing following laparoscopic fundoplica-
tion  [  5,   12  ] . Tsuboi et al.  [  5  ]  recently demon-
strated that relief of dysphagia may be as high 
as 87%. 

 Persistent dysphagia post-antire fl ux surgery 
is likely related to factors present prior to fun-
doplication. Thus, the decision to proceed with 
surgical intervention should be based upon both 
subjective (a careful symptom assessment) and 
objective (speci fi c diagnostic)  fi ndings. Although 
adequacy of esophageal motility prior to antire fl ux 
surgery has been among the most widely of stud-
ied risk factors, there is not one but three key 
components that should be considered:
    1.    The presence of dysphagia as a preoperative 

symptom.  
    2.    Esophageal motility, including both percent 

peristalsis and contractile wave amplitudes.  
    3.    The adequacy of esophageal bolus transport.     

 The presence of dysphagia as the primary or a 
prominent symptom in a patient being considered 
for antire fl ux surgery not only deserves careful 
contemplation but should trigger the vigilant 
clinician to think twice prior to proceeding with 
surgical correction of re fl ux. When prominent, 
dysphagia should prompt either consideration of 
a nonoperative approach or an alternative opera-
tive approach, such as a partial fundoplication. 

 The presence of dysphagia prior to surgery is 
among the most signi fi cant risk factors for its 
presence after surgery. Tsuboi et al.  [  5  ]  recently 
reported a multivariate logistic regression analysis 
of 219 patients post-primary antire fl ux surgery 
identifying risk factors predisposing to dysphagia 
post-fundoplication. The presence of preoperative 
dysphagia was found to be a signi  fi cant risk factor 
for dysphagia 1 year postoperatively. Similar 
results have been reported by other groups, includ-
ing Montenovo and colleagues who reported 
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that patients with postoperative dysphagia were 
much more likely to have had dysphagia prior to 
surgery (77%) than those who had no preopera-
tive dysphagia (23%;  p <0.01)  [  7  ] . 

 Further, although abnormal esophageal motility 
in and of itself correlates poorly with the risk of 
postoperative dysphagia, the presence of abnor-
mal esophageal body contractility in concert with 
dysphagia preoperatively may indeed affect the 
risk of postoperative dysphagia. Díaz de Liaño 
and colleagues reported that patients in whom 
preoperative dysphagia persisted after surgery 
had signi fi cantly less improvement in esophageal 
body motor function as re fl ected in percent primary 
peristalsis and mean distal esophageal contraction 
amplitudes following fundoplication, when 
compared to patients in whom preoperative dys-
phagia resolved (30% versus 82%,  p  < 0.01)  [  8  ] . 
Thus, persistent esophageal dysmotility may 
account for a component of the etiology for 
persistent dysphagia postoperatively. 

 Other potential risk factors including the grade 
of esophagitis and inadequate LES relaxation 
preoperatively have been studied, with little 
evidence supporting any correlation to the inci-
dence of postoperative dysphagia  [  3,   5,   13,   14  ] . 
While manometric evidence of peristaltic dys-
function was traditionally considered a contrain-
dication to total fundoplication, numerous studies 
have failed to demonstrate that preoperative 
manometric and/or impedance  fi ndings taken in 
isolation are reliable predictors of postoperative 
dysphagia. In fact, disordered peristalsis often 
improves following fundoplication  [  5,   7  ] . As 
such, in contrast to common misunderstandings, 
the primary utility of manometry prior to anti-
re fl ux surgery is to evaluate characteristics of the 
LES and to identify patients with complete aperi-
stalsis or those with achalasia for whom other 
treatment options are preferable. 

 The third component likely predisposing to 
dysphagia post-antire fl ux surgery is the adequacy 
of preoperative bolus transport. The assessment 
of esophageal function for either solid or liquid 
bolus material is often ignored and can be dif fi cult 
to quantify. Historically it has relied on subjec-
tive assessment of barium transport when viewing 
a video esophagram or, less commonly, nuclear 

medicine esophageal emptying studies. The 
recent introduction of impedance assessment of 
bolus transport to esophageal motility studies has 
provided a more reproducible and quanti fi able 
method of assessing transport function, although 
few studies to date have related it to the risk of 
dysphagia after antire fl ux surgery. Using nuclear 
studies, Montenovo’s group reported that patients 
with worsened dysphagia postoperatively had 
lower liquid bolus clearance rates and longer liquid 
bolus transit times than patients whose postoper-
ative dysphagia was the same or improved from 
what it was preoperatively  [  7  ] . Tsuboi et al.  [  5  ]  
identi fi ed in a multivariate analysis as a risk 
factor for persistent postoperative dysphagia, 
delayed esophageal emptying on preoperative 
video barium esophagram.   

   New Onset Dysphagia Post-
fundoplication 

 Up to 70% of patients experience some degree of 
early postoperative dysphagia following fun-
doplication  [  13  ] . Persistence greater than 
6–12 months affects between 3 and 30% of 
patients, with the incidence being highly depen-
dent on measurement parameters such as dys-
phagia scoring systems, surgical techniques, and 
length of follow-up  [  3–  5,   7,   13,   15  ] . Clinically 
relevant rates, however, have been reported in the 
range of 2–6%  [  4,   6  ] . 

 Since the introduction of fundoplication into 
surgical practice by Rudolph Nissen in 1956, 
several important modi fi cations of Nissen’s orig-
inal technique, focusing on minimizing postop-
erative dysphagia, have been described. Among 
the most important was the introduction of the 
concept of a short, loose fundoplication (as com-
pared to the original snug 4–6 cm wrap) by both 
DeMeester and Donahue in the 1980s  [  3  ] . 
Furthermore, the introduction of the laparoscopic 
approach in 1991 revolutionized the surgical 
treatment of GERD, minimizing the pain and 
complications associated with open laparotomy 
and the disability of a major surgical procedure. 
Laparoscopic fundoplication is now recognized 
as the preferable surgical approach. 
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 Mechanisms responsible for early postopera-
tive dysphagia are not well understood and the 
majority has no identi fi able cause. Hypotheses 
include esophageal in fl ammation and edema 
with spasm of the esophageal wall, temporary 
hypomotility, reduced axial motion, decreased 
transit time at the LES, and impaired deglutitive 
relaxation  [  3,   7,   9  ] . The majority of these 
patients will improve with dietary advice and 
reassurance alone, usually by 2–3 months fol-
lowing surgery. 

 For symptoms persisting beyond 2–3 months, 
the precise etiology may be dif fi cult to elicit. 
Reports have shown that several detail nuances 
may be related to the incidence of new onset 
postoperative dysphagia. Whether the geometry 
or location of the fundic wrap versus persistent 
mechanical obstruction at the hiatus is responsible 
for postoperative dysphagia remains a topic of 
debate. Granderath and colleagues attempted to 
make this distinction by radiographically identi-
fying the morphologic cause of dysphagia in 50 
patients following laparoscopic fundoplication. 
The authors demonstrated that subtleties in hiatal 
closure causing either hiatal stenosis (excessively 
tight) or intrathoracic migration of the wrap 
(excessively loose) were more problematic than a 
tight, twisted, or slipped fundoplication (90% 
versus 10%, respectively), although wrap migra-
tion was more frequently seen  [  15  ] . Poor esopha-
geal body function may compound circumstances 
further, ultimately leading to surgical revision. 

   Open Versus Laparoscopic Surgical 
Approach 

 Although studies have shown that relief of GERD 
symptoms following laparoscopic versus an open 
antire fl ux procedure is comparable, some reports 
suggest that the prevalence of postoperative dys-
phagia is higher following laparoscopic when 
compared to open surgery  [  10  ] . Technical factors 
thought to be responsible include a reduced 
posterior window,  fi brosis of the esophageal 
hiatus as a result of liberal diathermy use, adhe-
sions, and faulty geometry of the wrap. 

 Limitations in the study design of the trials 
included in these series may be the fact that most 
reported early dysphagia. Rantanen et al.  [  3  ]  
reported a 3-year follow-up study of 57 patients 
with erosive esophagitis treated with fundoplica-
tion. They found a signi fi cant difference in early 
dysphagia (open 41% versus laparoscopic 67%; 
 p  = 0.05) but not long-term dysphagia (open 18% 
versus laparoscopic 20%). Further, there have 
been many trials reporting no difference or a 
nonsigni fi cant difference between the two 
approaches  [  3,   4,   10,   16  ] .  

   Adequate Fundic Mobilization 

 Many surgeons advocate division of the short 
gastric vessels to obtain greater mobility of the 
gastric fundus allowing careful construction of 
the fundoplication. Con fl icting results have been 
reported, with good outcomes reported after both 
laparoscopic and open procedures, with and with-
out division of the short gastric vessels  [  12  ] . 
Dalenbaack and colleagues demonstrated a 
signi fi cant reduction in dysphagia following 
fundic mobilization, and similar conclusions 
have been drawn by DeMeester et al. in their 
experience with fundic mobilization in 100 con-
secutive fundoplications  [  3,   16  ] . However, many 
report the construction of tension free wraps 
without the division of the short gastric vessels. 
The consensus is that the geometry of the fundopli-
cation is important, which may be improved by 
division of the short gastric vessels. Table  67.1  
indicates the range of outcomes following fun-
doplication as reported by various authors, with 
and without division of the short gastric vessels.   

   Hiatal Closure 

 Herbella et al., among others, noted accentuation 
of the esophageal anteroposterior angle follow-
ing antire fl ux surgery and hiatal repair in some 
patients. This led them to hypothesize that a long 
posterior repair may predispose to esophageal 
angulation and increase in the incidence of 
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   Table 67.1    Outcomes following fundoplication, with and w   ithout division of short gastric vessels.   

 Author  Morbidity  Length (min)  Dysphagia  Recurrence 

 DSGV  ND  DSGV  ND  DSGV  ND  DSGV  ND 

 Luostarine et al.  NR  NR  NR  NR  5/26  8/23  1/26  1/23 
 Watson et al.  7/52  6/50  95  71  15/52  17/50  3/52  5/50 
 Bloomqvist et al.  15/52  5/47  120  104  11/39  15/41  1/52  1/47 
 Chrysos et al.  2/24  3/32  100  60  4/24  5/32  1/24  0/32 
 Total  24/128  14/122  105  78  35/141  45/146  6/154  7/152 

 18.7%  11.5%  24.5%  30.8%  3.9%  4.6% 

   DSGV  Division of short gastric vessels,  ND  Nondivision. Modi fi ed from Wills et al.  [  3  ]   

 postoperative dysphagia  [  3,   13,   15  ] . Although 
plausible, most data suggest that this is an unlikely 
cause of dysphagia. The evaluation of 32 patients 
post-laparoscopic fundoplication and hiatoplasty 
in Herbella’s study revealed no signi fi cant change 
in the esophageal anteroposterior angle pre- and 
postoperatively, as well as no correlation with 
dysphagia  [  13  ] . This was subsequently con fi rmed 
by prospective randomized trials concluding that 
hiatal repair may be performed anteriorly, poste-
riorly, or a combination of both with no signi fi cant 
effect on postoperative dysphagia.  

   The Need for Bougie Placement 

 Most experts believe that postoperative dysphagia 
is reduced by calibrating the fundoplication 
around a large-caliber bougie (56–60 French), 
thus ensuring a  fl oppy Nissen. In a classic report 
of 100 consecutive patients, DeMeester et al.  [  3  ]  
showed that the prevalence of postoperative dys-
phagia was reduced when the size of the bougie 
used during fundoplication was increased from 
36 to 60 French. A signi fi cant reduction in persis-
tent dysphagia, both severity and frequency, was 
also observed by Swanström et al.  [  4  ]  when the 
use of an intraoperative 56 French bougie (17%) 
versus no bougie (31%) was compared in 171 
patients,  p  = 0.047. The potential bene fi t should 
still be weighed against the risk of bougie-related 
esophageal perforations, which have been 
reported in approximately 1% of laparoscopic 
fundoplications  [  4  ] .  

   Partial Versus Complete Fundoplication 

 Partial fundoplication has been used as an alter-
native to a 360° Nissen fundoplication with the 
intent to minimize the prevalence of postopera-
tive dysphagia, particularly in patients with 
esophageal peristaltic dysfunction. Examples 
of partial fundoplication include the posterior 
Toupet, Lind, or Guarner fundoplications; the 
transthoracic Belsey Mark IV procedure; anterior 
Dor, Watson, or Thal fundoplication; and the Hill 
repair. The rationale for this approach is the 
reduction in the resistance to bolus passage 
afforded by partial fundoplication, with a conse-
quent decrease in the risk of dysphagia. The use 
of partial fundoplication is supported by many 
studies which suggest long-term symptomatic 
improvement comparable to those following total 
fundoplication, but fewer side effects  [  15,   17  ] . In 
fact, a recent meta-analysis of 11 trials comparing 
partial versus total fundoplication in 991 patients 
identi fi ed a signi fi cantly higher incidence of post-
operative dysphagia following total fundoplica-
tion  [  17  ] . However, poor methodological quality 
and validity of this meta-analysis limit its use-
fulness  [  15  ] .  

   Fundoplication Length and Extent 

 The only technical modi fi cation conclusively and 
repetitively shown to reduce postoperative dys-
phagia is the construction of a loose, short (1–2 cm) 
fundoplication  [  3,   10  ] . Figure  67.1  shows an intra-
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operative laparoscopic view of a short fundoplica-
tion, constructed over a 60 French bougie.   

   Prosthetic Crural Repair 

 The use of a prosthetic mesh in hiatal hernia 
repair is widely debated, particularly with type 
III hiatal hernias. Granderath et al. demonstrated 
a signi fi cantly higher rate of dysphagia within the 
 fi rst 3 months following surgery in 170 patients 
with a prosthetic crural repair than in 361 patients 
without mesh placement (35.3% versus 19.8%,  p  
<0.05). This difference was no longer evident at 
1 year after fundoplication (4.9% versus 4.4%) 
 [  16  ] . Thus, the use of prosthetic hiatal repair may 
increase the risk of postoperative dysphagia, 
although its long-term effects are not clear. Few 
authors advocate the routine use of mesh when 
treating GERD.   

   Physiology of Fundoplication 

 The goal of fundoplication is to restore an ana-
tomic and functionally competent antire fl ux bar-
rier. This occurs with correction of the axial and 
radial crural defects of the associated hiatal hernia, 
re-approximation of the diaphragmatic crura to 
allow contact with the lower abdominal esophagus, 
and enhancement in the pressure and length of 

the neo high pressure zone at the esophagogastric 
junction (EGJ) via the extrinsic effect of the fun-
dic wrap. These combined effects restore compli-
ance and limit the opening dimensions at the EGJ 
ideally toward normal, and not supra-normal, 
values  [  9,   18,   19  ] . 

 Pandol fi no and colleagues compared the 
manometric characteristics and distensibility of 
the EGJ between three groups: eight normal 
subjects, nine GERD patients, and eight post-
fundoplication patients. A custom-made manom-
etry catheter was utilized, combined with a 
distally placed overlying barostat bag designed 
to determine EGJ compliance. Once the EGJ 
opening pressure was established and noted 
 fl uoroscopically, swallows were recorded at 
5 mmHg barostat distension pressure increments 
up to a pressure of 30 mmHg. EGJ diameter and 
intraluminal distensive pressures regulated by 
the barostat were plotted and their relationship 
determined. The mean basal LES and opening 
pressures during the interswallow period of 
patients following fundoplication were compa-
rable with those of normal subjects, and both 
groups had signi fi cantly higher pressures than 
those recorded in patients with GERD ( p  < 0.05). 
In addition, they showed that following fun-
doplication the EGJ opening diameter approxi-
mated normal values, along with a greater overall 
length  [  18  ] . 

 This decreased compliance and reduction in 
opening diameter at any given distention force 
following fundoplication has also been reported 
by Scheffer et al. This study included 12 patients 
pre- and postoperatively evaluated with concur-
rent high-resolution manometry (HRM) and 
 fl uoroscopy during swallows of both liquid and 
solid boluses. The authors reported an increase 
in resistance to  fl ow as a consequence of the 
altered EGJ dimensions post-fundoplication, 
along with reduced axial bolus length, an elevated 
intrabolus pressure, and a prolonged EGJ transit 
time for both liquids and solids ( p  < 0.05). This 
prolonged transit time was found to have a pro-
portional relationship to higher dysphagia symptom 
scores  [  9  ] . 

 Historically it has been suggested that the 
vagally mediated re fl ex, transient lower  esophageal 

  Fig. 67.1    Intraoperative laparoscopic photograph of a 
loose, short Nissen fundoplication constructed over a 60 
French bougie       
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sphincter relaxation (TLESR), is associated with 
gastroesophageal re fl ux, and that distension and 
stimulation of stretch receptors, particularly in the 
gastric cardia, trigger these TLESRs. Scheffer and 
colleagues sought to evaluate the effect of fun-
doplication on the TLESR re fl ex. Twenty GERD 
patients were studied before and after fundoplica-
tion. Twenty normal subjects served as controls. 
HRM and pH monitoring were performed 1 h 
before and 2 h following ingestion of a liquid 
meal, while three-dimensional ultrasonographic 
images of the stomach were constructed prior to 
and every 15 min postprandially for up to 2 h. The 
study con fi rmed that patients with GERD prior to 
surgical correction have signi fi cantly larger proxi-
mal gastric volumes when compared to control 
subjects ( p  < 0.001). This may promote meal-
induced altered fundic relaxation and an increased 
rate of TLESRs. Proximal gastric distention was 
signi fi cantly reduced post-fundoplication 
( p  < 0.001), although no relationship to the rate of 
TLESRs was found. Further, neither re fl ux fre-
quency nor duration was found to correlate with 
gastric volumes in any patient group, suggesting a 
mechanism other than proximal gastric distension 
may be responsible for transient sphincter loss fol-
lowing fundoplication  [  19  ] . As previously dis-
cussed, this study provided further con fi rmation 

that fundoplication alters transsphincteric pres-
sure pro fi les, leading to an overall decrease in 
EGJ compliance preventing re fl ux during periods 
of gastric distention  [  19  ] .  

   Treatment of Dysphagia Following 
Antire fl ux Surgery 

 Dysphagia post-fundoplication is common and 
perhaps even desirable in the early postoperative 
period (1–2 weeks up to 2–3 months). Patients 
are generally sent home with a soft solid diet 
minimizing bulky foods such as bread and meat, 
while maximizing softer foods such as soups, 
 fi sh, eggs, and anything with a pudding consis-
tency. With such instructions, generally lasting 
2–4 weeks, dysphagia is minimal in most patients. 
If dysphagia emerges or persists following this 
early postoperative time, generally accepted as 
more than 3 months after surgery, and particu-
larly if it is severe enough to require signi fi cantly 
limited solid food intake or results in a >10–15 lb 
weight loss, it is considered a complication of the 
fundoplication. 

 Most patients will improve with time 
(Fig.  67.2 ) and do not require speci fi c treat-
ment. When severe dietary limitations or 

  Fig. 67.2    Prevalence of dysphagia related to length of time after surgery. From J.H. Peters et al. Ann Surg 
1998;228(1):40–50 with permission         
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   Table 67.2    Incidence of pre- and persistent postoperative dysphagia, with subsequent intervention   

 Reference  Year  # Patients  Incidence of dysphagia (%)  Intervention for dysphagia (%) 

 Pre-op  Persistent post-op (>3 months)  Dilatation a   Reoperation 

 Patterson et al.  2000  171  33  10  9 b   0 
 Blom et al.  2002  163  37  8  NR  NR 
 Sato et al.  2002  139  33  6  6  4 
 Fumagalli et al.  2008  276   9  9  1  5 
 Montenovo et al.  2009   74  43  17  NR  NR 
 Tsuboi et al.  2010  208  26  9  NR  NR 

  Modi fi ed from Wills et al.  [  3  ]  
  a Dilatation for persistent dysphagia >3 months 
     b >10 weeks postoperatively  

signi fi cant weight loss prompts treatment (usu-
ally well less than 1–2% of patients) options 
include bougie or pneumatic dilation, and occa-
sionally reoperation (Table  67.2 ). The choice of 
intervening at all, as well as what speci fi c treat-
ment to pursue, will depend upon a review of 
the operative technique used, both pre- and 
postoperative esophageal motility  fi ndings, evi-
dence of out fl ow resistance on motility and 
video barium upper gastrointestinal study, the 
severity of symptoms, alimentary ability, weight 
loss, and treatment risk.   

 Most patients are able to maintain their 
weight with modest dietary changes and con-
tinue to improve with time over the course of 
12–24 months postoperatively. Dilation utiliz-
ing 50–60 French Savary guide wire bougienage 
is often carried out and improvement may fol-
low. No controlled studies have shown its 
ef fi cacy although uncontrolled case series have 
suggested there may be some bene fi t. A litera-
ture review by Wills et al. evaluating dysphagia, 
post-fundoplication over a 15-year period 
reported that approximately 50% of patients 
responded to initial attempts at dilation  [  3  ] . A 
similar proportion of dilation success was found 
in the group of patients that Granderath et al. 
 [  15  ]  identi fi ed as having postoperative hiatal 
stenosis possibly bene fi ting from pneumatic 
dilation. On the other hand, 45% of these 
patients did not respond to the  fi rst attempt at 
dilation and 17% required redo surgery follow-
ing multiple attempts.  

   Dysphagia and Reoperative Antire fl ux 
Surgery 

 Approximately 5–17% of patients will undergo 
reoperation following the primary antire fl ux pro-
cedure  [  15,   21  ] . Although recurrent heartburn/
re fl ux is the most common reason for repair, a 
substantial minority undergo reoperation for 
persistent, new, or recurrent dysphagia, most of 
whom will have concomitant anatomic abnor-
malities such as recurrent hiatal hernia, slipped or 
spiral fundoplication. First time reoperation is 
generally more technically demanding than 
primary fundoplication, requires longer operat-
ing time, and is associated with greater morbidity. 
Successful outcomes occur in 80–90% of patients 
with recurrent heartburn and 70–80% of patients 
operated upon for dysphagia. A systematic review 
of 17 series representing 1,167 re-operative fun-
doplications identi fi ed dysphagia as the second 
leading indication for reoperation (30%), while 
recurrent heartburn/re fl ux was the most prevalent 
(59%). The authors identi fi ed similar complica-
tion rates and outcome scores to initial fundopli-
cation, with a weighted average success rate of 
81% (range, 65–100%)  [  21  ] .  

   Summary and Conclusions 

 The majority of GERD patients with dysphagia 
improve following antire fl ux surgery. Early post-
operative dysphagia is common and generally 
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well tolerated. Persistent or new onset dysphagia 
occurs in 5–10% of patients. Patient selection, 
preoperative abnormalities, and accurate con-
struction of a short, loose fundoplication can 
lead to a decrease in the incidence of persistent 
postoperative dysphagia.      
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 When the patient becomes a deglutitive failure, 
our focus shifts from the cause to the conse-
quences of dysphagia. Unlike therapies in prior 
chapters, tube feeding does not correct degluti-
tion, it bypasses swallowing altogether. Tube 
feeding, as an alternative to eating, conveys nutri-
tion,  fl uid, and medications safely and reliably to 

the intestinal tract. This chapter reviews the 
many ways of establishing and maintaining tube 
feeding. 

   Indications 

 The indication is the problem for which arti fi cial 
feeding is a solution. Although dysphagia is the 
topic of this book, it is not the only indication 
for arti fi cial feeing. The consultant is responsible 
for con fi rming that tube feeding is an appro-
priate solution and that alternatives have been 
considered. In practice, a consultant is more 
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comfortable answering a request to evaluate a 
“feeding disorder” 1  than for “PEG tube place-
ment,” a request with a predetermined solution. It 
is best if the requesting provider and consultant 
collaborate on a solution, possibly including a 
PEG tube but open to reevaluation of the problem 
and creative alternative solutions. Blindly follow-
ing a procedural request is to blindly accept the 
judgment of the requesting provider and to close 
the door to other options. 

 In considering the appropriate type of tube 
feeding, start with physiology. Feeding disorder 
can be the result of many different processes 
(including, but not limited to dysphagia) just as 
dysphagia can result from many different diseases. 
These underlying diseases may have collateral 
effects in fl uencing prognosis and approaches to 
treatment. Similarly, other medical and psycho-
social issues may uniquely permit or limit thera-
peutic options. The provider and patient are well 
served by considering these potential implica-
tions, possible obstacles to placement and main-
tenance, and likely complications before starting 
arti fi cial nutrition. What are the nature of the 
feeding disorder and its range of appropriate 
solutions? Is permanently bypassing oral nutri-
tion the only or best solution? Consider cause and 
nature of the feeding disorder, other comorbidi-
ties, and psychosocial context. 

 The nature of the feeding disorder depends on 
more than its proximate cause. To say that a 
patient is dysphagic after a cerebral hemorrhage 
is only partially helpful. This does not tell us 
what the exact de fi cit is or what the prognosis for 
recovery might be. To de fi ne the best approach, 
we need to delineate as precisely as possible the 
type of impairment, its severity, and whether it is 
expected to progress or recover. The expected 
duration of arti fi cial feeding is also important. Do 
not allow a patient to suffer inadequate nutrition 
for more than a week in the hopes of avoiding 

arti fi cial feedings. Rarely is one criticized for 
initiating nutritional support too early. Everyone 
needs nutrition, and this is especially true of sick 
patients. If the underlying condition cannot be 
corrected or will take >30 days to resolve, a 
more permanent, stable, percutaneous tube 
should be considered. Sometimes only enteral 
supplementation of oral feeding is necessary, if 
the feeding disorder is incomplete or if metabolic 
requirements simply outstrip the patient’s ability 
to eat. Some special diets or medications may 
simply be too unpalatable to take orally, espe-
cially for children. 

 As a general rule, when the gut works, but 
cannot be accessed by eating, get a tube. This is 
typically the case with deglutitive failure, but 
not for all causes of feeding disorder. If the 
underlying disease includes a bowel obstruc-
tion, for instance, parenteral nutrition might be 
more appropriate. The underlying disease and 
other comorbidities (e.g., cancer, CVA, or a 
variety of neurodegenerative diseases) can 
de fi ne the prognosis as well as the type of nutri-
tion required. If the prognosis is severely limited, 
a temporary solution (even just IV hydration) 
may be most appropriate. An albumin <3.0 g/dl, 
advanced age, urinary tract infection, a docu-
mented history of aspiration, COPD, and incur-
able cancer all predict early mortality after 
feeding tube insertion. In fact, half of patients 
with more than three of these risk factors are 
dead at 3 weeks. Additional risk factors include 
BMI <18.5 and CRP >10. One recent study 
showed that 89 % of those who die within the 
30 days after PEG are from a cohort with both 
low albumin and high CRP. Acute and chronic 
diseases with special metabolic requirements 
include brittle diabetes, acute postoperative 
recovery, acute infection, preexisting malnutri-
tion, and obesity. Such circumstances may 
in fl uence not only what nutrition is given, but 
how it is supplied. Pay special attention to any 
intrinsic gastrointestinal disease that interferes 
with digestion, absorption, transport, or excre-
tion. Mechanical obstruction is the only abso-
lute contraindication to enteral nutrition, but 
there are many conditions that would affect  how  
tube feeding is best administered. 

   1   “Feeding Disorder” ICD-9 code 783.3 is universally 
accepted as an indication for tube feeding and encom-
passes any problem preventing adequate oral nutrition, 
including severe anorexia, deglutitive failure, or even 
coma. It does not specify the source of the problem, just 
its existence. “Feeding disorder” is not “Eating disorder.”  
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 The psychosocial context needs to be care-
fully considered in de fi ning feeding goals. Select 
those options that best align with the goals of the 
patient and—as applicable—their family. 2  Is the 
disposition after hospitalization expected to be 
self-care, home care with family, institutional 
care, or palliative? Unfortunately, such questions 
may never have been explicitly considered 
before. The frequent clash between expectations, 
desires, and reality can be hard for everyone. It is 
important here to de fi ne both what the patient 
and family wish for and expect as well as to 
clearly determine what physiology, logistics, 
family involvement, insurance, and reality will 
support. Dignity, autonomy, and body image 
issues are different for every individual and can 
all be affected by different feeding solutions. The 
option to do nothing and to “let nature take its 
course” is always on the table. Although this was 
the only choice from the dawn of humanity until 
1849, 3  today many patients and their families 
need permission to consider this option. 

 Nutrition is a basic physiological and human 
function. Loss of oral feeding and the insertion of 
an arti fi cial tube can carry with them not only the 
loss of taste and food enjoyment, but changes in 
lifestyle, altered body image, and even the spec-
ter of impending mortality. Not surprisingly, 
rationalization and denial can often complicate 
such cases. Few other clinical circumstances in 
gastroenterology come burdened with as many 
ethical and political issues. Occasionally, reli-
gious and even legal forces may enter the arena. 
Ethically unambiguous solutions agreeable to all 
parties cannot always be found. Advanced direc-
tives, living wills, and durable powers of attorney 
do not always provide direction and clear answers 
 [  1  ] . Although ethics consultation can bring a 
certain level of clarity and objectivity, abstract 
concepts such as medical futility are often unhelpful 

in resolving the often con fl icting medical goals 
of prolonging life and reducing suffering. A feed-
ing tube trial with withdrawal at a speci fi ed future 
date has often been advocated, but we have rarely 
seen this attempted. Even less often does it end as 
anticipated. Unfortunately, lacking a satisfactory 
consensus, the best outcome usually involves 
graceful acceptance of the informed decisions of 
the individual with legal authority. This being 
said, navigating such anxiety to bring peace to a 
patient and their family can be one measure of 
success. Patience,  fl exibility, experience, and 
clear communication are keys. Through a pro-
cess of education and de fi ning values, truly 
informed consent (or informed refusal) can take 
place. 

 Tube feeding is life support. Normally, our 
body autoregulates by stimulating us to eat when 
we are hungry and drink when we are thirsty. 
Shifting control of intake to an external caregiver 
carries a certain amount of risk. The conse-
quences of not being able to deliver nutrition to 
the gut include not only starvation, but dehydra-
tion and lack of medications. These functions 
could be given over to central venous access, but 
the risk and cost of parenteral nutrition are much 
higher and the implications are the same. In addi-
tion, enteral feeding serves to maintain gut epithe-
lial integrity and health. In general, if the gut 
works use it. 

 Do not start down a road you cannot support. 
Deciding that tube feeding is appropriate and 
technically possible is only the beginning. Placing 
a tube in a patient is a commitment. Think several 
steps ahead. Not only is someone—possibly 
you—responsible for acute postinsertion compli-
cations and planning, but someone must also 
manage the tube and the patient long term. The 
patient or a caregiver will be using this device 
daily for the rest of this patient’s life and needs to 
know basic care of the tube. But a medical pro-
fessional has long-term responsibility including, 
but not limited to, optimizing nutritional effec-
tiveness, arranging logistics, and managing com-
plications of tube feeding. As with any form of 
life support, the goal is not to drop the ball. If you 
and the patient are lucky, all this effort will 
improve quality of life, modify disease outcome, 

   2   A dependent person is rarely isolated; illness brings 
family; family brings issues. This may be an asset (or not) 
but it is not going away. The consultant is well advised to 
address any issues early and openly.  

   3   Charles Se’dillot, a French surgeon, is the  fi rst to report 
a surgical gastrostomy in a human. Unfortunately, the  fi rst 
long-term survivor of this procedure was not reported 
until 1870 by LL Staton, a surgeon in North Carolina.  
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and potentially prolong survival. Since one 
caregiver cannot be reliably there 24/7, alterna-
tive caregivers must be available and trained. 
Eventually, the tube will malfunction, and urgent 
or emergent attention may be required. Incom-
petence needs to be anticipated, and education 
only reduces this potential. Some patients, care-
givers, and even medical professionals will 
always seem “unclear on the concept.” The 
purpose of this chapter is to help the reader not be 
that person.  

   Tube Selection 

 Tube materials and design are myriad and changing. 
There are many different materials (polyvinyl 
chloride, polyurethane, and silicone rubber), 
diameters (8–28 Fr; 2.7–9 mm), lengths (1.8–
119 cm), and options (multilumen, thin walled, 
weighted, side holes, etc.). To avoid “dislod-
gement”—the term for when a tube is partially or 
completely pulled out—there are many different 
mechanisms for  fi xing the device in position 
(“Mushroom Tip,” balloon, suture, and nasal 
“bridle”). Skin-level devices (“Buttons”) are use-
ful in reducing the risk of dislodgement or in 
patients with concerns about body image. We 
cannot exhaust all conceivable combinations, but 
would note some features that are to be avoided 
in a feeding tube. Multiple side holes near the tip, 
for example, are useful for preventing obstruction 
during suction but are unnecessary for feedings. 
Moreover, they functionally shorten the tube 
and—counterintuitively—increase the risk for 
clogging and kinking. Tube weights are another 
useless feature.  4  There is no reason to use these 
holdovers from the era of the mercury- fi lled 
balloon on the Miller–Abbott tube, since they do 
not help move the tube forward or increase the 

probability of small bowel intubation after gastric 
placement. 

 Feeding methods include push bolus, slow 
bolus, continuous, and nocturnal infusions. Each 
has their speci fi c indications. It may be helpful to 
think of tube feeding as a liquid, “predigested” 
diet. Commercial feedings are designed to  fl ow 
through a narrow tube and to forego mastication 
and gastric digestion. In fact, one method of 
supplemental tube feeding is to puree food left on 
the patient’s plate after a meal with a blender 
and infuse it into the gastric tube. There are also 
specially formulated feedings, designed for 
patients with a wide variety of speci fi c meta-
bolic needs. 

 Tube position determines function. A feeding 
tube generally has two ends. Nutrition goes into 
the  external end  of the tube and out the  internal 
tip . The tube enters at the  intubation point  on the 
outside of the body and ends inside the body at 
the  infusion point , where delivery from the tube 
tip into the gastrointestinal tract is intended. In 
carrying  fl uids from one end of the tube to another, 
these  fl uids bypass dysfunctional anatomy. There 
are several possible placement combinations and 
these delimit the tube type and feeding method 
required (Fig.  68.1 ).  

 The intubation point will be either at a “natural 
ori fi ce” or an “arti fi cial access point,” typically a 
stoma. Nasal or oral access to the GI system 
can be considered “natural ori fi ce” sites for intu-
bation. These are “natural” not because it is 
normal to eat through one’s nose. Rather, we use 
the term to differentiate such access points from 
“arti fi cial” access points, speci fi cally, ostomies 
or stomas. 5  The GI tract can be accessed through 
a stoma either to the esophagus as it passes 

   4   Because weighted tubes are still sold one might assume 
that the weight is effective in moving these tubes forward. 
The weighting of tubes was an unproven but common 
feature of tubes made before 1976, the date the FDA 
began regulating such medical devices. Such “grandfa-
thered” or “preamendment devices” do not require proof 
of safety or ef fi cacy.  

   5   An “-ostomy” [ Greek, stoma : mouth] is  a procedure  
(surgical, endoscopic, or radiological) to create an open-
ing (e.g., “a col ostomy  was performed for diverticular 
disease”). A “-stoma” (pl. stomata) is  the opening  from 
the skin into an interior hollow organ, but one rarely hears 
the terms “gastrostoma” or “colostoma.” These openings 
are typically referred to simply as “a gastrostomy” or “a 
colostomy.” Though not strictly correct, this has become 
the common usage and will be employed here. Similarly, 
we anglicize the plural to “stomas” or “-ostomies” instead 
of  stomae  or  –ostomae .  
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through the neck (cervical esophagostomy) or to 
the stomach (gastrostomy) or to the proximal 
small intestine (jejunostomy) via the anterior 
abdominal wall. The major determinant in the 
choice between  natural ori fi ce and stoma  is that 
the length of time tube feeding will be required. 
In general, if arti fi cial nutrition will be required 
for more than 30 days, a stoma should be consid-
ered. One guideline is that if a tracheostomy is 
being considered, so should a gastrostomy. Stoma 
formation is an investment. It costs time and 
money; it involves discomfort and risk; and it 
carries the stigma of permanence. It also offers 
several advantages. A stoma is short, stable, and 
big; inevitable tube replacement is generally 
much simpler; and it avoids the problems inher-
ent in long-term use of nasal tubes. 

  Nasal tubes— nasogastric or nasoenteric—are 
safe, effective, and useful. For some conditions, 
especially those with a reasonable possibility 
of rapid improvement, early nutritional treat-
ment, beginning with nasal access, is encouraged. 

Poten tially reversible causes for dysphagia include 
almost all metabolic diseases and some neurologic 
conditions. Norton, however, showed that early 
Percutaneous Endoscopic Gastrostomy (PEG) 
was superior to nasogastric tube feedings in the 
setting of acute dysphagic stroke  [  2  ] . Improvement 
in nutrition and reduction in aspiration apparently 
accounted for the marked difference in mortality, 
which brought the study to an early conclusion. 
Although the risk of creating a stoma outweighs 
the risk of NG tube placement, the risk of having 
a stoma is much less. When it becomes clear that 
percutaneous access is unavoidable, it should be 
undertaken expeditiously. 

 Using suction tubes for feeding should be 
discouraged. It is disconcerting how often a 
Salem sump (large, multilumen, hard plastic tube 
designed not to collapse during nasogastric 
suction) is used for feeding. Presumably, these 
are used because they are readily available and 
easy to place. Their use is sometimes rationalized 
as a way to check for gastric residuals. 
Unfortunately, in addition to patient complaints 
of throat discomfort, these tubes can be dangerous. 
Nasal, sinus, cricopharyngeal, and esophageal 
complications are common. Pressure ulcers can 
occur throughout the course of a tube, but most 
concerning is posterior cricoid. This unique 
injury may not be apparent until days after the 
tube is removed and is particularly likely to occur 
in patients with diabetes, laying supine in the 
ICU, with the tube in the midline. Sofferman’s 
triad of NG tube, pain, and impaired phonation 
are predictive, but because this is a spectrum of 
injury and the area involved is not readily visual-
ized, exact incidence is unknown  [  3  ] . The most 
severe sequelae of the tissue necrosis are a poste-
rior abscess and damage to local structures with 
permanent impairment of voice. Side effects 
increase with increasing length of use, tube size, 
and tube hardness (Fig.  68.2 ).  

 The ideal nasal tube should be as soft and 
small as possible, an 10–12 Fr tube of polyure-
thane works well. Soft feeding tubes collapse 
under suction, so these cannot be used for decom-
pression or to reliably check residuals. Additional 
considerations for any natural ori fi ce intubation 
include body image, dignity, social interaction, 

  Fig. 68.1    Tube schema. Infusion points ( arrow heads ) 
are gastric or jejunal       

 



970 W.L. Berger

and inconvenience. This is particularly true of 
oral tubes, which cause more gagging and impair 
speech. An oral tube is probably only justi fi ed 
when an endotracheal tube is already in place or 
when very temporary, intermittent intubation is 
used for supplemental feedings or medications. 

 The infusion point at the internal tube tip may 
be placed in either the stomach or small bowel. 
Feeding the stomach should be the same as feed-
ing the small bowel, but this is not always the 
case. The stomach is generally preferred and has 
many advantages. It is designed to sterilize, store, 
and digest ingested food, subsequently emptying 
nutrients in a controlled, autoregulated fashion 
into the small bowel for optimal absorption. 

 Sterility of tube feedings on a shelf does not 
prevent inoculation of the digestive tract. The tube 
itself is a foreign body from which microorgan-
isms are poorly cleared. Thus it can act as a nidus 
for inoculation of the gut, particularly with jejunal 
tubes. Microbial activity is encouraged by the 
coincidence of a foreign body, a warm, moist envi-
ronment, and ample nutrients. Surprisingly, this 
rarely causes overt bacterial overgrowth, but recur-
rent bouts of  Clostridium dif fi cile  and other organ-
isms have been reported  [  4  ] , and failure of silicon 
tubes is often precipitated by actual in fi ltration and 
growth of  Candida  into the material of the tube. 

 A gastric infusion point has several advan-
tages: gastric storage and emptying make inter-
mittent, gastric bolus feeding possible. The 
stomach is designed to hold food and mete it out 

to the small bowel at a controlled and manageable 
rate. Failure to properly empty may be re fl ected 
in high gastric residuals (>200 ml). Too rapid 
emptying or bolus feeding directly into the small 
bowel can cause “dumping” syndrome. In this 
scenario, feedings overload the bowel causing 
 fl uid shifts, hyperglycemia followed by hypogly-
cemia, malabsorption, and voluminous diarrhea. 
An infusion pump can mimic this gastric func-
tion by delivering feedings to the small bowel at 
a controlled rate (150 ml/h or less), but this 
approach is high maintenance. The acid milieu in 
the stomach aids in chemical digestion, acts as a 
barrier to microbial contamination, and chemi-
cally reduces elemental metals in preparation for 
absorption. In addition, gastric intrinsic factor 
enables B 

12
  absorption. Easier tube placement is 

another advantage. The stomach is a larger, more 
proximal, and less mobile target, more easily 
accessed either per stoma or transluminally for 
primary or replacement tubes. Finally, feeding 
the stomach means fullness and satiety can be 
appreciated. Feeding to the stomach can give the 
sensation of being fed. Gastric feeding, however, 
may also enable nausea and emesis. 

  Jejunal access is indicated  if the stomach does 
not empty well for mechanical or motility reasons 
or cannot function. Since the purpose of tube 
feeding is to bypass nonfunctional anatomy, 
placing the tube tip into the jejunum can address 
gastric dysfunction. Jejunal feedings can be more 
reliable in critically ill patients and will reduce 

  Fig. 68.2    Salem sump and polyurethane nasojejunal tube. Note that the polyurethane tube is much softer and more 
pliable than the thick-walled polyvinyl Salem sump       
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gastroesophageal re fl ux. Intuitively, this should 
reduce aspiration, although the literature has not 
shown a direct correlation. Since we have all seen 
an individual in whom jejunal feeding clearly 
reduced aspiration, and almost identical patients 
who were not helped, trial of a jejunal tube seems 
prudent if even the potential for bene fi t exists. 

 Duodenal placement is  not  jejunal placement. 
Intuitively, simply getting the tube tip out of the 
stomach solves the problems associated with 
gastric feedings. In fact, the terms “postpyloric,” 
“small bowel” (or sometimes even “jejunal place-
ment”) imply duodenal placement. Physiologically, 
there is a huge difference. The duodenal–jejunal 
junction is at the Ligament of Treitz (LoT). This 
landmark is radiologically distinct  [  5  ]  (Fig.  68.3 ) 
and physiologically important  [  6  ] . Infusion 
beyond this point leads to signi fi cantly less re fl ux 
to the stomach and (especially >20 cm beyond the 
LoT) less stimulation of upper gastrointestinal 
(gastric, duodenal, pancreatic, and—possibly—
salivary) secretion. Additional bene fi ts may 
include reduction in pulmonary aspiration and 

tube back-migration. In short, if there is good 
reason to bypass gastric infusion, then the infu-
sion point should be distal to the LoT. There is 
simply no reason to feed into the duodenum.   

   Techniques of Tube Placement 

 Intubating a body ori fi ce is easy, but getting the 
internal tip to the appropriate infusion point may 
be quite dif fi cult. Some tubes we place blindly, 
some we must guide into position, and for some 
we even create a new body ori fi ce. Each approach 
brings unique indications, techniques, and risks. 
Below, we review what is unique about each 
approach. 

   Blind Tube Placement: Natural Ori fi ce 
or Preexisting Stoma 

 There are two potential challenges to blind intro-
duction of a feeding tube. The  fi rst is the frequent 

  Fig. 68.3    Finding the ligament of Treitz. Note that the 
infusion point in the bowel cannot be con fi rmed by the 
radiological position of the tube tip in the abdomen, but 
only by tracing the path of the tube. From the stomach 
the tube proceeds to the patient’s right, crossing the 
midline as it enters the duodenum through the pylorus. 

Then the tube turns caudally, as the duodenum descends 
along the right side of the spine before returning back 
across the midline and ascending to the ligament of Treitz 
(LoT), where the tube turns into the jejunum. A tube 
must navigate the entire duodenum and pass the LoT for 
its tip to be in the jejunum       
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need to place the infusion point quite distally to 
the intubation point. This is the case for all natural 
ori fi ce introductions as well as for esophagos-
tomy and transgastrostomic jejunal (PEG-J) tube 
placement. The second challenge involves intro-
duction immediately through an arti fi cial stoma. 
The risk here is an unstable stoma. This is particu-
larly true of a fresh stoma (<14 days), where 
dehiscence or separation of the gut and abdominal 
wall can occur. NGT placement is a basic clinical 
skill taught to physicians and nurses. Misplace-
ment is rare, but serious. Radiographs showing 
NG tubes coiled in the mouth, lung, or even brain 
are dramatic reminders of how easily one can go 
through the larynx or cribiform plate especially 
with a Salem Sump. In addition, dislodgement is 
common, but can be minimized with use of a 
nasal bridle. 6   

   Creating a New Stoma: PEG as a 
Prototype 

     1.    Percutaneous endoscopic gastrostomy (PEG) 
was  fi rst described in 1980 by Gauderer and 
Ponsky  [  7  ] . Prior to this new technique for 
percutaneously creating a tube gastrostomy 
with endoscopic assistance, only surgical 
placement had been possible. There were 
several revolutionary aspects of this proce-
dure. Instead of cutting individual holes in the 
abdominal wall and stomach and then manu-
ally aligning and  fi xing them together, as is 
done surgically, the percutaneous endoscopic 
tract is de fi ned by a needle stick from the skin 
into an air-distended stomach. This single 
motion creates a hole through the abdominal 
and gastric walls simultaneously. This new 
tract is then developed by wire-guided dilation 
from 2 mm to 6–9 mm by passing a conical 
dilator, which separates muscle  fi bers and tears 
mucosa and serosa rather than cutting them. 
Only the skin is cut, because only it will not 
easily stretch or tear. The dilator trails a tube 
as it passes through the tract, simultaneously 

dilating the tract and placing the tube gastros-
tomy. Later, this same percutaneous approach 
was applied to jejunostomy and esophagos-
tomy (Fig.  68.4 ).  

 Eventually, three methods of percutaneous 
gastrostomy evolved. The “Pull” (original 
Gauderer–Ponsky method) technique uses a 
string or wire to pull the dilator and tube 
through the abdominal wall from the inside of 
the stomach. The “Push” (Sacks-Vine or over-
wire) technique positions a guidewire in posi-
tion through the abdominal wall into the 
stomach and then up the esophagus and out 
the mouth. A dilator and tube are then slid over 
this wire like a clothesline. The “Introducer” 
(Russell) method can be employed endoscopi-
cally, but will be discussed in detail as a tech-
nique for radiological placement. 

 Almost immediately after publication, the 
technique came under criticism, particularly 
by surgeons sincerely convinced that this 
could lead only to disaster. PEG seemingly 
violated every surgical principle by blindly 
crossing facial planes, randomly poking holes 
in hollow viscera, and relying on a “sutureless 
approximation.” On top of that, a foreign body 
is then coated it in saliva and implanted into a 
fresh wound across a previously sterile perito-
neal cavity. This seemed frankly insane. In 
spite of these initial concerns PEG proved 
itself, safely creating reliable, stable access 
possible without an operating room, general 
anesthesia, or open abdominal surgery. 
Acceptance eventually followed the data, but 
also shifted gastrostomy placement to a new 
set of providers, the gastroenterologists. Costs 
and other barriers plummeted, and utilization 
and optimism skyrocketed (Fig.  68.5 ).   

    2.     Alternative uses for percutaneous stomas  are 
worth noting here. PEG can be used for:
   (a)    Infusion of feedings, hydration, medica-

tions, etc., is the most common  
   (b)    Decompression or drainage for bowel 

obstruction or severe motility disorder  
   (c)    Fixation of a mobile intraabdominal 

organ, typically to prevent volvulus  
   (d)    Access for instrumentation, especially 

with new ultrathin scopes. 
   6      http://www.amtinnovation.com/bridle.html     cashed by 
  http://www.google.com     at Nov 18, 2011 12:31:03 GMT  

http://www.amtinnovation.com/bridle.html
http://www.google.com
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 A combination of uses (e.g., drainage of 
re fl uxed bile from the stomach above an 
obstructed GI tract combined with sub-
sequent reinfusion of the bile beyond 
the obstruction) can also be employed. 
Different uses may mandate different 
technical needs. Access and drainage 

usually need a larger bore tube. Fixation 
may require two points to prevent 
revolvulation      

    3.     Acute complications  became apparent as expe-
rience with the new technique grew and reality 
expressed herself. While in theory, there is no 
difference between theory and practice, it 
seems that in practice, there is. 7  Subsequently, 
procedural modi fi cations arose to control 
these new risks. Although complications are 
usually discussed  after  discussing the proce-
dure, we bring them up before presenting a 
detailed protocol, because many important 
speci fi cs of the technique are rooted in com-
plication avoidance. The end result of this 
evolution of method and device is re fl ected in 
many critical differences from how PEG was 
initially described.
   (a)     Infection  is, not surprisingly, the most 

signi fi cant acute risk, presenting 1–3 days 
after placement in ~5 % of patients. This 
occurs in the tissue surrounding the tract 
and appears as redness, induration, and 
tenderness. Occasionally, purulent drainage 
will develop around the tube. Often, this 
will respond to hot packs and lengthening 
the skin incision to allow better drainage. 
If the infection is severe, unresponsive, or 
rapidly developing, IV antibiotics should 

  Fig. 68.4    PEG tube assembly. The Ponsky-type tube 
shown consists of four parts. The attachment loop by 
which the dilator and tube are pulled into position through 

the tract; the dilator; the tube body; and the internal 
bolster, which keeps the tube from pulling all the way 
through and falling out       

  Fig. 68.5    U.S. Gastrostomy Utilization (in thousands)       

   7   These words have been variously attributed to Jan LA 
van de Snepschuet, Chuck Reid, and even Yogi Berra.  
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be considered early in management. 
Without appropriate monitoring and man-
agement, a simple cellulitis can rapidly 
progress to necrotizing fasciitis with a 
high mortality rate. The difference 
between a fatal infection and a mere 
inconvenience is the rapidity with which 
the infection is recognized and addressed. 
Because monitoring and response may 
be less diligent over the weekend, we try 
not to insert PEG tubes on Fridays. 
Predisposing factors include hematoma 
and tight skin incision, leading to pressure 
necrosis. The risk of infection can be 
reduced to 1–3 % by antibiotic prophy-
laxis and a generous skin incision. 
Needless to say, preexisting leukocytosis 
and fever make monitoring for infection 
more dif fi cult and treatment more chal-
lenging. If there is any indication of 
underlying infection, the procedure should 
be deferred until this is cleared. It might 
also be wise to defer placement in a 
reversibly immunocompromised patient.  

   (b)     Anesthetic complications  are common. 
The condition underlying the feeding 
disorder, especially neurologic and neuro-
muscular disorders may lower a patient’s 
sedation threshold, and the use of seda-
tion may be more dangerous in the setting 
of underlying hypotension or hypoxemia. 
In addition, airway issues are frequent and 
dangerous. Other factors contributing to 
airway compromise or aspiration include:

     – Supine position  is required for access 
to the anterior abdominal wall. This is 
also the worst position for avoiding 
aspiration, since any pharyngeal  fl uid 
will now pool directly over the larynx. 
The tongue falls straight back to 
occlude the hypopharynx and neck 
extension is limited, especially if a 
pillow is used.  
    – Mental Status  is often suppressed in 
these patients, and their ability to 
defend their airway will be further com-
promised by neuromuscular disorders 

and any sedation and restraints required 
for the procedure.  
    – Topical Anesthesia  is applied to reduce 
gagging and sensation of foreign 
objects in the hypopharynx.  
  In addition, as the internal bolster of  –
the PEG tube being pulled through the 
pharynx, sweeping heavy secretions 
and uncleared debris of prior oral feed-
ings ahead of it, loose material may be 
stripped by the UES and deposited into 
the pyriform sinuses and larynx.     

   (c)     Perforation of other organs , especially 
the transverse colon or liver, is well 
known and not uncommon. Full gastric 
insuf fl ation and use of the “safe tract” 
technique may minimize this complica-
tion (see step iv.h., below). Interestingly, 
through-and-through perforation of the 
colon and liver is often acutely benign and 
not apparent clinically until the  fi rst tube 
replacement. At that point, the tip of the 
new tube may end up in the “wrong 
lumen” with the expected results: if in the 
colon, copious diarrhea is associated with 
inadequate hydration and nutrition, as 
well as medication “malabsorption”; if 
feedings are infused into the omentum, 
peritonitis will result; if into the liver, 
tube feedings will be delivered directly to 
the liver parenchyma (and, eventually to 
the hepatic veins and right heart) with pre-
dictably bad results. Transhepatic place-
ment has been performed intentionally 
with no immediate untoward effects, but 
great care must be taken with subsequent 
tube replacement. If the tip position of the 
replacement tube is con fi rmed before any 
infusion, catastrophic side effects can 
usually be avoided. A high index of suspi-
cion during  fi rst replacements can pay 
dividends here.  

   (d)     Bleeding  can occur any time there is tissue 
damage or displacement. If an abdominal 
wall or gastric vessel is perforated during 
placement, bleeding can be signi fi cant, 
but this is rare. Usually, if a vessel is 
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breached, it is compressed    by the tube 
itself and no signi fi cant bleeding occurs. 
In liver failure, the combination of dilated 
collateral varices and coagulopathy 
increases this risk substantially. If possible, 
any anticoagulation should be reversed 
prior to the procedure. The most common 
bleeding source is the skin incision. 
Although this super fi cial bleeding can 
usually be easily controlled, any hema-
toma that collects and is not drained will 
have been inoculated with oral bacterial 
coating the tube shaft and signi fi cantly 
increases the risk of local infection.  

   (e)     Acute dislodgement  is uncommon but 
very serious. Predisposing factors are the 
same as for intravenous line dislodge-
ment, including dementia, disorientation, 
tube type, and multiple transfers. There is 
a signi fi cant difference between acute 
dislodgements and those that occur more 
than 2 weeks after placement. During 
these 2 weeks, the tube functions not only 
as an access port to the stomach, but for 
approximation and alignment of these 
holes, that would otherwise simply open 
to the peritoneal cavity. With normal 
nutrition and physiology, at 2 weeks the 
gastric wall will adhere to the abdominal 
wall and a cylindrical scar will mature 
around the tube forming a stable tract 
from the surface of the skin to the lumen 
of the stomach. If the tube is removed 
before this stable tract has formed, the 
hole through the gastric wall and through 
the abdominal wall will not stay together. 
Surprisingly, such dislodgement rarely 
causes serious complications if recog-
nized early and nasogastric suction and 
antibiotics are initiated quickly. Because 
these holes are not formed by cutting tissue, 
but by stretching and separating muscle 
 fi bers, the holes quickly and completely 
heal themselves in most cases. In a patient 
who is very ill, very old, on steroids, or 
poorly nourished, stable tract formation 
will take longer, and the threshold for 
serious infection will be lower.  

   (f)     Miscellaneous contraindications  to 
PEG — relative and absolute—arose as 
the technique was applied to in a wider 
variety of situations. These include 
ascites, gastric varices, inability to tran-
silluminate, massive hepatomegaly, 
extreme obesity, bowel obstruction, and 
intraabdominal sepsis. These challenges 
require additional ad hoc changes to the 
technique.      

    4.     Percutaneous Endoscopic Gastrostomy method  
we present here is the procedure with which 
we, as gastroenterologists, have the most 
experience and can speak to with the most 
authority. It has evolved to incorporate 
modi fi cations in response to 30 years of cumu-
lative experience as complications, complex-
ity, and other considerations have revealed 
themselves. This prototype technique also 
illustrates issues common to other procedures, 
speci fi cally radiologically guided percutane-
ous gastrostomy and some surgical methods, 
as these are in many ways analogous. The 
Ponsky “Pull” and Saks-Vine “Push” endo-
scopic techniques are identical except for steps 
(n) and (p).
   (a)     Preprocedure consultation and exami-

nation  is a good opportunity for fully 
 informed consent  of the patient or power 
of attorney (POA). Speci fi cally note any 
prior abdominal surgeries (adhesions, 
gastrectomy, mesh), abdominal wall 
thickness, lesions, or devices (ICD). Also 
consider if there are sedation concerns, 
especially obstructive sleep apnea or 
other airway issues, where anesthesiol-
ogy assistance may help. Since infection 
is the most common and severe com-
plication, any evidence of preexisting 
infection should delay this elective 
procedure.  

   (b)     PEG is not an open access procedure . 
Take the time to set yourself up for a 
successful procedure. Ideally, the endos-
copist doing the procedure should be the 
one  scheduling  the PEG. IV or NG feeding 
will suf fi ce until the patient and system are 
optimal for the procedure.  
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   (c)     Call a “Time Out”  immediately before 
the procedure so that everyone involved in 
the procedure is “on the same page.” With the 
entire team assembled, we verbally 
con fi rm the following: [abbreviated 
“ PPAACE ”]

     – P atient—there is no excuse for doing a 
procedure on the wrong patient, yet it 
happens.  
    – P rocedure—performing the wrong 
procedure is just as bad and happens 
just as often.  
    – A llergies—no excuse for missing this, 
especially regarding anesthetics and 
antibiotics.  
    – A ntibiotics—con fi rm administration of 
this powerful tool for reducing post-
PEG infection.  
    – C onsent—should have been completed 
before arrival and documented on the 
chart.  
    – E quipment—everything you might 
possibly need is immediately available.     

   (d)     Position, prep, and sedate  the patient. An 
IV should already be running for antibi-
otics. Some endoscopists would swab the 
mouth with antiseptics at this point in an 
effort to reduce bacterial load, but there 
is no good evidence that this is of more 
than a theoretical bene fi t. We use wrist 
restraints even in patients who are fully 
oriented to prevent them from moving 
their hands into the prepped area when 
under sedation. It often works best for 
the two proceduralists to have access to 
opposite sides of the cart. With the patient 
in supine position, obstructive sleep apnea 
is more likely to occur with sedation. 
We often remove the pillow for this 
reason. Airway issues during sedation 
often bene fi ts from a temporary nasopha-
ryngeal airway without interfering with 
endoscopy.  

   (e)     Evaluate the oropharynx  carefully during 
endoscopic introduction. These patients 
are well known for having the most clut-
tered airways imaginable. We have seen 
foreign bodies, pills, 3-day-old scrambled 

eggs, heavy, inspisated mucous, and even 
partial laryngeal obstruction. Such mate-
rial can fall into the airway during the 
procedure. It should be deliberately and 
completely removed before esophageal 
intubation. It is not uncommon to see 
impaired baseline oxygenation improve 
dramatically after clearance. The endo-
scope and Yankauer suction can be good 
tools for this, but occasionally, McGill 
forceps are needed. Once the airway is 
fully cleared, examine the upper GI tract 
to the duodenum. Any unexpected pathol-
ogy (e.g., gastric ulcer or pyloric stenosis) 
may put the entire procedure in a new 
light. Be open to acute modi fi cation of 
your treatment plan.  

   (f)     Con fi rm and localize the site endoscopi-
cally  by (1) transilluminating the abdomi-
nal wall from inside the stomach using the 
light from the endoscope (this will give a 
red glow to the skin, con fi rming that no 
optically dense organ (i.e., liver) is 
between the stomach and skin) and (2) 
making “ fi nger circles” on the abdominal 
wall at the intended point of gastrostomy 
(this will precisely de fi ne where the 
endoscopist should look for the needle to 
come in. Simply “poking” does not always 
clearly de fi ne a spot). Make sure the stom-
ach is fully insuf fl ated to bring it into 
apposition with the anterior abdominal 
wall. The ideal location is ~2 cm left of 
the midline (avoid the linea alba, if possi-
ble) and ~2 cm below the costal margin 
(the tube may cause periosteal pain if too 
close to the rib margin) if this falls within 
the transilluminated region (Fig.  68.6 ).   

   (g)     Prep and drape  the site identi fi ed on the 
abdominal wall. Shaving the site is no 
longer felt to be helpful in decreasing 
infection, but in some individuals may be 
necessary for practical reasons. Since PEG 
actually involves taking a foreign body, 
coating it in saliva, and dragging it into an 
open wound, this is not actually a sterile 
procedure (in fact, it would technically 
be considered “clean-contaminated”). 
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As such, sterile gloves may not actually be 
better than clean, disposable gloves from a 
box. Their use must also be weighed 
against the latex restrictions often in place 
in GI labs.  

   (h)     “Safe-Tract” technique   [  8  ]  makes use of 
the small gauge needle supplied for local 
skin anesthesia to “sound out” the intended 
tract of the percutaneous tube. After re-
targeting with  fi nger circles, the needle is 
slowly advanced under continuous aspira-
tion until bubbles suddenly appear in 
the syringe. This instant should coincide 
exactly with the needle tip penetrating the 
gastric mucosa as seen by the endoscope. 
If gas, stool, or blood appear before this 
point, the needle tip can be assumed to 
have encountered an intervening organ, 
and the tract is not safe (Fig.  68.7 ).   

   (i)     Incise the skin  horizontally (in line of skin 
tension) and large (at least 1.0 cm for a 20 
Fr tube). An incision that is too small or is 
not all the way through the skin and into 
the subcutaneous fat will cause pressure 
necrosis of the skin. Not only is this 
necrotic tissue directly adjacent to an 
inoculated foreign body (i.e., PEG tube), 
but some feel the tight approximation may 
serve to retain a hematoma or an abscess 
and thereby increase the risk of infection 
(Fig.  68.8 ).   

   (j)     Position the snare  under endoscopic 
guidance. The anticipated site of puncture 

  Fig. 68.6    Localization of the PEG site depends on (a) 
good transillumination, con fi rming that the optically dense 
liver is avoided; (b) good  fi nger indentation, indicating 
that the gastric and abdominal walls are closely approxi-
mated; and (c) “Safe Tract” (see below)       

  Fig. 68.7    Safe tract technique       
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may already be evident if the Safe Track 
 fi nder needle left a gastric mucosal mark. 
In any event, it is always good to re-target 
with  fi nger circles. Open the snare com-
pletely to incorporate this area. The trochar 
should enter the snare directly in most 
circumstanced.  

   (k)     Stab the trochar  8   through the incision  and 
into the gastric lumen under direct endo-
scopic visualization. If the stomach is not 
fully insuf fl ated, the trochar may only tent 
but not pierce the gastric mucosa. 
Nevertheless, care should be taken not to 
be too aggressive in this maneuver, since 
it is possible to actually pierce through 
the back wall of the stomach and into the 
pancreas or aorta. Once the cannula is 
well into the stomach, pull the trochar tip 
back into the cannula to prevent laceration 
of the mucosal or scope (Fig.  68.9 ).   

   (l)     Close the snare on the cannula.  This may 
require repositioning the snare or even 
tipping the cannula to facilitate encircle-
ment. The endoscopist should remember 
that the snare closes to the tip of the snare 
sheath, not to the middle of the loop. If 
improperly placed, the snare will pull off 
of the cannula as it closes. Once the 
trochar–cannula assembly is snared, the 
trochar is removed from the cannula and 
a wire is passed through the cannula 
and into the stomach. Opening the 
snare slightly releases the cannula so 

  Fig. 68.8    Skin incision       

  Fig. 68.9    Inserting the trochar       

   8   Classically, the  trochar  is a metal rod sharply pointed at 
one end by three cut angles (from Fr.  trois + carre ). Once 
placed inside a sheath or  cannula  the  trochar–cannula  
assembly can push through tissue into a body cavity. 
When the trochar is removed, the hollow cannula provides 
an opening into the cavity for access or drainage. The 
trochar–cannula assembly is typically referred to simply 
as a trochar.  
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the snare can be repositioned onto the 
wire alone. Close the snare on the wire 
 fi rmly and pull the snare sheath to the tip 
of the scope—but NOT into the biopsy 
channel (Fig.  68.10 ).   

   (m)     Slowly withdraw the endoscope  and wire 
through the esophagus and out the mouth. 
Make sure the wire feeds smoothly with-
out tension from below to avoid “cheese-
wiring.”  

   (n)     Attach the PEG tube to the wire.  The wire 
in most Ponsky “Pull” kits is typically 
blue in color and doubled over into a long 
loop which attaches to the loop on the 
dilator end of the PEG tube. To connect 
these loops, run the wires “blue through, 
then through blue” (Fig.  68.11 ) or as 
directed by the individual kit. The Saks-
Vine “Push” technique uses a standard 
angiography guidewire, and the tip of the 
dilator has a hole for the wire to go 
through. It will exit through the internal 
bolster on the other end of the tube.   

   (o)     To facilitate reintroduction  of the scope 
into the upper esophagus, 30 cm of snare 
sheath may be pulled out the tip of the 
scope and inserted fully into the free end 
of the PEG tube. The internal bolster of 
the PEG tube then encompasses the scope 
tip. At this point, the snare should be 
opened inside the tube to avoid trauma 
from the blunt snare sheath on esophageal 
mucosa. As the tube is pulled through the 
upper esophageal sphincter, so is the 
snare. The sheath then guides the scope 

easily through the sphincter into the upper 
esophagus. Once the scope is past the 
upper esophageal sphincter, the snare is 
withdrawn. If an easy reintroduction is 
anticipated, this step can be eliminated.  

   (p)     Pull the wire out through the abdominal 
wall  until the cannula spontaneously pulls 
out, indicating the knot has encountered 
the incision. At this point,  fi rmly pull with 
a circular motion to facilitate dilation of 
the tract until the tube body is delivered 
into the new tract. Look for the depth 
marks on the tube and continue to with-
draw the tube until ~5–10 cm of depth 
remains (Fig.  68.12 ).   

   (q)     Endoscopically reevaluate the stomach  to 
con fi rm appropriate placement of the 
internal bolster against the gastric wall. 
Under direct visualization, pull the tube 
through the tract until the internal bolster 
is brought into gentle contact with the 
gastric mucosa. Check and record skin 

  Fig. 68.10    Capturing the cannula and wire       

  Fig. 68.11    Attaching the tube to the wire       
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position by the depth marks on the tube at 
the abdominal wall. Avoid excessive trac-
tion (Fig.  68.13 ).   

   (r)     Attach the external bolster   fi xing this at 
0.5 cm above the skin position. There are 
often two options for external bolsters. 
The disk is most stable for bedridden 
patients, but the bar is more comfortable 
for ambulatory, active patients. Cut the 
tube leaving all markings possible. Attach 
the feeding connector, and drain the open 
tube to a small, but appropriate, decom-
pression bag (e.g., a clear vinyl glove or 
small biohazard bag). A single layer of 
small, thin dressing can be applied under 
the bolster until this is checked the next 
morning. After that, no dressing should 
normally be used. If the patient is disori-
ented and tends to pull out tubes (NGT, 
IVs, etc.), using an abdominal binder to 
cover the tube for the  fi rst 2 weeks might 
be wise. If this continues to be a problem, 
change to a button after tract maturation.  

   (s)     Postcare  begins at discharge from the 
endoscopy unit. Orders are written to 
resume prior oral or NGT medications 
with a small  fl ush of water. There are 
studies suggesting that feedings can also 
be safely initiated within hours of a PEG, 
but unless nutrition has deteriorated to an 
urgent degree, we wait 1 day. In the   Fig. 68.12    Pulling the PEG tube into position       

  Fig. 68.13    Final check       
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unlikely event of gastric stasis or other 
cause for emesis, a sedated, supine patient 
is at increased risk for aspiration. Also, 
infection, hematoma, or visceral perfora-
tion might be more apparent the next day. 
Careful clinical assessment the following 
day is mandatory. Although the site may 
be slightly tender to tube manipulation, it 
should not be frankly painful or display 
erythema, induration, or discharge. There 
should be no new fever or leukocytosis. 
Ideally, the patient will be hungry. A water 
test  fl ush can be given. Only begin feed-
ings if there are no concerns at this point.          

   Percutaneous Radiological Gastrostomy 

  The “Introducer” (Russell) method  places a 14 Fr 
balloon tube through a peel-away sheath intro-
duced into the stomach from the skin using the 
Seldinger technique. This technique does not 
actually require an endoscope since an NGT can 
be used to in fl ate the stomach for  fl uoroscopically 
guided placement. The radiological approach, 
however, requires T-fasteners and foregoes endo-
scopic examination of the upper gastrointestinal 
tract, endoscopic assistance in site selection, and 
direct observation of a safe placement. T-fasteners 
are additional  fi xation devices used to help mini-
mize separation or the abdominal wall and gastric 
wall during placement. The inward, distracting 
force of serial dilation might otherwise simply 
push the stomach away from the abdominal wall 
resulting in peritoneal placement. T-fasteners also 
help prevent later separation in the event the bal-
loon tube is dislodged before tract maturation. 
Although a small pneumoperitoneum is not 
uncommon after any percutaneous gastrostomy, it 
is virtually assured after the “Introducer” tech-
nique. This method is used endoscopically in 
cases where an internal bolster should not be 
dragged through the mouth and esophagus during 
placement. One such case is cancer of the orophar-
ynx or esophagus that may “seed” the tube result-
ing in tumor implantation at the gastrostomy site. 
In addition, some esophageal strictures are too 
tight to allow reliable passage of the tube. So, if 

the procedure takes the new tube directly past 
malignant tissue, if the esophagus requires dila-
tion, or if a pediatric endoscope is required to do 
the procedure, consider the introducer technique.  

   Surgical Stoma 

 The four most common ways to surgically access 
the gut for feedings are the Stamm gastrostomy, 
Janeway gastrostomy, Witzel gastrostomy, or the 
needle catheter jejunostomy. Generally, one of 
these would be placed in conjunction with a 
procedure that had already necessitated opening 
the abdomen. The Stamm is the most simple and 
straightforward of these: (1) the surgeon makes a 
stab wound in the abdominal wall and another 
in the anterior gastric wall. (2) through these, a 
feeding tube is placed and held in position by a 
purse-string suture of the gastric wall, and (3) 
then the gastric wall is attached to the anterior 
abdominal wall, aligning theses holes. The 
Janeway and Witzel gastrostomies are more com-
plicated, but also more stable and less leak prone. 
In needle-catheter jejunostomy an IV catheter 
through the abdominal wall is then inserted into 
the small bowel lumen for immediate, but tempo-
rary postoperative feeding. 

  Is Surgical, Endoscopic, or Radiological 
Gastrostomy superior?  The literature is replete 
with studies by endoscopists “showing” PEG is 
superior to radiologically or surgically placed 
tubes and studies by radiologists “showing” PRG 
is better than PEG or surgical tubes. There are 
essentially no studies showing that surgical tubes 
are better, because they have been repeatedly 
shown to have a higher complication rate, a longer 
length of stay, and higher cost. As gastroenterolo-
gists, we have an obvious preference, but frankly, 
if your institution has particularly capable endo-
scopic or radiologic expertise, this probably out-
weighs the technical advantages of one approach 
over the other. All things being equal, speci fi c 
anatomical considerations (e.g., tight stricture, 
which might interfere with the passage of PEG 
bolster, an ENT cancer that might seed the tube 
to implant in the new stoma, or prior upper 
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abdominal surgery) might favor a radiologic 
approach. If there are diagnostic needs (e.g., gas-
troesophageal re fl ux, complex nutritional, or 
medication issues) or if the patient is in the ICU 
and bedside placement is preferred, an endo-
scopic approach may be best.  

   Nasojejunal Tube 

 Although originating in a natural ori fi ce, the nose, 
an NJT cannot be reliably placed without radio-
logical, endoscopic, or other guidance and 
con fi rmation. A long, thin tube can reach the 
stomach with certainty by advancing it through 
the upper esophageal sphincter an adequate 
distance and then aspirating gastric  fl uid for 
con fi rmation. Unfortunately, further advance-
ment does not assure adequate small bowel 
placement, because the tube is more likely to coil 
up in the stomach than it is to push randomly 
through the pylorus and out into the bowel. 
Further manipulation, such as the “10/10/10 tech-
nique”  [  9  ]  may successfully use peristalsis to 
advance the tube tip, but is not always successful 
and cannot con fi rm adequate placement beyond 
the Ligament of Treitz. Weighted tube tips are no 
guarantee of success. There are even techniques 
for magnetically sensing and moving the tube 
tip. Perhaps the most direct and reliable way to 
place an NJT—especially at bedside in an ICU 

patient—is with direct transnasal endoscopy 
with over-wire exchange  [  10  ] . Although this 
technique may be done without sedation, it does 
require radiological con fi rmation of position 
before tube use (Fig.  68.14 ).   

   Percutaneous Endoscopic Gastrostomy 
with Jejunal Extension Tube 

 This con fi guration allows a shortcut for jejunal 
tube placement. It is analogous to NJT place-
ment, but it bypasses nose, throat, and esophagus 
to insert directly through a gastrostoma. The 
method we use is illustrated below  [  11  ] . This has 
obvious practical advantages by allowing a 
shorter, larger diameter tube than possible with 
an NJT. Although it can be placed at the same 
time that a new gastrostoma is created, insertion 
through a preexisting GT is usual. If it is clear 
before any stoma is created that small bowel infu-
sion is preferred, then a direct small bowel stoma 
should be considered 9  (Fig.  68.15 ).   

  Fig. 68.14    Nasojejunal tube (NJT) placement       

   9   Many abbreviations have been used for Trans-PEG 
jejunal tube and for Direct Percutaneous Jejunostomy, 
including “PEJ” for both. In 2002, the American Society 
for Gastrointestinal Endoscopy endorsed “PEG-J” and 
“D-PEJ”, respectively.  
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   Direct Percutaneous Endoscopic 
Jejunostomy 

 In this approach, direct endoscopic or radiologic 
access is developed to the small bowel. The tech-
nique is analogous to PEG or PRG, but targeting 
the small bowel is more dif fi cult because the small 
bowel is deeper inside the patient, smaller, more 
mobile, and more peristaltic than the stomach. A 
pediatric colonoscope is usually used for extended 
reach into the small bowel. The whole abdomen is 
prepped, so that when a  fl eeting transillumination 
appears, it can be very quickly approached. The 
anesthetic needle usually used for “safe tract” 
exploration is rapidly inserted at the transillumi-
nated site and the preloaded snare grasps this to 
keep the small bowel from  fl oating away during 
skin incision and trochar insertion. Once the tro-
char enters the lumen, the snare expeditiously 
releases the  fi nder needle and is moved to encircle 
the trochar–cannula. The remainder of the proce-
dure is essentially the same as PEG. There are two 
unique considerations with D-PEJ. First, the suc-
cess rate in  fi nding a window for placement has 
been reported as 80 % in expert hands but an 
unof fi cial poll of practicing gastroenterologists 
suggests a 50 % success rate. For comparison, 
more than 95 % of PEG attempts are successful. 

Second, the very mobile small bowel can rotate 
around the single  fi xed point created by the tube 
to produce a volvulus. 

  Using the Correct Tube Correctly  is a perpetual 
clinical problem, especially for patients pre-
senting with an unknown feeding tube implanted 
in an unidenti fi ed abdominal stoma. The ten-
dency may be to call this a “G-Tube”—regardless 
of the actual anatomy—and then treat it as such. 
This practice can become self-perpetuating and 
self-referential requiring extensive medical 
record review or diagnostic procedures to cor-
rectly de fi ne the actual anatomy. Such misun-
derstanding is not only common, but carries 
functional implications:
    1.    Without clearly understanding where the stoma 

goes, one cannot select the appropriate internal 
anchor. Although a 20-ml balloon is an appro-
priate bolster inside the stomach, it would func-
tionally obstruct a jejunal lumen, paradoxically 
causing bilious seepage around the tube.  

    2.    A jejunostomy will typically bifurcate into 
afferent and efferent limbs. Infusion at the 
stoma may cause seepage, but by using a short 
tail, feedings down the efferent limb (down-
stream from the stoma) will signi fi cantly 
reduce seepage. Of course, inadvertently feeding 

  Fig. 68.15    PEG-J placement       
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into the afferent limb (upstream from the 
stoma) virtually assures seepage.  

    3.    Most gastric feedings can be given ef fi ciently 
and easily as a bolus. Inadvertent bolus feed-
ing of the jejunum will precipitate dumping 
syndrome with glucose swings, hormone 
shifts, malabsorption, and diarrhea.       

   Long-Term Complications 
and Management 

 As long as the patient has a tube, they are at risk 
for complications. 

 Aspiration is a leading cause of death and hos-
pitalization in chronically tube-fed patients. The 
likelihood and severity of potential pulmonary 
complications is highly individual depending on 
the patient’s underlying disease, comorbidities, 
and even upper gastrointestinal anatomy. 
Elevation of the head of the bed, continuous 
instead of bolus feedings, monitoring gastric 
residuals, and infusing more distally—especially 
beyond the ligament of Treitz—are all strategies 
for preventing this complication. Success has not 
been universal. If the mechanism of aspiration 
can be de fi ned for a speci fi c patient, this can 
guide the approach. Oropharyngeal mechanisms 
are well covered elsewhere in this volume, but 
other considerations include medications, level 
of consciousness, high gastroesophageal re fl ux, 
and the afferent vagal stimulation of oropharyn-
geal secretions by either gastroduodenal feeding 
or distal esophageal acid exposure  [  12  ] . In many 
patients, even a slight increase in hypopharyngeal 
 fl uid volume can be disastrous  [  13  ] . 

 Tube dysfunction is inevitable. Patients can 
live for years with tube feeding; tubes cannot. 
Eventually the tube will crack, clog, kink, or 
come apart. Since tube failure occurs eventually, it 
is debatable if it is even a true complication, 
although it is often listed as such in the literature. 
Nevertheless, tube longevity is a legitimate con-
cern. Although it is beyond the scope of this 
discussion to relate all possible replacement tube 
designs, it is notable that tubes requiring an 
internal balloon to hold them in place have a 
shorter life than those held in place by a solid 
internal bolster. The trade-off is that the balloon 

tubes can be inserted more easily from outside 
the body. Tubes with a solid internal bolster often 
require sedation and endoscopy for reinsertion 
but may last 3–4 times as long. Another major 
determinant of tube longevity is the quality of 
caregiver attention. Inadequate water  fl ushes 
between medications and feedings, inadequate 
dissolution of medications, and trauma to the 
tube—especially clamping and kinking—can all 
shorten tube life. Inadequately clearing tube feed-
ing is the most common offense and has been 
compared to never washing one’s eating utensils. 
Such “dirty dishes” can lead to overgrowth of 
microbiota, especially  Candida , which can 
in fi ltrate into the tube wall and weaken it. Finally, 
tubes often fail without warning, causing feed-
ings, hydration, and medications to be acutely 
withheld. It is an inconvenience in all cases and 
can be a serious issue in dependent patients. 

 Dislodgement is common and depends to a 
large degree on the mental state and activity of 
the patient. Some patients will intentionally or 
re fl exively pull a feeding tube out of their nose or 
abdomen. In other cases, it gets hung up during 
transfer, is brought up into the mouth during 
emesis, or a caregiver de fl ates a balloon or disas-
sembles a tube to “ fi gure it out.” Although it is 
impossible to anticipate all eventualities, nasal 
tube dislodgement is reduced with use of a nasal 
bridal and stomal tubes are much more stable 
with solid internal bolsters than with balloons. 
It is worth reemphasizing here that if the tube is 
dislodged from a stoma within a few weeks of 
original placement, the tube is in fact still integral 
to the stability of the tract. Such tracts must be 
considered unstable until fully matured and rein-
tubation should be undertaken with great care. 
Once mature, the tract can be considered stable, 
but the tube still serves to maintain tract patency. 
If the tube is lost, the tract may close in a matter 
of hours. Under such circumstances, replacement 
of the tube is urgent to maintain the tract as well 
as to provide hydration and medication. A Foley 
catheter can serve temporarily if a proper gastros-
tomy tube is unavailable. 

 Diarrhea is very common in tube-fed patients. 
Often the cause is never well de fi ned, but several 
common and easily treated causes are known. 
Sorbitol is common in liquid medications. Often, 
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instead of crushing medication to be given by tube, 
the pharmacy sends a liquid formulation designed 
as orally palatable syrup for children, who will 
not take oral tablets. Of course, since some may 
have diabetes, the syrup must be “sugar free,” so 
sorbitol is used. This fermentable but nonabsorb-
able sugar is an excellent laxative. Similarly, 
older patients are often lactase de fi cient and intu-
itively avoid lactose in a voluntary diet. But it is 
in many tube feeds. Some clinicians believe that 
feeding tubes lead to small bowel bacterial over-
growth. This could be empirically treated with a 
new tube and antibiotics, but the use of antibiot-
ics in tube fed patients has actually been associ-
ated with an increased incidence of diarrhea. This 
may be related to the high incidence of  C. 
dif fi cile -associated colitis in tube fed patients, 
especially the institutionalized. Finally, bolus 
administration of hyperosmolar feedings can 
cause osmotic diarrhea and dumping syndrome. 

  Miscellaneous complications  include  distal migra-
tion , the  Buried Bumper Syndrome , and develop-
ment of  Granulation Tissue  around the tube. 
 Absorption and metabolism of drugs  may be altered 
by the need to open capsules or by delivery of medi-
cation at a difference part of the GI tract. In addition, 
 malnutrition or  fl uid and electrolyte imbalances  can 
more easily occur since the central impulses usually 
regulating physiologic feedback to intake, electro-
lyte balance, and nutrition have been bypassed. 
Finally, we are occasionally amazed by how much 
ignorance, neglect, and abuse can be in fl icted on the 
patient, their tube, and their stoma at the hands of a 
caregiver or even the patient themselves. If you have 
ever seen a laryngectomy patient smoke though their 
tracheostomy, you will not be surprised to hear that 
gastrostomy patients can pour large and toxic quan-
tities of alcohol into their tube. In addition, the stoma 
itself can invite intentional abuse, and friable granu-
lation tissue, seeping tube feeding, or mucus may be 
irresistible to some pets and vermin. 

  Prevention and management  of tube feeding 
complications requires anticipation, education, 
and accessibility. Avoid balloon tubes to improve 
longevity and reduce dislodgements. Also, 
hydrate, hydrate, hydrate. An additional liter a 
day of free water used to irrigate and  fl ush a tube 

will result in a cleaner tube and better urine 
 fl ow. Most importantly, work with and educate 
the primary caregiver. This is best done with a 
team approach. 

  An enteral nutrition team  brings broad expertise 
and multiple entry points to the system. An ideal 
team structure  [  14  ]  may not be possible in every 
setting, but appropriate consultants can be 
identi fi ed and coordinated. Multiple profession-
als with different backgrounds increase capability, 
perspective, depth of experience and knowledge, 
and access. The core of the team is a  Nurse 
Coordinator . This individual acts as the “go to” 
access point for the patient and caregiver, pulling 
in other team members as speci fi c issues arise. 
Most maintenance tasks, such as routine GT or 
NGT replacement and Cautery of granulation tis-
sue, can also be delegated to an experienced 
coordinator. But the real value of the nurse coor-
dinator is to work with and  educate  the primary 
caregiver in care and feeding of the patient and 
their tube. Other team members can include a 
 Gastroenterologist , who can be called for techni-
cal and placement issues or for complex diag-
nostics. A  Registered Dietician  designs and 
monitors changing nutritional needs. The  Speech 
Pathologist  is necessary at the beginning for 
selection of appropriate feeding methods, but 
also for de fi ning rehabilitation potential and for 
ongoing therapy. A  Clinical Pharmacist  can be 
invaluable in designing appropriate drug formu-
lations, monitoring for potential drug interac-
tions, and managing the altered pharmacodynamics 
that come with tube feeding. As appropriate, the 
nurse coordinator can run a clinic or make home/
nursing home visits for education and monitor-
ing. Although protocols can be useful for stream-
lining operations in a large referral center, they 
are probably unnecessary in most situations.      
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  A 
  Achalasia 

 barium esophagram , 898  
 clinical presentation , 541  
 description , 540, 898  
 detection , 570  
 diagnostic evaluation 

 esophageal manometry , 541  
 IRP , 543  
 LES relaxation , 543  
 subtypes, high-resolution manometry , 543  
 symptoms , 544  
 timed barium swallow , 541, 542  
  Trypanosoma cruzi  , 544  

 endoscopic treatments , 550–551  
 epidemiology and pathophysiology 

 cytotoxic CD8 + T cells , 541  
 esophageal motility disorders , 540  
 histologic abnormalities , 540  
 occurrence , 540  

 esophageal and LES neurons , 552  
 high-resolution manometry , 899–900  
 laparoscopic Heller myotomy   ( see  Surgical myotomy) 
 LES relaxation , 290–291  
 logistic regression analysis , 571  
 myotomy , 552  
 pan-esophageal pressurization , 570–571  
 pharmacologic treatments 

 Botox , 550  
 smooth muscle relaxants , 549–550  

 pneumatic dilation   ( see  Pneumatic dilation) 
 POEM   ( see  Peroral endoscopic myotomy (POEM)) 
 posttreatment assessment and management 

 clinical scoring system , 904–905  
 clinical staging , 904, 905  

 subtypes , 571  
 suggested algorithm, treatment , 551  
 surgical myotomy , 548–549  
 surgical treatment 

 description , 901  
 Dor fundoplication , 901, 902  
 Heller myotomy , 901–902  

 re fl ux symptoms , 903  
 Toupet fundoplication , 901, 903  

 treatment , 544, 900  
 type II and III , 571  
 upper endoscopy , 898–899   

  Acquired immune de fi ciency syndrome (AIDS) 
 Candidal esophagitis , 659  
 CMV infection , 661  
 HIV infection , 659, 664  
 VZV , 663   

  Acquired muscle diseases 
 iatrogenic myopathies , 426  
 primary in fl ammatory muscle diseases , 425–426  
 thyrotoxic myopathy , 426   

  Actinomyces , 665   
  AD.    See  Alzheimer’s disease (AD)  
  Adolescent rumination syndrome , 779   
  Adult rumination syndrome 

 complications , 780–781  
 diagnosis , 780  
 fundoplication , 782  
 physiology , 780  
 treatment , 781   

  Adventitia , 278   
  Aerodigestive safety 

 airway, embryonic life , 228  
 development , 228  
 pharyngeal-glottal re fl exes 

 birth , 230–231  
 fetal and neonatal life , 231  
 glottal motion , 231  
 lack of ventilation , 231  
 pharyngo-esophageal functions , 231   

  Aging 
 and cerebral cortex control , 63  
 and esophageal 

 functions , 287  
 motility , 290–292  
 physiology , 292  
 presbyesophagus , 288  
 sensory changes , 288–290  
 structural changes , 288, 289  

                           Index 
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Aging (cont.)
 nascent pharynx , 227  
 oropharyngeal swallow   ( see  Oropharyngeal swallow) 
 swallowing , 20   

  Aging effects, pharynx and UES 
 de fi nition, “normal” aged pharynx , 215  
  fl uoroscopic measurements , 216  
 implications , 223–224  
 neural changes , 222–223  
 observations , 221–222  
 pharyngeal chambers , 215–216  
 physical characteristics , 216–217  
 sources and tools , 216  
 structures, head and neck , 215  
 transit time , 216  
 valving action , 215   

  Aging pharynx.    See  Aging effects, pharynx and UES  
  AIDS.    See  Acquired immune de fi ciency syndrome (AIDS)  
  Airway protective mechanisms 

 alcohol and smoking , 42  
 aspiration , 35  
 basal and response , 35–36  
 esophago 

 glottal closure re fl ex , 38–39  
 pharyngeal re fl ux , 35  
 UES contractile re fl ex , 36–38  

 laryngo-upper esophageal sphincter , 44–45  
 manometry line tracing , 47–48  
 obstructive sleep apnea , 46  
 pharyngeal re fl exive swallow , 39–40  
 pharyngo-glottal adduction re fl ex , 41–42  
 pharyngo, UES contractile re fl ex 

 description , 40–41  
 posterior laryngitis , 41  

 phonation-induced, UES , 45–46  
 RPS , 35   

  Alginic acid/alginates , 710   
  ALS.    See  Amyotrophic lateral sclerosis (ALS)  
  Alzheimer’s disease (AD) 

 body mass index (BMI) , 412–413  
 prevalence , 412  
 self-feeding and swallowing , 412  
 VFSS , 412  
 weight loss and appetite , 412   

  American Gastroenterological Association (AGA) 
guidelines , 734–735   

  Amplitude of sucking pressure , 156   
  Amyotrophic lateral sclerosis (ALS) 

 complications , 400  
 de fi nition , 400  
 diagnosis , 400  
 management , 401  
 pathophysiology , 400  
 prevalence/incidence , 400   

  Anastomotic structure 
 de fi nition , 605  
 diagnosis , 606  
 incidence , 605–606  
 management , 607  
 pathophysiology , 606   

  Anatomic changes impacting feeding, infants 
and children 

 growth patterns, oral and pharyngeal structures , 152  
 neuromuscular protective mechanisms , 

152–153  
 size differences , 152   

  Anatomy 
 closing muscles, UES 

 motor innervation   ( see  Motor innervation, UES) 
 motor neurons control, CNS , 241–242  
 muscle composition   ( see  Muscle composition, 

UES) 
 neurochemical control , 241  
 sensory and premotor neurons control, 

CNS , 242  
 sensory innervation , 241  

 esophagus 
 abdominal , 273–274  
 cervical , 272–273  
 curvations , 274  
 diaphragm, aorta, and spine , 272, 274  
 mediastinum organs , 272  
 pharyngoesophageal junction , 272  
 relationship, left atrium (LA) , 274  
 thoracic , 273  

 lungs   ( see  Lungs) 
 muscles images, UES , 237  
 opening muscles, UES 

 motor innervation   ( see  Motor innervation, UES) 
 motor neurons control, CNS , 242  
 muscle composition   ( see  Muscle composition, 

UES) 
 neurochemical control , 241  
 sensory and premotor neurons control, 

CNS , 242  
 sensory innervation , 241  

 oral cavity 
 development , 119–120  
 salivary glands , 128–129  
 structures , 118–119  

 pharynx , 167   
  Anti-re fl ux surgery 

 dysphagia 
 persistent, post-fundoplication , 956–960  
 postoperative , 956–957  
 prevalence, GERD patients , 956  
 and reoperative , 962  
 treatment , 961–962  

 physiology, fundoplication , 960–961   
  Anti-re fl ux therapy 

 globus pharyngeus , 457  
 respiratory disorders , 206   

  Argon plasma coagulation (APC) ablation , 457   
  Arytenoid adduction (AA) 

 indications , 920  
 surgical procedure , 920–921   

  Aspiration 
 NG tube , 477–478  
 OG tube , 478  
 tracheotomy tube   ( see  Tracheotomy tube)  
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  Aspiration, lungs 
 asthma , 207–208  
 cough , 206  
 detection 

 dyes , 205  
 glucose oxidase test strips , 205  
 labeling meals, radionucleotide tracers , 204  
 lipid-laden macrophages , 205  
 pH monitoring , 205  
 proteins and solutes , 205  
 video fl uoroscopic swallow , 204  

  fi brosing lung disease , 209  
 IPF , 210  
 lung transplantation , 208–209  
 pulmonary disorders , 205  
 scleroderma , 209–210   

  Aspiration pneumonia 
 CVA , 945  
 medical intensive care unit , 945  
 micro-aspiration and chronic lung damage , 946   

  Asthma 
 airway remodeling , 675  
 allergic rhinitis , 674  
 and COPD 

 clinical trials and control , 207  
 diagnosis, acid re fl ux , 207–208  
 GERD symptoms , 207  
 medications , 207  
 pathophysiology , 207  
 proton-pump inhibition , 208  

 and GERD , 744, 746  
 prevalence , 672  
 symptom assessment tools, re fl ux , 364   

  Ataxia 
 complications , 401–402  
 de fi nition , 401  
 diagnosis , 401  
 management , 402  
 pathophysiology , 401  
 prevalence/incidence , 401   

  Auto fl uorescence imaging (AFI) videoendoscopy , 582    

  B 
  Balloon dilations 

 Bougie , 862  
 distal esophageal ring , 862–863  
 OTW , 861  
 TTS , 861–862  
 use , 864   

  Barrett’s esophagus (BE) 
 AGA guidelines , 734–735  
 buffering effects, food ingestion , 726  
 cancer risk, estimation , 725  
 description , 723–724  
 diagnosis 

 columnar epithelium , 724  
 GERD , 724–725  
 goblet cells , 724  
 “Prague C and M criteria” , 725  

 esophageal adenocarcinoma , 725–726  
  Helicobacter pylori  infection , 726  
 nitrate ingestion , 726  
 predicting neoplastic progression , 727  
 progenitor cells , 726–727  
 stem cells , 727  
 treatment, GERD   ( see  Gastroesophageal re fl ux 

disease (GERD))  
  BE.    See  Barrett’s esophagus (BE)  
  Behavioral treatment 

 and dysphagia therapy , 775  
 therapy , 775   

  Behçet disease , 489   
  Belch 

 airway protection , 43–44  
 blockade , 524  
 characterization , 247  
 eructation , 403  
 re fl ex , 524  
 and swallowing , 40  
 UES re fl ux , 524   

  Belching , 43–44, 247, 531   
  Benign and malignant tumors, esophagus.    See  

Esophageal squamous cell carcinoma 
(ESCC)  

  Benign esophageal strictures 
 balloon dilating , 868  
 barium swallow , 864  
 classi fi cation , 860–861  
 CT scan , 865  
 description , 859  
 dilation   ( see  Dilation) 
 dilator size , 864  
 endoscopic , 864–865  
 EoE   ( see  Eosinophilic esophagitis (EoE)) 
 esophageal dilation , 865  
  fl uoroscopic monitoring , 867  
 maloney dilators , 868  
 pathogenesis , 859–860  
 patient preparation , 866  
 proton pump acid control , 872  
 refractive 

 coricosteroid injection treatment , 870  
 description , 869–870  
 esophageal stents , 870  
 placement , 871  
 self-dilation , 871–872  
 stent complications , 871  
 steriod injection technique , 870  
 therapies , 871  

 sources 
 caustic ingestion , 860, 861  
 eosinophilic esophagitis , 860, 862  
 epidermolysis bullosa , 860  
 nasogastric tube injury , 860, 861  

 therapeutic goals , 868–869  
 UES   ( see  Upper esophageal sphincter (UES))  

  Bilobed pharyngeal pouches , 496   
  Bilobed pouch , 496, 498   
  Bilobed with one opening , 496   
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  Bisphosphonates 
 causticity , 651  
 dysphagia, odynophagia/chest pain , 651  
 hemorrhage and esophageal stricture , 650  
 NSAID , 650–651   

  Blood oxygenation level-dependent (BOLD) responses  
  Body mass index (BMI) , 412, 696, 758   
  BoNT.    See  Botulinum toxin (BoNT)  
  Botulinum toxin (BoNT) 

 achalasia , 890  
 anatomy, upper esophageal sphincter , 823–824  
 clinical syndrome , 821  
 complications and side effects , 892  
 cricopharyngeal dysfunction , 825  
 cricopharyngeus muscle , 823  
 crude form , 821  
 DBS , 403  
 description , 889  
 dose , 890  
 dysphagia , 825  
 ef fi cacy , 893–894  
 endoscopic injection , 890, 893  
 endoscopic treatment , 892  
  fi rst-line therapy , 892  
 inhibitor, acetylcholine , 550  
 injection , 550  
 lower doses , 523  
 lyophilized powder , 550  
 meta-analysis , 891  
 neurotoxin , 822  
 placebocontrolled , 550  
 pneumatic dilation , 891, 892  
 potent inhibitor, acetylcholine , 550  
 predictors , 891  
 prior endoscopic treatment , 908  
 recurrent therapy , 891  
 response 

 duration , 890–891  
 predictors , 891  

 SNAP-25 , 889  
 spastic conditions, esophagus 

 DCI , 892  
 DES , 892–893  
 LES dysfunction , 893  

 spastic esophageal motility disorders , 893  
 therapeutic trials , 570  
 therapy , 889  
 types , 821–822  
 UES , 823   

  Bougie dilations 
 American dilator , 861–862  
 description , 861   

  Brainstem control 
 adaptation, neuronal swallowing  fi ring , 

73–75  
 CPG , 77–78  
 deglutitive motor control , 90  
 features , 90  
 hemi-CPGs , 78–80  
 interneuronal groups function, CPG , 73  

 interneurons , 71  
 localization and  fi ring, swallowing neurons   ( see  

Firing of brainstem swallowing neurons) 
 mapping, deglutitive pathways   ( see  Mapping) 
 motoneurons and preganglionic neurons , 68–71  
 neural control mechanisms , 89  
 neural mechanisms , 75  
 neuroanatomic organization   ( see  Neuroanatomic 

organization) 
 NTS , 90  
 oropharyngeal and esophageal phases , 75–77  
 pattern generation and food intake behavior , 81–82  
 properties , 90  
 rhythmic patterns , 68  
 SLN and motor pattern generation , 67  
 SPG , 90  
 supramedullary in fl uences , 80–81  
 swallowing neurons groups , 72  
 swallowing sequence and phases , 67–68  
 transmitter mechanisms 

 acetylcholine , 106  
 excitatory amino acids , 104  
 “ fi ctive” swallowing , 103  
 gamma-aminobutyric acid , 105–106  
 glutamatergic , 103  
 mapping, chemomicrostimulation , 104–105  
 monoamines , 103  
 nature , 108  
 neuromodulatory inputs , 107–108  

 upper respiratory tract protection , 67    

  C 
  Calcium channel blockers 

 decrease LES pressure , 549–550  
 and nitrates , 572  
 treatment, spastic motility disorders , 570   

  Cancer management, ESCC 
 chemoradiation therapy , 591  
 chemotherapy , 590–591  
 description , 590  
 early stage , 588–589  
 EMR , 589  
 metastatic diseases and palliative care , 593–594  
 PDT and RFA , 589–590  
 radiation therapy , 591  
 surgery 

 adjuvant therapy , 593  
 Ivor-Lewis procedure , 591–592  
  vs.  neoadjuvant therapy , 592–593   

  Candidal infection 
 achalasia and systemic sclerosis , 659  
 candidemia , 659  
 chronic mucocutaneous candidiasis , 659  
 colonization , 660  
 dysphagia and chest pain , 659–660  
 endoscopy , 660  
 HIV , 659, 660  
 management , 660  
 predisposing factors , 659   
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  Carbonation 
 PTT , 790  
 sEMG , 789   

  Carlsson–Dent questionnaire (QUEST) , 367, 374–375   
  Caustic injury and stricture 

 de fi nition , 602  
 diagnosis , 602–603  
 incidence , 602  
 management , 603  
 pathophysiology , 602   

  Cerebral cortex control 
 and ageing , 63  
 brain imaging techniques , 56  
 brain stem disease , 56  
 central neural control, human swallowing , 56  
 esophageal phase , 62–63  
 neurophysiology swallowing 

 advantages and disadvantages , 57, 60  
 cortical and subcortical activations, brain images , 

57, 60  
 fMRI and PET , 57, 58  
 hemispheric stroke , 57  
 magnetoencephalography (MEG) , 57, 59  
 meta-analysis , 57  
 TMS and EMG , 57  

 non-invasive cortical stimulation techniques , 56  
 oral phase 

 activations , 59  
 BOLD responses , 61  
 olfaction and gustation , 60–61  
 regulation, bolus , 59  
 swallowing initiation , 58–59  
 tongue movements and mastication , 60  

 oropharyngeal dysphagia , 55  
 pharyngeal phase , 61–62   

  Cerebrovascular accidents (CVA), stroke 
 chart review , 383–384  
 communication/cognitive screening , 384  
 cranial nerve examination , 385–387  
 CSE , 383  
 de fi nition , 381–382  
 dysphagia screening , 383  
 instrumental evaluation , 385, 387  
 management 

 approaches , 388, 390  
 behavior treatment , 393  
 compensation approach , 389–391  
 PES , 390  
 rehabilitation approach , 390, 392  
 rTMS , 390, 393  

 oral intake , 385  
 pathophysiology 

 acute and chronic dysphagia , 382–383  
 hemispheric stroke , 383  
 neuroanatomical model , 382, 383  

 prevalence/incidence , 382  
 VFSS 

 bolus administration , 387  
 protocol , 387, 389  

 videoendoscopic evaluation of swallowing , 388   

  Cervical spine (C-spine) surgery 
 anterior cervical surgery , 631–632  
 CT scan and video  fl uoroscopy , 632  
 natural history , 632  
 radiculopathy/ myelopathy , 631  
 removal, diseased disk/osteophytes , 631   

  c-fos , 68, 71, 73, 102, 103   
  Chemoradiotherapy 

 description , 431  
 IMRT , 437  
 management , 437–438  
 quality of life , 433  
 swallowing pathophysiology 

 oral and pharyngeal phase, impairment , 434  
 pharyngeal , 435  

 swallowing problems 
 evaluation and treatment , 435–436  
 prevention , 436–437   

  Chemotherapeutic agents , 652   
  Chinese GERDQ , 366–367, 373   
  Chorea 

 complications , 404  
 de fi nition , 403  
 diagnosis , 404  
 management , 404  
 pathophysiology , 403–404  
 prevalence/incidence , 403   

  Chronic cough and GERD 
 evaluation , 741–742  
 intra-abdominal pressure , 740  
 nonacid re fl ux , 741  
 pH monitoring , 741  
 treatment , 741   

  CLE.    See  Confocal laser endomicroscopy (CLE)  
  Clinical swallowing examination (CSE) 

 description , 383  
 incidence, dysphagia , 382  
 oral intake , 385   

  CMV infection.    See  Cytomegalovirus (CMV) 
infection  

  Cognitive and communication in fl uences , 384   
  Compensatory management and treatment 

 description , 785–786  
 diet modi fi cation 

 clinical decision-making , 793  
 consistency effects on swallowing , 

790–792  
 description , 790  

 head rotation , 794  
 postural techniques   ( see  Postural techniques) 
 sensory stimulation techniques   ( see  Sensory 

stimulation techniques)  
  Compensatory strategies 

 instrumental evaluation , 385, 387  
 management , 389–391  
 VFSS , 387   

  Concurrent chemoradiation therapy (CCRT) , 948   
  Confocal laser endomicroscopy (CLE) , 582   
  Congestive heart failure (CHF) , 200   
  Cortical control.    See  Cerebral cortex control  
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  Coughing 
 tussigenic challenges , 206  
 volitional swallow 

 inter-cordal and intra-tracheal pressure , 264  
 videoendoscopy and manomerty , 263   

  Coupling and uncoupling , 145–146   
  Cricopharyngeal achalasia 

 clinical presentation 
 respiratory symptoms , 519  
 symptoms , 517, 519  

 cricopharyngismus , 524–525  
 CT/MRI imaging , 521  
 de fi nitions , 516–517  
 description , 515  
 diagnostic testing , 516  
 EMG   ( see  Electromyography) 
 endoscopic evaluation , 520  
 etiopathogenesis 

 conditions , 517, 519  
 contour plot, high-resolution solid-state 

manometry , 517, 518  
 description , 517  
 manometric tracings , 517, 519  

 hypertonicity , 525, 526  
 intraluminal manometry , 521–522  
 LES , 515–516  
 physical examination , 519  
 PUBMED , 515  
 therapy 

 botulinum toxin , 523  
 dietary modi fi cations , 523  
 dilation, CP muscle , 523  
 myotomy , 523–524  
 swallow , 523  
 treatment , 522  

 UES , 516  
 video fl uoroscopic evaluation , 520–521   

  Cricopharyngeal dilation , 821   
  Cricopharyngeal dysfunction , 397, 400, 428, 523, 825, 

826, 841, 952   
  Cricopharyngeal hypertonicity 

 cervical symptoms , 525  
 de fi nition , 517  
 globus sensation , 525  
 hypertonic UES patient , 525, 526  
 treatment , 825  
 UES pressures , 525   

  Cricopharyngeal (CP) muscle 
 anatomy , 236, 237  
 cricoid cartilage , 530  
  fi bers , 238  
 hypertonicity , 525  
 PES 

 descriptions, transverse ridge , 510  
 diagnosis , 511–512  
  fi brosis , 510  
 lateral radiographs , 510  
 muscle , 510  
 muscular layer , 511  
 pharyngeal out fl ow resistance , 511  

 pharyngeal transit and contraction , 511  
 sagittal and transverse diameter , 511  
 treatment 
 treatment: botolinum toxin injection , 512  
 treatment: dilatation , 512  
 treatment: dysfunction , 512–513  
 treatment: FOSS , 513  
 treatment: myotomy , 513  
 treatment: objective , 512  
 treatment: structural disorders , 512  
 UES , 510  
 UES pressure and relaxation , 511  

 pharynx and esophagus , 510   
  Cricopharyngeal myotomy 

 complication , 839–840, 843  
 description , 829  
 distal causes , 830  
 endoscopic   ( see  Endoscopic cricopharyngeal 

myotomy) 
 iatrogenic causes , 830  
 idiopathic cricopharyngeal muscle , 829–830  
 indications , 830, 841  
 myogenic disorders , 829  
 myogenic dysphagia   ( see  Myogenic dysphagia) 
 neurologic dysphagia   ( see  Neurologic dysphagia) 
 neurologic oropharyngeal dysphagia , 829  
 open   ( see  Open cricopharyngeal myotomy) 
 open diverticulectomy , 854  
 outcomes , 524  
 pharyngo-oesophageal junction , 504  
 physiological effects , 831–832  
 technique 

 cricopharyngeus , 841  
 distending diverticuloscope , 841  
 incised mucosa , 842  
 nasogastric tube , 842–843  
 operation , 841  

 UES , 830  
 upper esophageal sphincter , 838–839   

  Cricopharyngeus (CP) 
 anatomical depiction , 848  
 UES closing muscles 

 motor innervation , 239–240  
 muscle composition , 236, 238   

  Cricopharyngeus muscle (CPM) 
 anatomical depiction , 847, 848  
 buccopharyngeal fascia , 843  
 deglutitive sphincter relaxation , 502  
 extrinsic muscles , 185  
 orad movement , 522  
 re fl ex stimuli , 40  
 video fl uoroscopy , 426   

  Cricopharyngismus 
 airway obstruction , 524  
 de fi nition , 517  
 description , 524  
 gastroesophageal re fl ux , 524  
 LES , 524  
 presumptive diagnosis , 525  
 UES , 524–525   
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  Crural diaphragm , 92   
  CSE.    See  Clinical swallowing examination (CSE)  
  Cytomegalovirus (CMV) infection 

 AIDS , 661, 664  
 diagnosis , 661–662  
 dysphagia and odynophagia , 661  
 hematological malignancy , 661  
 HSV , 663  
 management , 662  
 organ transplantation , 661  
 PCR , 662    

  D 
  DCI.    See  Distal contractile integral (DCI)  
  Deglutition 

 brainstem control   ( see  Brainstem control) 
 chemosensory stimulation 

 bolus , 22  
 capsaicin , 22–23  
 effectiveness, olfactory , 21–22  
 Parkinson’s disease , 22  
 post-stroke , 22  
 taste and smell , 22  
 thermal–tactile stimulation (TTS) , 22  

 control, cerebral cortex   ( see  Cerebral 
cortex control) 

 NG tube , 477–478  
 OG tube , 478  
 pharyngeal pressure   ( see  Pharyngeal and UES 

pressure phenomena) 
 respiratory system , 20  
 swallowing 

 activation , 19  
 age and gender , 20  
 control , 20  
 diagnostic and treatment modalities , 6–7  
 and dysphagia , 7  
 esophageal phase , 10–11  
 mechanism , 20  
 oral phase , 7–8  
 oral preparatory phase , 19–20  
 pharyngeal and esophageal phase , 20  
 pharyngeal phase , 8–10  
 process , 19  
 respiratory system , 20  

 syncope   ( see  Swallow syncope) 
 tracheotomy tube   ( see  Tracheotomy tube) 
 UES pressure   ( see  Pharyngeal and UES pressure 

phenomena)  
  Deglutition disorders 

 tongue strength , 802  
 tracheotomy tube and swallowing , 463, 467   

  Deglutitive axis.    See  Airway protective mechanisms  
  Deglutitive oral pressure phenomena 

 anterior mouth, supralingual pressure , 133  
 oral phase swallowing 

 amplitude, peristaltic waves , 133  
 infralingual pressure , 134–135  
 lingual pressure complexes , 135  

 nondeglutitive and deglutitive lingual 
pressure , 135  

 peristaltic pressure wave , 133, 135  
 supralingual pressures , 133, 134  
 tongue-palate pressures , 135  
 velocity, lingual peristalsis , 133   

  Deglutologist , 343, 804   
  DEI.    See  Drug-induced esophageal injury (DEI)  
  Dementias 

 AD , 412–413  
 DLB , 416–418  
 FTLD , 413–416  
 stroke and vascular dementia , 413   

  Dementia with Lewy bodies (DLB) 
 appetite , 417–418  
 prevalence , 416  
 symptom domain, and AD , 417–418  
 UPDRS and NPI score , 417–418  
 visual hallucinations , 418   

  Dentition , 127   
  Dermatomyositis (DM) 

 immunological stains , 426  
 and PM , 425   

  DES.    See  Diffuse esophageal spasm (DES)  
  Diagnosis 

 anastomotic stricture , 606  
 BE 

 columnar epithelium , 724  
 GERD , 724–725  
 goblet cells , 724  
 “Prague C and M criteria” , 725  

 caustic injury and stricture , 602–603  
 ESCC 

 AFI and CLE , 582  
 EGD , 580–581  
 EUS and radiology , 582–583  
 NBI , 581–582  
 thoracoscopy and laparoscopy , 583–584  

 esophageal rings , 608  
 esophageal webs , 610  
 GERD , 695  
 peptic stricture , 600–601  
 radiation strictures , 604–605   

  Diagnosis related groups (DRGs) , 323, 951   
  Diffuse esophageal spasm (DES) 

 pathophysiology , 568  
 spastic esophageal motility disorders , 

906–908   
  Digestion 

 deglutition   ( see  Deglutition) 
 food , 5  
 function, gastrointestinal tract   ( see  Gastrointestinal 

tract) 
 gastrointestinal system , 3–5  
 mechanical and chemical , 5  
 neural control, swallowing , 12–14  
 oral cavity , 12  
 rehabilitation, dysphagia , 14–15  
 saliva   ( see  Saliva) 
 stomach function , 5   
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  Dilation 
 Bougie dilating , 867  
 complications , 873  
 esophageal balloon , 866–867  
 esophageal bouginage , 866  
 treatment, dysphagia , 962  
 wrap , 635   

  Diminished UES deglutitive opening diameter 
 dysphagic patients , 534  
 healthy elderly adults , 533–534   

  Direct percutaneous endoscopic jejunostomy (D-PEJ) , 983   
  Displacement characteristics, aging pharynx 

 bolus swallow, gender , 217  
 differences , 218  
 elder and younger control subjects , 217  
 hyoid displacement , 217  
 implications , 219  
 liquid bolus swallow, measure , 218  
 pharyngeal constriction ratio (PCR) and measures , 218  
 pharyngeal peristaltic waves , 218  
  trans -UES sphincter pressure , 217–218  
 UES opening and gender differences , 217–218   

  Distal contractile integral (DCI) , 351, 563–564, 892   
  Diverticulostomy 

 endoscopic Zenker , 849  
  fl exible esophagoscopy-assisted , 855  
 laser-assisted endoscopic , 850  
 surgical options, ZD , 849   

  DLB.    See  Dementia with Lewy bodies (DLB)  
  DM.    See  Dermatomyositis (DM)  
  DMD.    See  Duchenne muscular dystrophy (DMD)  
  Dorsal motor nucleus , 91, 103   
  Drug-induced esophageal injury (DEI) 

 antibiotics , 649–650  
 antiviral agents , 650  
 bisphosphonates   ( see  Bisphosphonates) 
 chemotherapeutic agents , 652  
 clinical approach 

 biopsies , 648  
 complications , 649  
 Crohn’s disease , 649  
 HSV , 648–649  
 odynophagia , 647–648  
 upper GI endoscopy , 648  

 description , 645  
 epidemiology , 645–646  
 homeopathic pills , 653  
 iron , 652  
 MMF , 652–653  
 NSAIDs , 651  
 pathophysiology 

 gelatin and doxycycline capsules , 647  
 motility disorders , 647  
 prescribed medications , 647  
 sites, esophageal ulceration , 646  
 sleeping and heterogeneity , 647  

 potassium chloride , 651–652  
 prevention and treatment , 649  
 quinidine , 652   

  Duchenne muscular dystrophy (DMD) , 422, 424   

  Dysphagia 
 airway invasion , 146  
 and anti-re fl ux surgery   ( see  Anti-re fl ux surgery) 
 aspiration , 946, 947  
 bariatric surgery , 635–636  
 chemoradiotherapy   ( see  Chemoradiotherapy) 
 chest pain , 560  
 coordination, respiration and swallowing , 26  
 cortical stroke , 13  
 C-spine , 631–632  
 deglutitive relaxation , 525  
 EoE   ( see  Eosinophilic esophagitis (EoE)) 
 esophageal spasm , 568  
 esophagitis , 747–748  
 evaluation , 952  
 functional electrical stimulation 

 EMG , 816, 817  
 mechanisms , 816–817  

 gastric banding , 638–641  
 gastric bypass , 636–638  
 GERD 

 dysmotility , 706–707  
 esophageal hypersensitivity , 707  
 management , 717–718  
 peptic stricture   ( see  Peptic stricture) 
 Schatzki rings , 706  
 stricture , 706  
 surgical procedures , 706  

 globus pharyngeus , 450, 451, 453  
 hypercontractile LES , 573  
 hypertensive peristalsis , 571, 572  
 LGMD , 424  
 liquid , 517  
 medialization thyroplasty , 947  
 and mitochondrial myopathy , 423  
 oropharyngeal 

 history , 206  
 treatment , 210  

 progressive neurologic disease   ( see  Progressive 
neurologic disease) 

 psychogenic   ( see  Psychogenic Dysphagia) 
 radiotherapy   ( see  Radiotherapy) 
 rehabilitation , 14–15  
 risk, chronic diseases , 200  
 sleeve gastrectomy , 641–642  
 solid food and pill , 523  
 solids provoking , 517  
 swallowing and breathing , 202  
 swallow syncope , 446  
 symptoms , 848  
 systemic diseases   ( see  Systemic diseases, dysphagia) 
 thyroid , 632–633  
 treatment, oralpharyngeal , 210  
 Zenker’s diverticulum , 499, 500, 505–506   

  Dysphagia assessment and management 
 oropharyngeal , 358  
 PROM   ( see  Patient reported outcome measures 

(PROM)) 
 and re fl ux   ( see  Re fl ux) 
 symptom  vs.  QOL scores , 359   
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  Dysphagia screening , 383   
  Dysplasia, BE 

 cancer risk , 728  
 categorization , 728  
 cytological and architectural abnormalities , 

727–728  
 endoscopic eradication therapy   ( see  Endoscopic 

eradication therapy) 
 endoscopic surveillance , 729–730  
 esophagectomy , 730  
 high-resolution endoscopes , 728  
 intensive endoscopic surveillance , 730  
 Seattle biopsy protocol , 728   

  Dystonia 
 complications , 403  
 de fi nition , 402  
 diagnosis , 402–403  
 management , 403  
 pathophysiology , 402  
 prevalence/incidence , 402   

  Dystrophies 
 DMD , 422, 424  
 MD , 423–424  
 OPMD   ( see  Oculopharyngeal muscular dystrophy 

(OPMD))  
  Dystrophies and myopathies 

 de fi nition , 421  
 diagnosis 

 bulbar muscles , 427  
 description , 426  
 disorders, neuromuscular transmission , 427  
 hereditary motor neuron disorders , 427  

 management 
 assessment , 427  
 cricopharyngeal myotomy , 428  
 dysphagia rehabilitation methods , 428  
 nasogastric tube feeding , 427  
 tracheostomy , 427–428  

 pathophysiology 
 acquired muscle diseases , 425–426  
 genetic and acquired , 422  
 hereditary muscle diseases , 422–425  

 prevalence/incidence , 422    

  E 
  EAT-10.    See  Eating Assessment Tool-10 (EAT-10)  
  Eating Assessment Tool-10 (EAT-10) 

 administration , 359–360  
 description , 359  
 patient scores , 370  
 treatment , 360   

  Eating behavior 
 changes , 416  
 chemosensory function , 20  
 factors , 411–412  
 FTLD , 413–414  
 symptom domain, DLB and AD , 417   

  EBD.    See  Epidermolysis bullosa dystrophica (EBD)  
  Ebstein–Barr virus , 663   

  ECP.    See  Eosinophilic cationic protein (ECP)  
  Effects of aging 

 oral phase of deglutition   ( see  Oral phase of 
deglutition) 

 UES   ( see  Aging effects, pharynx and UES)  
  EGD.    See  Esophagogastroduodenoscopy (EGD)  
  Electrical stimulation treatment 

 dysphagia   ( see  Dysphagia) 
 FES   ( see  Functional electrical stimulation) 
 functional rehabilitation systems , 817–818  
 motor control disorders , 809  
 neuromuscular, deglutition 

 NMES , 813–815  
 submental and cervical regions , 

812–813  
 Vital Stim r  , 812  

 NMES , 810–811  
 sensory stimulation   ( see  Sensory stimulation) 
 sensory, swallowing , 814, 816  
 types , 809–810   

  Electromyography (EMG) 
 activation and evaluation , 525  
 cerebral cortex , 57, 60, 62  
 CP muscle , 522  
 intraluminal catheter , 57  
 limitation , 522  
 measurements , 160  
 neuronal  fi ring , 74  
 recordings , 522  
 sEMG , 787  
 UES tone , 243  
 use , 816, 817   

  Embryology 
 gestation , 165  
 human embryo development 

 arches , 165–167  
 pharyngeal pouches , 166–167   

  EMR.    See  Endoscopic mucosal resection (EMR)  
  Endoscopic cricopharyngeal myotomy , 840–841   
  Endoscopic eradication therapy 

 EMR   ( see  Endoscopic mucosal resection 
(EMR)) 

 endoscopic ablation 
 and EMR , 733–734  
 RFA and PDT , 732–733  

 lymph node metastases , 731  
 T staging , 731–732   

  Endoscopic injection 
 description , 823  
  fl exible upper endoscopy , 890  
 LES , 893  
 retro fl exed view and EUS , 890   

  Endoscopic mucosal resection (EMR) 
 description , 731  
 and endoscopic ablation , 733–734  
 ESCC , 589, 590, 594–595  
 metachronous cancers , 732  
 neoplastic cells , 732  
 “suck and cut” method , 732  
 T staging , 731–732   
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  Endoscopic ultrasound (EUS) 
 CT scanning , 544  
 EMR specimen , 731  
 FNA , 582  
 MPS , 581–582  
 SEPS , 881–882  
 T staging performance , 594   

  Endoscopy 
 approach , 761  
 esophageal foreign bodies 

 acute dysphagia and chest pain , 617  
 airway determination , 618  
 barium evaluation , 619  
 capsule , 626  
 diagnosis and safe dilation treatment , 

619–620, 627  
 esophageal cancer , 622  
 eye glass lens, psychiatric inpatient , 616  
 gastrointestinal removal , 621  
 GI tract , 616  
 glucagon , 623  
 ingestions and food impactions , 619–620, 623  
 prevent mucosal trauma , 622  
 removal , 626  
 Steigmann–Goff , 623  
 stomach , 625  
 therapy , 620–621  

 grading and measurement , 762  
 sliding hiatus hernia , 760   

  Eosinophilic cationic protein (ECP) , 675   
  Eosinophilic esophagitis (EoE) 

 clinical evaluation 
 children  vs.  adults , 677  
 dietary modi fi cation , 676  
 dysphagia and food impaction , 675–676  
 feeding , 676  
 physical examination , 677  

 de fi nition , 672  
 endoscopic and manometric evaluation 

 classi fi cation and grading system , 678, 679  
 description , 677, 678  
 EGD , 677  
 prevalence , 678  
 sensitivities , 677–678  

 esophageal perforation , 682  
 esophageal stricture , 681–682  
 food bolus impaction , 682  
 and GERD , 679–681  
 histopathology , 673, 679  
 impaired quality of life , 681  
 incidence and prevalence , 672–673  
 malignancy risk , 682  
 natural history , 681  
 pathophysiology 

 aeroallergens , 674  
 blood vessels , 675  
 endosonography , 675  
 eotaxin-3 , 674  
 food hypersensitivity , 673–674  
 interleukin-5 (IL-5) , 674  
 MBP, EPO and ECP , 675  

 secondary causes , 673  
 TSLP , 674–675  

 therapy 
 initial   ( see  Initial therapy for EoE) 
 maintenance , 687  
 treatment options , 682–684   

  Eosinophil peroxidase (EPO) , 675   
  Epidermolysis bullosa dystrophica (EBD) 

 description , 488  
 mucosal abnormalities , 488–489   

  EPO.    See  Eosinophil peroxidase (EPO)  
  Eructation 

 liquid re fl ux , 524  
 social embarrassment , 524   

  Esophageal and airway protective re fl exes 
 deglutition apnea , 297, 298  
 LES relaxation re fl ex response , 299  
 maldevelopment and maladaptation , 299–300  
 premature infants , 298  
 secondary esophageal peristalsis , 297, 299  
 UES contractile re fl ex , 297–299   

  Esophageal contraction segments 
 amplitudes , 348–349  
 HRM , 351–352  
 peristaltic wave , 346, 348  
 smooth muscle esophagus , 349–350  
 striated muscle esophagus , 349  
 transition zone , 349, 350  
 UES , 349   

  Esophageal disorders 
 acidi fi cation , 203  
 neural , 203  
 nitrogen oxides , 204  
 opioid receptors , 204  
 tachykinins , 203–204  
 vanilloid receptors , 204   

  Esophageal embryology 
 differentiation, smooth muscle , 271  
 early digestive system , 270  
 ectoderm and endoderm , 270  
 embryonic and fetal periods , 270  
 epithelium , 271  
 gut development , 270  
 human embryo , 270  
 interstitial cells of Cajal (ICC) , 271  
 intra and extraembryonic region , 270  
 migration, neural crest cells , 271  
 neurulation process , 270  
 newborn period , 272  
 origin, gastroesophageal (GE) junction , 271  
 peristaltic movements , 271–272  
 smooth and skeletal muscle mixture , 271  
 smooth and striated muscle formation , 271  
 trimester , 271   

  Esophageal foreign bodies 
 complications , 626  
 diagnosis 

 barium evaluation , 619  
 children , 618–619  
 CT and MRI , 619  
 endoscopy , 619–620  
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 food ingestions and impactions , 619  
 plain  fi lms radiographs, chest and abdomen , 

618, 619  
 epidemiology , 615–616  
 food bolus impaction , 622–623  
 history and physical examination , 617–618  
 management , 627  
 pathophysiology and genesis , 616–617  
 postoperative care , 626  
 treatment 

 anesthesia , 622  
 coins, button batteries, and magnets , 624–625  
 conservative management , 620  
 endoscopic therapy , 620–622  
 equipments , 621  
 food bolus impaction , 622–623  
 glucagon , 620  
 iatrogenic , 626  
 indication and timing , 621  
 long objects , 625  
 nitroglycerin and nifedipine , 620  
 overtubes , 621–622  
 radiology methods , 620–621  
 sharp objects , 623   

  Esophageal hypercontractility , 564   
  Esophageal manometry 

 conventional , 345–346  
 HRM , 346–347   

  Esophageal motor physiology, peristalsis 
 functions 

 contraction amplitude , 305  
 conventional and high-resolution manometry , 

304  
 longitudinal muscle contraction , 304–305  
 peristaltic , 303  
 primary , 304  
 secondary , 305  
 velocity, wave , 304, 305  

 longitudinal muscle and muscularis mucosa , 
312–314  

 neurotransmitters , 311–312  
 peripheral neurogenic control   ( see  Peripheral 

neurogenic control) 
 physiological control , 305–306   

  Esophageal peristalsis 
 amplitude, peristaltic wave , 347–348  
 manometric trace , 347  
 motor activity , 347  
 pressure waves , 348  
 ring-like contraction , 347  
 swallow-induced , 348   

  Esophageal pressure topography (EPT) esophageal 
spasm 

 Chicago classi fi cation , 564  
 contractile 

 distal latency (DL) , 564  
 front velocity (CFV) , 563  
 vigor , 563–564  

 EGJ anatomy and deglutitive relaxation , 
562–563  

 upper esophageal sphincter (UES) , 564   

  Esophageal rings 
 de fi nition , 607  
 diagnosis , 608  
 management , 608–609  
 pathophysiology , 607–608  
 prevalence , 607   

  Esophageal sensation 
 aging effect, balloon distention , 289–290  
 Barrett’s esophagus , 289  
 changes, aging , 288  
 GERD patients , 288–289  
 peristalsis , 290   

  Esophageal spasm 
 diagnosis , 568–569  
 inhibition, nitric oxide , 568  
 pathophysiology , 568  
 treatment 

 endoscopic , 570  
 EPT , 569  
 motility disorders , 570  
 pharmacology , 570  
 rapid and premature contractions , 569–570  
 surgical , 570   

  Esophageal squamous cell carcinoma (ESCC) 
 achalasia and Heller myotomy , 594  
 adverse effects , 595  
 cancer management   ( see  Cancer management, ESCC) 
 chemoprevention , 588  
 CIAPIN1 and survivin expression , 584  
 CyclinD1 and E-Cadherin expression , 586  
 diagnosis 

 AFI videoendoscopy and CLE , 582  
 EGD , 580–581  
 EUS and radiology , 582–583  
 NBI , 581–582  
 thoracoscopy and laparoscopy , 583–584  

 incidence , 579, 580  
 risk factors 

 achalasia and tylosis , 587  
 HNSCC and HPV , 588  
 scleroderma , 587  
 tobacco and alcohol , 586  

 screening , 588  
 surveillance , 588  
 TNM staging , 584, 585   

  Esophageal stenting 
 achalasia treatment , 885  
 description , 878  
 FDA and SEPS , 879  
 malignant dysphagia   ( see  Malignant dysphagia) 
 partially and fully covered stent , 879, 880  
 radiation strictures , 605  
 RBES , 878, 882–885  
 semirigid plastic , 878  
 SEMS , 878–879   

  Esophageal webs 
 de fi nition , 609  
 diagnosis , 610  
 pathophysiology , 609–610  
 prevalence , 609  
 treatment , 610   
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  Esophagectomy 
 anastomotic stricture , 605  
 deterioration , 548  
 ESCC , 591–592  
 lymph node metastases , 731  
 morbidity and mortality rates , 730  
 peptic strictures , 601–602  
 treatment, achalasia , 551  
 T staging , 731–732   

  Esophagitis 
 dysphagia , 747–748  
 eosinophilic   ( see  Eosinophilic esophagitis (EoE)) 
 GERD   ( see  Gastroesophageal re fl ux disease (GERD)) 
 infectious   ( see  Infectious esophagitis)  

  Esophagogastric junction (EGJ) 
 descriptive anatomy 

 diaphragmatic hiatus , 754–755  
 esophageal hiatal ori fi ce , 754  
 SCJ , 755  

 mobility   ( see  Mobility of the esophagogastric 
junction)  

  Esophago-gastric junction (EGJ).    See  Sphincter 
mechanisms, EGJ  

  Esophagogastroduodenoscopy (EGD) 
 achalasia , 587  
 AFI , 582  
 dysplasia , 583  
 EMR , 589  
 EoE , 677, 683, 686  
 LVLs , 580–581   

  Esophago-glottal closure re fl ex , 38–39   
  Esophago-UES contractile re fl ex , 36–38   
  Esophagus 

 adventitia , 278  
 anatomy , 272–274  
 benign   ( see  Benign esophageal strictures) 
 benign and malignant tumors   ( see  Esophageal 

squamous cell carcinoma (ESCC)) 
 embryology and development , 271–272  
 innervation system 

 enteric nervous , 283–284  
 parasympathetic , 282–283  
 sympathetic , 281–282  

 mucosa , 277–278  
 muscularis propria , 278  
 muscular layers , 274–276  
 vascularization 

 arteries , 278–279  
 lymphatic system , 280  
 venous system , 279–280   

  EUS.    See  Endoscopic ultrasound (EUS)  
  Evidence-based practice (EBP) 

 de fi ned , 800  
 electrical stimulation , 803–804  
 EMST , 804  
 exercise , 802  
 Lee Silverman Voice Treatment , 804  
 lingual strengthening , 802  
 maneuvers , 801–802  
 masako maneuver , 802–803  

 RCTs , 800  
 rehabilitative treatment techniques , 801  
 Shaker Exercise , 803   

  Expiratory muscle strength training (EMST) , 804   
  Extraesophageal re fl ux , 129, 433, 742, 748   
  Extrinsic innervation, LES , 322–323    

  F 
  FDA.    See  Food and Drug Administration (FDA)  
  Fear of swallowing , 775   
  Feeding 

 Alzheimer’s disease , 412  
 amplitude of sucking pressure , 156  
 behaviors , 387  
 clinical evaluation , 400  
 dementia , 411  
 frequency and periodicity, sucking , 154–156  
 malnutrition , 400  
 pharynx , 227  
 prenatal development , 151–152  
 respiratory–swallowing coordination , 31  
 sucking 

 amplitude, suck pressure , 156  
 breathing patterns , 157–158  
 evaluation , 153  
 frequency and periodicity , 154–156  
 measurement , 153  
 non-nutritive and nutritive , 153–154  
 swallow coordination , 156–158  
 swallowing management , 401  
 volume and length , 154   

  FEES.    See  Fiberoptic endoscopic evaluation of 
swallowing (FEES)  

  Fiberoptic endoscopic evaluation of swallowing (FEES) 
 MEBDT , 479  
 NG tube , 477  
 OG tube , 478  
 tracheotomy tube 

 aspiration status , 464  
 mechanical ventilation , 474, 475  
 one-way speaking valve placement , 473  
 pharyngeal and UES pressures , 471  
 pre-tracheotomy , 465   

  Firing of brainstem swallowing neurons 
 central pattern generator (CPG) , 68, 70  
 classi fi cation, neurons , 68, 69  
 interneurons , 71  
 motoneurons and preganglionic 

 esophageal , 68, 70  
 localization and activity , 68, 70  

 silent phasic neurons , 68  
 spontaneously active neurons , 68   

  Food and Drug Administration (FDA) , 870, 878, 879   
  Food impaction 

 dilation , 618  
 emetics , 620  
 endoscopy , 622  
 food bolus , 622–623  
 glucagon , 620  
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 ingestion , 616  
 Schatzki’s rings , 616  
 strictures/rings , 619  
 symptoms , 618  
 young adults , 617   

  Food properties , 127–128   
  Foreign bodies.    See  Esophageal foreign bodies  
  FOSS.    See  Functional outcome swallowing scale (FOSS)  
  Frequency and periodicity of sucking 

 bursting , 156  
 decreases , 156  
 non-nutritive sucking patterns , 155  
 number of sucks and time period , 154  
 performance , 156  
 volume and duration parameters , 154–155   

  Frontotemporal lobar degeneration (FTLD) 
 appetite , 414, 416  
 development order, abnormal eating symptom , 414  
 eating behaviors , 413–414, 416  
  fi beroptic endoscopic examination , 416  
 frontal variant, symptoms domains , 414  
 hypothalamus, behavioral-variant (bvFTD) , 415, 416  
 pathological mechanisms , 416  
 prevalence , 413   

  FTLD.    See  Frontotemporal lobar degeneration (FTLD)  
  Functional electrical stimulation (FES) 

 NMES , 811–812  
 peripheral muscle contraction , 811  
 sensory , 812  
 use , 816, 818   

  Functional magnetic resonance imaging (fMRI) 
 cerebral cortical 

 advantages and disadvantages, imaging modality , 60  
 cortical and subcortical activations , 60  
 oral phase , 58, 60  
 pharyngeal phase , 62  
 volitional swallowing , 57, 58  

 parasympathetic system , 283   
  Functional outcome swallowing scale (FOSS) , 513, 841, 

843, 844   
  Fundoplication 

 achalasia , 635  
 adequate mobilization , 958  
 bougie placement , 959  
 early postoperative dysphagia , 958  
 hiatal closure , 958–959  
 laparoscopic , 957  
 length and extention , 959–960  
 measurement parameters , 957  
 new onset , 958  
 Nissen technique , 957  
 open  vs.  laparoscopic , 958  
 partial  vs.  complete , 959  
 physiology 

 EGJ , 960  
 HRM, liquid and solid boluses , 960  
 manometric characteristics and distensibility , 960  
 vagally mediated re fl ex and TLESR , 960–961  

 Post-Nissen 
 causes, dysphagia , 633, 634  

 dysphagia , 633  
 endoscopic evaluation , 634  
 GERD , 633  
 hiatal closure, bio-absorbable mesh , 634  
 preoperative symptoms , 633–634  

 prosthetic crural repair , 960  
 slipped, double-chambered stomach , 634–635  
 Tight Nissen , 635  
 Toupe , 634   

  Fungal esophagitis 
 blastomyces and histoplasma , 660–661  
 candidal infection   ( see  Candidal infection)   

  G 
  Gastric banding 

 bariatric surgery , 638  
 designs, low volume and high-pressure balloons , 638  
 dysphagia , 638  
 effects, lower esophageal sphincter (LES) , 640  
 esophageal dilation and grading , 639–640  
 megaesophagus and pseudoachalasia , 640  
 obstructing lap band , 638, 639  
 radiography , 640  
 slippage , 638–639   

  Gastric bypass (GBP) 
 anastomosis, gastric pouch and small intestine , 637  
 dysphagia , 637  
 gastro-gastric  fi stula , 637  
 hiatal hernia , 636–637  
 modi fi cation, gastric outlet pouches , 637  
 roux limb , 637–638  
 ulcers , 637   

  Gastroesophageal re fl ux disease (GERD) 
 acid-suppressive agents , 715–716  
 alginic acid/alginates , 710  
 anti-re fl ux agents , 716–717  
 asthma   ( see  Asthma) 
 BE 

 buffering effects, food ingestion , 726  
 esophageal adenocarcinoma , 725–726  
 intestinal metaplasia , 724–725  
 progenitor cells , 726–727  
 treatment , 729  

 chronic cough   ( see  Chronic cough and GERD) 
 comorbid diseases , 702, 703  
 complications , 701  
 de fi nition , 694–695  
 description , 694  
 diagnosis , 695  
 dysphagia   ( see  Dysphagia) 
 EoE 

 allergic cell mediators and biomarkers , 680  
 blood vessels , 675  
 dysphagia and food impaction , 679  

 PPI therapy   ( see  Proton pump inhibitor (PPI) therapy) 
 epidemiology 

 BE , 695  
 diets , 696  
 distribution , 696  
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Gastroesophageal re fl ux disease (GERD) (cont.)
  Helicobacter pylori  infection , 696  
 prevalence and severity, esophagitis , 695–696  

 esophageal and extraesophageal syndromes , 739–740  
 exacerbate heartburn , 702, 703  
 H 

2
 RAs , 709–710  

 impact, deglutition , 704–705  
 impaired esophageal clearance , 699–700  
 lifestyle modi fi cations 

 foods and measures , 708  
 obesity , 708–709  

 management , 707  
 mucosal protection , 717  
 natural history , 703–704  
 neuromuscular abnormalities , 697–699  
 NSAIDs , 701–702  
 OTC , 708  
 pathogenesis , 696–697  
 PPIs   ( see  Proton pump inhibitors (PPIs)) 
 prevalence , 358  
 prokinetics , 716  
 re fl ux 

 Chinese GERDQ , 366–367  
 GERD-HRQL , 369  
 impact scale , 365–366  
 QOL , 368–369  
 questionnaire (GERD-Q) , 366  

 re fl uxate , 700  
 sucralfate , 710  
 tissue resistance , 700–701  
 visceral pain modulators , 717   

  Gastroesophageal re fl ux disease questionnaire 
(GERD-Q) , 366   

  Gastroesophageal re fl ux (GER) laryngitis , 742, 744   
  Gastrointestinal Quality of Life Index (GIQLI) , 369, 375   
  Gastrointestinal Symptom Rating Scale (GSRS) , 367, 

373–374   
  Gastrointestinal tract 

 control , 12  
 function 

 absorption , 6  
 defense , 6  
 digestion , 5–6  
 ingestion , 5  

 oral cavity , 12   
  GBS.    See  Guillain–Barre syndrome (GBS)  
  GERD.    See  Gastroesophageal re fl ux disease (GERD)  
  GERD-Health Related Quality of Life (GERD-HRQL) , 

369, 375   
  GERD impact scale , 365–366, 373   
  GERD-Q.    See  Gastroesophageal re fl ux disease 

questionnaire (GERD-Q)  
  GIQLI.    See  Gastrointestinal Quality of Life Index 

(GIQLI)  
  Globus 

 cervical oesophageal inlet patch , 451  
 description , 772  
 pathogenesis , 451–454  
 sensation , 519  
 symptom , 525  

 symptoms , 773  
 UES pressure , 525   

  Globus pharyngeus 
 antire fl ux therapy , 457  
 APC ablation, cervical oesophageal inlet patch , 457  
 associated conditions , 451  
 behavioural and psychotropic therapies , 457  
 de fi nition , 449–450  
 diagnosis , 450  
 epidemiology , 450  
 natural history and prognosis , 457–458  
 pathogenesis 

 cricopharyngeal hypertonicity , 451–452  
 dose-response relationship , 454  
 gastroesophageal re fl ux , 453  
 hypersensitivity , 453  
 manometric assessments , 453  
 mechanisms , 451  
 oesophageal acid exposure , 454  
 prevalence , 453–454  
 respiratory oscillatory augmentation, UES , 452–453  

 physical examination , 450–451  
 psychological features 

 anxiety and depression , 455  
 life stress events , 455–456  
 treatment , 457  

 Rome III diagnostic criteria , 450  
 symptom , 450  
 visceral hypersensitivity , 454–456   

  GSRS.    See  Gastrointestinal Symptom Rating Scale 
(GSRS)  

  Guillain–Barre syndrome (GBS) , 405–406    

  H 
  Head and neck cancer 

 chemoradiotherapy , 434  
 NMES , 437  
 salivary function, radiotherapy effects , 433   

  Head and neck squamous cell carcinoma (HNSCC) , 
580–581, 588   

  Hereditary muscle diseases 
 congenital muscular dystrophy , 425  
 congenital myopathies , 425  
 DMD , 424  
 LGMD , 424–425  
 MD , 423–424  
 mitochondrial myopathies , 423  
 oculopharyngodistal myopathy , 425  
 OPMD   ( see  Oculopharyngeal muscular dystrophy 

(OPMD))  
  Herpes simplex virus (HSV) 

 DEI , 648–649  
 description , 662  
 diagnosis , 663  
 management , 663  
 symptoms , 662  
 ulcers , 663  
 VZV , 663   

  HH.    See  Hiatus hernia (HH)  
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  Hiatal hernia 
 clinical presentations 

 description , 764–765  
 dysphagia , 765–766  
 gastro-esophageal re fl ux disease , 765  

 diagnose 
 endoscopy , 760–762  
 high-resolution manometry , 762–764  
 radiology , 759–760  

 EGJ   ( see  Esophagogastric junction (EGJ)) 
 factors 

 age , 758  
 iatrogenic, traumatic/congenital etiology , 759  
 obesity , 758  

 LES and CD , 754  
 types 

 gastric cardia , 758  
 paraesophageal , 757  
 sliding hiatal and paraesophageal hernia , 757   

  Hiatus hernia (HH) , 698–699   
  High-resolution impedance manometry (HRIM) , 352   
  High-resolution manometry (HRM) 

 application , 351  
 catheter , 347  
 clouse plot , 349  
 contraction front velocity (CFV) , 350, 351  
 description , 346  
 EGJ , 762–763  
 esophageal disease   ( see  Esophageal pressure 

topography (EPT) esophageal spasm) 
 esophageal peristalsis , 348, 349  
 features , 762  
  fi xed mechanical obstruction , 352  
 HRIM , 352  
 image-based paradigm , 351  
 intrabolus pressure , 352  
 onscreen software tools , 351  
 pressure morphology , 763–764  
 RIP , 763   

  Histamine H 
2
 -receptor antagonists (H 

2
 RAs) , 709–710, 

713, 714   
  HNSCC.    See  Head and neck squamous cell carcinoma 

(HNSCC)  
  HPV.    See  Human papillomavirus (HPV)  
  H 

2
 RAs.    See  Histamine H 

2
 -receptor antagonists (H 

2
 RAs)  

  HRIM.    See  High-resolution impedance manometry 
(HRIM)  

  HRM.    See  High-resolution manometry (HRM)  
  HSV.    See  Herpes simplex virus (HSV)  
  Human immunode fi ciency virus (HIV) infection 

 Candida , 659, 660  
 CMV , 661  
 description , 664  
 HSV , 662   

  Human papilloma virus (HPV) , 435, 588, 663–664   
  Hypercontractile lower esophageal sphincter 

 botulinum toxin , 573  
 classi fi cation , 573, 574  
 heartburn , 573  
 hypertensive LES , 573, 574  

 mechanisms , 573  
 relaxation , 573  
 treatment , 573   

  Hypertensive esophageal peristalsis 
 diagnosis , 566, 572  
 HRM and EPT , 571–572  
 manometric de fi nition , 571  
 pathophysiology , 571  
 pharmacologic treatment , 572–573  
 and spastic “nutcracker” , 572  
 ultrasound , 571   

  Hypopharyngeal pharyngoplasty (HPPP) , 923–924   
  Hypopharynx , 169–170    

  I 
  IBM.    See  Inclusion body myositis (IBM)  
  ICCs.    See  Interstitial cells of Cajal (ICCs)  
  Idiopathic pulmonary  fi brosis (IPF) , 210   
  IEM.    See  Ineffective esophageal motility (IEM)  
  Impaired esophageal clearance, GERD , 699–700   
  Impedance testing 

 bolus transit , 553  
 ineffective liquid swallows , 553   

  Implications for swallowing 
 dilation and constriction , 223  
 dysphagia risks and prevention , 223, 224  
 eating , 223  
  fl uoroscopy , 223  
 sensory capability , 223  
 transit times , 223  
 UES opening , 223–224   

  IMRT.    See  Intensity-modulated radiotherapy (IMRT)  
  Inclusion body myositis (IBM) 

 description , 426  
 muscular disorders , 422   

  Ineffective esophageal motility (IEM) 
 description , 552  
 diagnostic evaluation , 553, 554  
 distal esophagus with amplitudes , 553  
 epidemiology and pathophysiology , 553  
 GERD , 707  
 manometric pattern , 552  
 treatment , 553–554  
 ultrasonic measurements , 707   

  Ineffective esophageal peristalsis 
 high-resolution manometry , 553, 554  
 IEM   ( see  Ineffective esophageal motility (IEM))  

  Infant rumination syndrome 
 adolescent   ( see  Adolescent rumination syndrome) 
 adult   ( see  Adult rumination syndrome) 
 description , 778  
 developmentally delayed , 778–779  
 treatment , 778   

  Infectious esophagitis 
 actinomyces , 665  
 bacterial , 664  
 clinical approach , 658  
 CMV , 661–662  
 description , 657–658  
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Infectious esophagitis (cont.)
 fungal   ( see  Fungal esophagitis) 
 HIV , 664  
 HPV , 663–664  
 HSV , 662–663  
 leishmaniasis , 665  
 predisposing factors , 658  
 treponema pallidum , 665  
  Trypanosoma Cruzi  , 665  
 tuberculosis (TB) , 664–665  
 VZV and Ebstein–Barr virus , 663   

  Infrahyoid (IH) muscles , 530–531   
  Infralingual pressure , 133–134   
  Ingestion, foreign body 

 accidental coin , 616  
 alcohol , 622  
 button battery , 625  
 detecting complications , 618, 619  
 history , 617–618  
 intentional , 616  
 metal , 619  
 radiography, chest and abdomen , 618   

  Initial therapy for EoE 
 corticosteroids , 684  
 dietary therapy , 685  

 disadvantages , 686  
 effectiveness , 685  
 SFED , 685–686  

 esophageal dilation , 686–687  
 mepolizumab , 685  
 montelukast , 684–685  
 topical steroids , 684   

  Integration of central and peripheral mechanisms , 311   
  Intensity-modulated radiotherapy (IMRT) , 437   
  Inter-cordal pressure , 264   
  Interneurons , 71   
  Interstitial cells of Cajal (ICCs) 

 development, esophagus , 271  
 LES , 325  
 myogenic control mechanisms , 310  
 neuromuscular activity , 284   

  Intraoperative radiotherapy (IORT) , 435   
  Intra-tracheal pressure , 264   
  IORT.    See  Intraoperative radiotherapy (IORT)   

  L 
  Laparoscopic Heller myotomy , 901–902   
  Laryngeal adductor re fl ex (LAR) , 262, 463, 464, 817, 

951–952   
  Laryngocoele , 504–505   
  Laryngohyoid suspension 

 aspiration , 930  
 dysphagia and larynx , 930  
 ef fi cacy, intervention , 943  
 GERD , 943  
 life-threatening aspiration , 941  
 mandibular-hyoid integrity , 931  
 nasogastric/PEG tube , 930  
 normal deglutition , 930, 931  

 patient counseling , 932–933  
 postoperative evaluation 

 larynx and esophageal , 941  
 LES and long-term outcome , 940  
 outcome measurement , 937–940  
 patient outcomes , 937–939  
 PEG tube and video fl uoroscopy , 940  

 postoperative protocol , 937  
 preoperative workup , 932  
 procedure 

 aim and indication , 931  
 factors , 931–932  

 radiotherapy/radiochemotherapy and  fi xation , 941  
 surgical procedure   ( see  Surgical treatment) 
 therapeutical approach, chronic aspiration , 941, 942  
 UES myotomy , 930, 941   

  Laryngopharyngeal re fl ux (LPR) 
 abnormal larynx , 742–743  
 laryngeal tissue , 742  
 mechanisms , 742  
 pH monitoring , 743–744  
 PPIs , 744, 745  
 symptoms , 742   

  Laryngotracheal separation (LTS) 
 alimentary tract and anterior tracheal cartilages , 951  
 cricopharyngeal myotomy , 952  
 description , 950  
 DRGs and wRVUs , 951  
 juxtaposition and TIAF , 951  
 LAR , 951–952  
 proximal blind pouch and proximal tracheal stump , 

950  
 proximal stump , 951  
 swallow and phonation , 952  
 tracheoesophageal diversion procedure , 950  
 upper digestive tract , 950   

  Larynx 
 cartilage 

 arytenoid , 181  
 corniculate and cuneiform , 181  
 cricoid , 178, 181  
 elastic tissues , 182  
 epiglottis , 181  
 ossi fi cation , 181–182  
 thyroid , 178  

 development , 176–177  
 function , 175  
 infraglottic cavity , 184  
 internal anatomy , 183  
 mucosa , 184  
 muscles 

 cricothyroid , 185, 187  
 extrinsic , 185  
 images , 186  
 interarytenoid/aryepiglottic , 187  
 intrinsic , 185  
 lateral cricoarytenoid , 187  
 posterior cricoarytenoid , 187  
 thyroarytenoid , 187  

 paraglottic space , 184  
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 physiology 
 neuromuscular   ( see  Neuromuscular) 
 structure , 187–188  

 preepiglottic space , 184  
 pyriform sinus , 184  
 skeletal structure , 178, 180  
 ventricle , 183  
 vessels 

 arteries and veins , 184–185  
 lymphatics , 185  

 vestibule , 183  
 vocal , 183–184   

  LES.    See  Lower esophageal sphincter (LES)  
  Lesion location , 384   
  Lichen planus , 489   
  Life-threatening aspiration 

 airway patency and nutrition 
 compensatory swallow therapy , 946  
 dysphagia , 946  
 multitude, factors , 946  
 tracheal occlusion uses , 946  
 tracheotomy and PEG , 946  
 VAP , 946–947  

 anterior thyrotomy and infrahyoid approach , 948  
 CCRT and inadequate treatment , 948  
 description , 941  
 ef fi cacy, intervention , 943  
 functional larynx , 933  
 head and neck malignancies , 948  
 laryngectomy and LTS , 948–949  
 LTS , 950–952  
 narrow- fi eld laryngectomy , 949–950  
 neuromuscular disorders/neurological diseases , 948  
 pneumonia and CVA , 945  
 triple threat and clinical characteristics , 946  
 vocal cord paralysis 

 CaHA and g-tube uses , 947  
 framework thyroplasty and injection 

medialization , 948  
 laryngeal framework surgery and medialization 

thyroplasty , 947  
 medialization injection/injection thyroplasty , 947  
 protection levels and unilateral , 947   

  Ligament of Treitz (LoT) , 971   
  Lingual strengthening , 802   
  Longitudinal muscle 

 esophageal peristalsis 
 bolus transport , 312–313  
 deglutitive inhibition , 314  
 imaging , 326  
 opossum model , 313  
 substance P-mediated contraction , 313–314  

 imaging , 326   
  Lower esophageal sphincter (LES) 

 abnormal function , 291  
 age-dependent changes , 290  
 anatomy 

 circumferential squeeze , 320–321  
 crural diaphragm , 322  
 EGJ , 322, 323  

 external , 322  
 human autopsy specimens , 320, 321  
 muscle  fi bers , 320, 322  
 muscle thickness , 320  
 nerve varicosities , 321  
 shape and pressure, asymmetry , 320, 321  

 description , 697  
 dysfunction , 521, 893  
 esophageal motility , 290–291  
 extrinsic innervation , 322–323  
 healthy volunteers , 290–291  
 HH , 698–699  
 hypotensive LES , 698, 707  
 ICCs , 325  
 intrinsic innervations 

 ganglia , 323–324  
 inhibitory and excitatory nerves , 324–325  
 Mash-1 gene , 323  
 myenetric neurons , 325  
 Sox10 and Phox2b expression , 323  

 location , 201  
 myogenic tone and neural control 

 clasp  fi bers , 328–329  
 depolarized state , 328  
 description , 328  
 excitatory and inhibitory neurons , 329  
 hormones and neurotransmitters effects , 329, 330  
 myoelectrical complex (MMC) , 329  
 opening function , 336  
 tetrodotoxin (TTX) , 328  

 pressure , 327–328  
 pressure measurements , 291, 297  
 recording techniques 

 high-de fi nition recordings , 326, 327  
 high-resolution manometry (HRM) , 325–326  
 infusion manometry , 325  
 tomographic ultrasound image , 326  
 US imaging , 326  

 relaxation 
 dysfunction , 330  
 in vivo , 331  
 Nissen fundoplication , 331–332  
 NO , 330–331  
 vagus nerve-induced relaxation , 331  

 relaxation re fl ex response , 299  
 smooth muscle structure , 515  
 TLESRs , 697–698   

  Lower esophageal sphincter (LES) spastic disorders , 893   
  LPR.    See  Laryngopharyngeal re fl ux (LPR)  
  Lugol-voiding lesions (LVLs) , 580–581   
  Lungs 

 anatomy and physiology, deglutition 
 central neuronal mechanisms , 202  
 food transports, oral, pharyngeal and esophageal 

phases , 201  
 inspiration/expiration, breathing cycle , 202  
 signaling pathways, bronchoconstriction , 203–204  
 “swallowing apnea” , 201–202  

 aspiration 
 cough , 206  
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Lungs (cont.)
 detection , 204–205  
 diseases , 205–206  

 asthma and COPD , 207–208  
 barometers development , 210  
 breathing and swallowing , 199  
 dysphagia , 200  
  fi brosing lung disease , 209  
 IPF , 210  
 oral-pharyngeal dysfunction , 199  
 pulmonary and esophageal development   

( see  Pulmonary implications) 
 scleroderma , 209–210  
 therapeutic implications , 211  
 transplantation and GERD , 208–209  
 treatment, oralpharyngeal dysphagia , 210  
 tussigenic challenges, cough , 206   

  Lung transplantation 
 anti-re fl ux surgery , 209  
 bile acids , 208  
 bronchiolitis obliterans , 208  
 chronic aspiration, rats , 208  
 cough re fl ex and mucociliary clearance , 208  
 endoscopic re fl ux therapy , 209  
 GERD symptoms , 208–209  
 iatrogenic vagal nerve injury , 208  
 laparoscopic , 209  
 life-saving therapy , 208  
 PFTs , 208  
 prednisone and azithromycin , 209   

  LVLs.    See  Lugol-voiding lesions (LVLs)   

  M 
  Major basic protein (MBP) , 675   
  Malignant dysphagia 

 bridge to surgery 
 anastomotic leaks , 882  
 anorexia , 882  
 endoscopic ultrasound , 881–882  
 neoadjuvant therapy , 881  
 SEMS , 881  

 palliation , 879–881   
  Manometry 

 contour plot, high-resolution solid-state , 518  
 esophageal , 345–347  
 intraluminal 

 caveat , 521  
 deglutitive relaxation , 521  
 manometric probes , 522  
 motor quiescence , 521  
 smaller caliber endoscopes , 522  
 UES function and relaxation , 521  

 limitations , 243   
  Mapping 

 brain stem control 
 ambiguus complex , 103  
 c-fos/Fos , 102  
 dorsal motor nucleus, vagus , 103  
 formation, rhombencephalic reticular , 103  
 medullary interneurons , 101  

 microelectrode , 100  
 motoneurons , 101–102  
 pontine interneurons , 101  
 solitarius complex , 102–103  
 techniques , 100  

 chemomicrostimulation , 104–105   
  Mastication 

 activation, orofacial sensorimotor and premotor 
cortex , 60  

 affecting factors, internal and external , 124, 127  
 bolus , 201  
 consuming food , 123–124  
 CPG , 78  
 feeding , 152  
 food processing 

 eating and speaking , 125  
 jaw movement , 124  
 reducing food particles size , 124  
 soft palate , 126–127  
 tongue function , 124, 126  

 and gastric digestion , 968  
 inhibitory mechanism , 60  
 integration , 31  
 material , 139  
 motor changes, oral stage , 141  
 muscles , 140, 165  
 oral cavity , 5  
 oral phase , 7, 8  
 origin, mammalian feeding , 123  
 performance 

 dentition , 127  
 food properties , 127–128  

 process , 59  
 respiratory control and stability , 26–27  
 retronasal olfactory stimulation and swallowing , 21  
 rheumatoid arthritis , 490  
 stage I transport , 124   

  Maturation of upper and lower esophageal sphincter , 297   
  Mayo Dysphagia Questionnaire (MDQ) , 362, 371–372   
  MBP.    See  Major basic protein (MBP)  
  MD.    See  Myotonic dystrophy (MD)  
  MDADI.    See  MD Anderson Dysphagia Inventory 

(MDADI)  
  MD Anderson Dysphagia Inventory (MDADI) , 360–361, 

370   
  MDQ.    See  Mayo Dysphagia Questionnaire (MDQ)  
  MEBDT.    See  Modi fi ed Evans blue dye test (MEBDT)  
  Medialization thyroplasty , 947   
  MG.    See  Myasthenia gravis (MG)  
  MMF.    See  Mycophenolate mofetil (MMF)  
  Mobility of the esophagogastric junction 

 endoclip method , 756  
 LES , 755–756  
 motion , 756–757  
 phrenoesophageal ligament , 756   

  Modi fi ed Evans blue dye test (MEBDT) , 478–479   
  Motility 

 esophagus 
 LES , 290–291  
 literature , 290  
 motor function, esophageal body , 291–293  
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 and pressure phenomena  ( see  Motility and pressure 
phenomena)  

  Motility and pressure phenomena 
 anatomy and physiology 

 esophageal body , 344  
 innervation , 344–345  
 LES , 344  
 swallowing center , 344  
 UES , 344  

 contraction segments   ( see  Esophageal contraction 
segments) 

 functions , 343  
 manometry , 345–347  
 motor disorders , 343–344  
 peristalsis , 347–348   

  Motor evoked potentials (MEP) , 789   
  Motor innervation, UES 

 closing muscles 
 cervical esophagus , 240  
 cricopharyngeus , 239–240  
 inferior pharyngeal constrictor , 240  

 opening muscles 
 anterior muscles , 240–241  
 posterior muscles , 241   

  MS.    See  Multiple sclerosis (MS)  
  Mucosa 

 amina propria , 277  
 description , 277  
 mucous membrane , 277  
 muscularis , 277  
 pseudodiverticulosis , 278  
 racemose glands , 278  
 submucosa , 278   

  Multidisciplinary team , 775   
  Multiple sclerosis (MS) 

 complications , 399  
 de fi nition , 398–399  
 diagnosis , 399  
 management , 399  
 pathophysiology , 399  
 prevalence/incidence , 399   

  Muscle composition, UES 
 closing muscles 

 cervical esophagus , 238  
 cricopharyngeus , 236, 238  
 inferior pharyngeal constrictor (IPC) , 238  

 opening muscles, UES 
 anterior muscles , 238  
 histochemical and histology , 239  
 posterior muscles , 238–239   

  Muscle dysfunction.    See also  UES opening 
 cricopharyngeal , 830  
 laryngeal , 240  
 smooth , 675   

  Muscle paralysis , 889   
  Muscularis mucosa 

 and longitudinal muscle role, esophageal peristalsis , 314  
 propria , 278   

  Muscularis propria , 278   
  Muscular layers, esophagus 

 accessory bands , 275  

 circular muscle layer, internal , 275  
 fasciculi , 275  
 functional zones , 275  
 LES , 276  
 longitudinal  fi bers, external , 275  
 UES , 275–276   

  Myasthenia gravis (MG) 
 complications , 405  
 de fi nition , 404  
 diagnosis , 404–405  
 management , 405  
 pathophysiology , 404  
 prevalence/incidence , 404   

  Mycophenolate mofetil (MMF) , 652–653   
  Myenteric plexus , 908   
  Myogenic dysphagia 

 muscular disorders , 837  
 primary muscular disease , 838–839  
 tracheobronchial symptoms , 837–838   

  Myopathies 
 congenital , 425  
 mitochondrial , 423  
 oculopharyngodistal , 425  
 thyrotoxic , 426   

  Myotonic dystrophy (MD) 
 muscle biopsy , 424  
 prevalence , 423  
 radiologic evaluation, swallowing , 

423–424    

  N 
  Narrow band imaging (NBI) , 581–582   
  Narrow- fi eld laryngectomy 

 horizontal incision , 949  
 local anesthesia and intravenous sedation , 949  
 perichondritis and chondronecrosis , 950  
 tension-free closure,  fi stula formation , 949  
 trachea and pharynx , 949   

  Nascent esophagus 
 aerodigestive tract, neuroanatomical relationships , 

296  
 airway protective re fl exes   ( see  Esophageal and airway 

protective re fl exes) 
 deglutitive functions , 296  
 functions , 297  
 neonatal feeding problems , 296–297  
 peristalsis maturation, premature infants , 297  
 UES and LES maturation, premature infants , 

297   
  Nascent oral phase 

 chewing 
 ef fi ciency , 160  
 rate , 160–161  
 skills developments , 159–160  

 drinking behaviour, children 
 description , 158  
 discrete swallows , 158  
 measurement , 158  
 muscle activation patterns , 159  
 sequential swallows , 158–159   



1006 Index

  Nascent pharynx 
 aerodigestive relationships , 228  
 communication , 228  
 description , 227–228  
 functions , 228  
 innervation , 228–229  
 junction , 228  
 pharyngeal-glottal re fl exes , 230–231  
 physiology , 228  
 re fl exes , 229–230   

  Nasoenteric nasal tube , 969   
  Nasogastric (NG) tube 

 anterograde aspiration , 477  
 incidence, aspiration , 477  
 investigation , 477  
 placement , 477  
 and swallowing success , 477–478   

  Nasojejunal tube (NJT) , 982   
  Nasopharynx 

 boundaries , 168  
 eustachian tube , 168  
 extension , 167–168  
 Waldeyer’s ring, pharyngeal tonsil , 168   

  NBI.    See  Narrow band imaging (NBI)  
  Neural implications 

 bolus transit , 144  
 coupling , 144  
 fMRI , 145  
 improvement, sensory components , 145  
 initiation , 144  
 regions of interest (ROIs) , 146  
 subcortical networks , 145  
 uncoupling process, aging , 144, 145  
 video fl uoroscopy, healthy young swallowing , 145   

  Neural mechanisms , 75   
  Neuroanatomic organization 

 features , 91  
 motoneurons , 91–92  
 primary afferents and nuclei , 92–94  
 subcircuit 

 esophageal stage , 97–100  
 oral-stage , 96–97  
 pharyngeal stage , 97   

  Neurologic dysphagia 
 amyotrophic lateral sclerosis , 835–837  
 cerebrovascular accidents and vascular lesions , 

835–836  
 lesions , 835, 838  
 peripheral nervous system lesions , 835, 838  
 poliomyelitis, progressive and pseudobulbar palsy , 

835, 837   
  Neuromuscular abnormalities 

 description, LES , 697  
 HH , 698–699  
 hypotensive LES , 698  
 TLESRs , 697–698   

  Neuromuscular physiology 
 afferent system , 188–189  
 efferent system , 189–190  
 laryngeal , 190  

 phonatory , 194–195  
 protective , 190–193  
 respiratory , 193–194   

  Neuromuscular stimulation (NMES) 
 effects , 813  
 isometric contractions , 811  
 methods , 812  
 uses , 810, 815   

  Neuromuscular surface electrode electrical stimulation 
(NMES) , 437   

  Neuropsychiatric inventory (NPI) score , 417–418   
  Neurotoxin, BoNT , 889   
  Neurotransmitters 

 esophageal peristalsis 
 ganglionic transmission , 311–312  
 NO synthase , 312, 313  
 physiological role , 312  
 vagal efferent nerve stimulation , 312  

 interstitial cells of Cajal (ICCs) , 325   
  NG tube.    See  Nasogastric (NG) tube  
  NMES.    See  Neuromuscular surface electrode electrical 

stimulation (NMES)  
  Non-cardiac chest pain.    See  Nutcracker esophagus  
  Nonsteroidal anti-in fl ammatory drugs (NSAIDs) 

 aspirin , 651  
 bisphosphonates , 650–651  
 GERD , 701–703, 711   

  NPI score.    See  Neuropsychiatric inventory (NPI) score  
  NSAIDs.    See  Nonsteroidal anti-in fl ammatory drugs 

(NSAIDs)  
  Nucleus tractus solotarii (NTS) , 90, 102   
  Nutcracker esophagus 

 abnormal esophageal motility , 560  
 achalasia , 560  
 esophageal contractile disorders , 560  
 esophageal manometry 

 catheters , 560–561  
 contractile vigor , 563–564  
 distal contractile latency , 564  
 EPT , 562–563  
 propagation velocity , 563  
 Protocol , 561–562  
 techniques , 564–565  

 esophageal motor disorders 
 hypercontractile LES , 573–574  
 hypertensive peristalsis , 571–573  
 pathophysiology , 567–568  
 spasm , 568–570  
 spastic achalasia , 570–571  

 GERD , 574  
 HRM and EPT , 560  
 hypercontractile disorders , 560  
 spastic disorders , 560  
 symptom , 574    

  O 
  Obesity 

 BMI , 758  
 role , 758   
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  Oculopharyngeal muscular dystrophy (OPMD) 
 description , 422  
 distal neuropathy , 422  
 genetic testing , 425  
 incidence , 423   

  ODT.    See  On-demand therapy (ODT)  
  Odynophagia , 450   
  Olfaction , 20–21   
  On-demand therapy (ODT) , 714–715   
  Open cricopharyngeal myotomy 

 outcomes , 835  
 postmyotomy care   ( see  Postmyotomy care) 
 technique 

 cellular plane , 833  
 length , 834  
 low power diathermy , 834  
 patient position , 832  
 pharyngoesophageal junction and cervical 

mediastinum , 832  
 thyroid gland , 833   

  OPMD.    See  Oculopharyngeal muscular dystrophy 
(OPMD)  

  Oral cavity 
 anatomy 

 development , 119–120  
 structures , 118–119  

 digestion , 5–6  
 feeding, infants and children , 152  
 food manipulation and bolus propulsion , 142  
 food transporting , 7  
 functions , 138–139  
 gastrointestinal tract , 12  
 ingestion and digestion, food , 5  
 motor functions , 7  
 physiology 

 articulation , 121  
 respiration , 122  
 swallowing , 120–121  

 preparatory phase , 139  
 pressure , 133–134  
 receiving sensory inputs, NTS , 96  
 saliva function , 11, 129  
 sensory  fi bers , 8  
 size , 152  
 somatic type , 5  
 taste buds , 141   

  Oral phase of deglutition 
 cavity , 138–139  
 de fi nition, elderly , 138  
 motor changes 

 facial symptoms , 142  
 lingual pressure , 142–143  
 mastication , 141  
 production, saliva , 141–142  
 timing, swallowing events , 144  

 neural implications , 144–146  
 physiology 

 preparatory , 139  
 transport , 139  

 presbyphagia , 140  

 sensory changes 
 oral sensation , 141  
 smell , 141  
 taste , 140–141  

 time-delayed impact, high fertility rates , 138  
 WHO , 138   

  Oral phase preparation and propulsion 
 anatomy 

 development , 119–120  
 structure , 118–119  

 mastication   ( see  Mastication) 
 physiology 

 articulation , 121  
 control , 120  
 respiration , 122  
 swallowing , 120–121  

 rheology , 122–123  
 salivary production 

 anatomy , 128–129  
 dental caries and periodontal disease , 129  
 digestion and tooth decay , 128  
 dry mouth , 129  
 functions , 129  
 mucosa , 128  
 radiation therapy and anticholinergic medications , 

129   
  Oral phase propulsion.    See  Oral phase preparation and 

propulsion  
  Oral pressure complex 

 infralingual , 133–134  
 supralingual , 133–135   

  Orogastric (OG) tube , 478   
  Oropharyngeal swallow 

 bolus transport , 144  
 mechanism , 138  
 neural implications   ( see  Neural implications) 
 process , 138  
 reduction, lingual muscle composition , 143  
 saliva production , 141–142   

  Oropharynx 
 anatomy , 119, 120, 167  
 boundaries , 168  
 epiglottis , 168–169  
 extension , 168  
 food movements , 120–121  
 glossopharyngeal and vagus nerve , 

168, 169  
 liquid bolus , 121  
 location , 152  
 motor function , 343  
 oral transport , 139  
 radiation and chemotherapy , 32  
 respiration and speech , 168  
 sensory information, receptors , 20  
 solid food eating , 122  
 stage II transport, food processing , 127  
 tongue actions , 7  
 tongue  fi xation and movement , 169  
 vallecula, palatin and lingual tonsils , 169   

  Ossi fi cation , 181–182   
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  Outcome measure, PROM.    See  Patient reported outcome 
measures (PROM)  

  Over-the-counter (OTC) drugs , 708, 710–712, 714   
  Over-the-wire (OTW) , 861–862    

  P 
  Palliation 

 dysphagia scores , 880  
 malignant dysphagia , 879  
 orogastric pathway , 879  
 semirigid plastic stents  vs.  SEMS , 880–881  
 tracheo-esophageal  fi stulae , 880   

  Parasympathetic 
 extrinsic innervation, LES , 322–323  
 general visceral efferent column (GVEC) , 97, 100  
 innervation , 12, 241  
 nerves systems , 280–283  
 pregangliotic , 129   

  Parkinsonian syndromes 
 de fi nition , 397  
 diagnosis , 398  
 management , 398  
 pathophysiology , 398  
 prevalence and incidence , 397–398   

  Parkinson’s disease (PD) 
 complications , 397  
 de fi nition , 396  
 diagnosis , 396–397  
 management , 397  
 pathophysiology , 396  
 prevalence/incidence , 396   

  Pathophysiology, Zenker’s diverticulum 
 cricopharyngeal myotomy , 503, 504  
 herniation , 501  
 histopathological study , 502–504  
 intraluminal manometric traces , 502  
 manometry and radiographic tracings , 502, 503  
 posterior pharyngeal , 500–501  
 UES and hypopharyngeal intrabolus pressure , 504, 505  
 UES relaxation , 501–502   

  Patient reported outcome measures (PROM) 
 classi fi cation , 358  
 dysphagia 

 EAT-10 , 359–360  
 MDADI , 360–361  
 MDQ , 362  
 QOL instruments , 362  
 SSQ , 361–362  
 SWAL-QOL , 362–364  
 symptom instruments , 359, 360  

 outcome measures , 358–359   
  PCR.    See  Polymerase chain reaction (PCR)  
  PD.    See  Parkinson’s disease (PD)  
  PDT.    See  Photodynamic therapy (PDT)  
  Pemphigoid , 488   
  Pemphigus , 488   
  Peptic stricture 

 de fi nition , 599  
 diagnosis , 600–601  

 dysphagia 
 classi fi cation , 746  
 diagnosis , 746  
 endoscopy and barium swallow , 746  
 esophageal dilation , 746–747  
 intralesional corticosteroid injection , 747  
 treatment , 747  

 management , 601–602  
 pathophysiology , 600  
 prevalence , 599   

  Percutaneous endoscopic gastrostomy (PEG) 
 attaching tube, wire , 979  
 bolster  fi xing , 980  
 cannula and wire , 979  
 close snare, cannula , 978  
 description , 972, 975  
 endoscope withdraw , 979  
 incise skin , 977  
 oropharynx , 976  
 Ponsky-type tube , 972–973  
 position, prep, and sedate , 976  
 postcare , 980  
 prep and drape , 976–977  
 preprocedure consultation and examination , 975  
 reevaluate, stomach , 979–980  
 safe-tract technique , 977  
 snare , 977–978  
 “Time Out” , 976  
 trochar inserting , 978  
 U.S. gastrostomy utilization , 972, 973   

  Percutaneous endoscopic gastrostomy (PEG) tube , 940   
  Percutaneous endoscopic gastrostomy with jejunal 

extension tube (PEG-J) , 982–983   
  Periodicity of sucking.    See  Frequency and Periodicity 

of sucking  
  Peripheral electrical stimulation (PES) , 390   
  Peripheral innervation , 312–314   
  Peripheral neurogenic control 

 afferent sensory feedback , 310–311  
 calculation, peristalsis speed , 308  
 central and peripheral mechanisms , 311  
 electrical and mechanical events , 308, 309  
 electrical stimulation, intrinsic nerves , 307, 308  
 hyperpolarization , 307, 308  
 intramural myogenic control mechanisms , 308, 310  
 intrinsic neuromuscular mechanisms , 308, 310  
 tension-recording studies , 307  
 vagal efferent nerves , 306–307   

  Peristalsis 
 normal , 288, 292  
 old esophagus , 288  
 primary , 292  
 secondary esophageal , 290   

  Peroral endoscopic myotomy (POEM) , 905–906   
  PES.    See  Peripheral electrical stimulation (PES); 

Pharyngoesophageal segment (PES)  
  Pharmacotherapy, UES  .  See  Upper esophageal sphincter 

(UES) spastic disorder  
  Pharyngeal airway proection re fl exes 

 alcohol and cigarette smoking , 42  
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 belching , 43–44  
 glottal adduction , 41–42  
 safeguard measures , 42–43  
 UES contractile re fl ex 

 description , 40–41  
 posterior laryngitis , 41   

  Pharyngeal and UES pressure phenomena 
 differences, young and elderly , 258  
 evaluation , 257  
 events, oral cavity and glottis , 257  
 high pressure zone , 261–262  
 hypopharyngeal pressure wave and amplitude , 

257–258  
 manometric and video fl uoroscopic recordings , 259  
 peristaltic activity , 257  
 trans-sphincteric pressure gradient , 259–260  
 upstroke and bolus zone , 260–261  
 vocal cord closure pressure , 262–264  
 volume effect and age , 259   

  Pharyngeal-glottal re fl exes 
 birth , 230  
 glottal motion , 231  
 lack of ventilation , 231  
 neonatal life , 231  
 pharyngo-esophageal functions , 231  
 protection, airway , 231   

  Pharyngeal phase of deglutition , 229–230   
  Pharyngeal re fl exive swallow , 39–40   
  Pharyngeal transit time (PTT) , 788   
  Pharyngoesophageal segment (PES) 

 andrTMS , 390  
 CPM , 170  
 opening , 26  
 pharyngeal wal , 816  
 prevent inspired air , 26  
 UES , 510   

  Pharynx 
 anatomy , 167  
 development 

 arches , 165–166  
 embryologic , 165  
 pouches , 166–167  

 hypo , 169–170  
 naso , 167–168  
 oropharynx , 168–169  
 physiology , 170–173  
 respiratory-swallow pattern , 26   

  Phonation 
 staining, inter-cordal and intra-tracheal pressure , 

264  
 vocal cord closure pressure , 263   

  Photodynamic therapy (PDT) 
 Barrett’s esophagus (BE) , 732–733  
 ESCC , 589–590   

  Phrenoesophageal membrane , 756   
  Physiological control of esophageal peristalsis 

 central control mechanisms , 306  
 muscle esophagus 

 smooth , 306  
 striated , 305–306   

  Physiology 
 fundoplication , 960–961  
 nascent pharynx , 228  
 oral cavity 

 articulation , 121  
 control, CNS , 120  
 mastication   ( see  Mastication) 
 respiration , 122  
 swallowing , 120–121  

 pharyngeal phase 
 airway protection , 172–173  
 bolus propagation , 170, 172  
 and larynx , 172  
 lateral  fl uoroscopy , 171  
 naso and oropharynx , 172  
 Passavant’s ridge , 172  
 requirement, food and air movement , 170  
 tongue driving pressure , 173  

 reciprocal   ( see  Airway protective mechanisms) 
 UES 

 belching , 247  
 re fl exes   ( see  Re fl exes) 
 retching and vomiting , 247, 250  
 swallowing , 244–247  
 tone generation , 242–244   

  Placement techniques, tube feeding 
 acute complications 

 acute dislodgement , 975  
 anesthetic , 974  
 bleeding , 974–975  
 contraindications , 975  
 infection , 973–974  
 organs perforation , 974  

 blind , 971–972  
 description , 971  
 D-PEJ , 983  
 NJT , 982  
 PEG , 972  
 PEG-J , 982–983  
 Percutaneous endoscopic gastrostomy method , 

975–981  
 percutaneous radiological gastrostomy , 981  
 percutaneous stomas , 972–973  
 surgical stoma , 981–982   

  PM.    See  Polymyositis (PM)  
  Pneumatic dilation 

 balloons , 900  
 BoNT/A injection , 892  
 botulinum toxin injection , 903  
 cardiopulmonary status , 546  
 description , 544  
 esophageal perforation , 547  
 long-term ef fi cacy and complications , 545  
 myotomy , 893  
 physiologic studies , 546  
 predictors, relapse , 545, 546  
 purpose , 900–901  
 Rigi fl ex balloon dilation system , 901  
 surgical myotomy , 548–549  
  vs.  surgical myotomy 
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Pneumatic dilation (cont.)
 meta-analyses , 903  
 therapeutic success , 904  

 treatment, motility disorders , 570   
  Polymerase chain reaction (PCR) , 658, 662, 664   
  Polymyositis (PM) 

 description , 425–426  
 and DM , 425  
 swallowing impairment , 426   

  Positron emission tomography (PET) 
 cerebral cortex , 57, 58, 60  
 parasympathetic system , 283   

  Postmyotomy care , 834–835   
  Postoperative dysphagia 

 esophageal bolus transport , 957  
 esophageal motility , 956  
 fundoplication   ( see  Fundoplication) 
 manometric evidence , 957  
 persistent , 956  
 risk factor, presence of dysphagi , 956–957  
 swallowing improvement , 956   

  Post-polio syndrome (PPS) , 405   
  Postsurgical dysphagia 

 foregut surgery 
 adjustable gastric banding (AGB) , 638–641  
 bariatric surgery , 635–636  
 fundoplication   ( see  Fundoplication) 
 gastric Bypass , 636–638  
 laparoscopy surgery , 633  
 late 1980s , 633  
 sleeve gastrectomy , 641–642  

 head and neck 
 cervical spine surgery , 631–632  
 thyroid surgery , 632–633   

  Postural techniques 
 chin tuck , 793–794  
 description , 793   

  Potassium chloride (KCl) , 651–652   
  Pouches with separate necks , 496   
  PPIs.    See  Proton pump inhibitors (PPIs)  
  PPI therapy 

 acid re fl ux , 680  
 refractory re fl ux , 680  
 safety pro fi le , 680–681   

  PPS.    See  Post-polio syndrome (PPS)  
  Predicting neoplastic progression , 727   
  Premature infants 

 peristalsis maturation , 297  
 UES and LES maturation , 297   

  Prenatal development feeding , 151–152   
  Presbyesophagus , 288   
  Preservation laryngeal function , 929   
  Pressure phenomena.    See  Motility and pressure 

phenomena  
  Primary Sjögren’s syndrome (pSS) 

 description , 485  
 genetic factors , 485–486  
 patients , 486  
 treatment , 486  
 xerostomia , 486   

  Progressive neurologic disease 
 ALS and motor neuron disease , 400–401  
 ataxia , 401–402  
 chorea , 403–404  
 description , 395–396  
 dystonia , 402–403  
 GBS , 405–406  
 MG   ( see  Myasthenia gravis (MG)) 
 MS   ( see  Multiple sclerosis (MS)) 
 neurodegenerative disorders , 405  
 Parkinsonian syndromes , 397–398  
 PD   ( see  Parkinson’s disease (PD)) 
 PPS , 405  
 Wilson’s disease , 405   

  PROM.    See  Patient reported outcome measures (PROM)  
  Proton pump inhibitors (PPIs) 

 asthma and GERD , 744, 746  
 drug dose , 712–713  
 indications , 710–712  
 LPR , 744, 745  
 peptic strictures , 746, 747  
 rebound hypersecretion (RH) , 713–714  
 therapy 

 intermittent , 714  
 maintenance , 714  
 ODT , 714–715  
 patterns , 713  
 selection , 712  
 step-down , 714  

 use , 712   
  Pseudoachalasia 

 cause , 899  
 description , 899   

  Psychogenic dysphagia 
 description , 771–772  
 evaluation , 773–775  
 prevalence , 773  
 symptoms , 772–773  
 terminology , 772  
 treatment , 775   

  Pulmonary implications and esophageal development 
 congenital TEFs , 200–201  
 embryonic development, human , 200  
 variations, tracheoesophageal  fi stulas , 200    

  Q 
  QOLRAD.    See  Quality of Life in Re fl ux and Dyspepsia 

(QOLRAD)  
  Quality-of-life (QOL) 

 dysphagia , 362  
 GERD-QOL , 368–369  
 re fl ux   ( see  Re fl ux) 
 SWAL-QOL , 362  
 symptom scores  vs.  , 359   

  Quality of Life in Re fl ux and Dyspepsia (QOLRAD) , 
368, 375   

  Questionnaire 
 Carlsson-Dent questionnaire (QUEST) , 367, 

374–375  
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 Chinese GERDQ , 366–367, 373  
 GERD-Q , 366  
 MDQ , 362, 371–372  
 RDQ , 365, 372–373  
 SSQ , 361–362, 370–371   

  Quinidine , 646, 652    

  R 
  RA.    See  Rheumatoid arthritis (RA)  
  Radiation strictures 

 de fi nition , 603–604  
 diagnosis , 604–605  
 pathophysiology , 604  
 prevalence , 604  
 treatment , 605   

  Radiofrequency ablation (RFA) 
 Barrett’s esophagus (BE) , 732–733  
 ESCC , 590   

  Radiotherapy 
 description , 431  
 hyperbaric oxygen (HBO) treatment , 438  
 IMRT , 437  
 physiologic effects 

 early and late effects , 432  
  fi brosis , 432  
 high-dose radiation , 432  
 muscle strength , 432  

 quality of life , 433  
 salivary function , 433  
 swallowing pathophysiology 

 head and neck cancer , 434  
 IORT and brachytherapy , 435  
 oral phase swallow impairment , 434  
 pharyngeal phase swallow impairment , 434   

  Randomized controlled trial (RCTs) , 800   
  RBES.    See  Refractory benign esophageal strictures 

(RBES)  
  RDQ.    See  Re fl ux disease questionnaire (RDQ)  
  Rebound hypersecretion (RH) , 713–714   
  Reciprocal physiology.    See  Airway protective 

mechanisms  
  Re fl exes 

 esophago relaxation, UES , 251  
 pharyngeal-glottal re fl exes , 230–231  
 pharyngeal phase 

 deglutition apnea , 229  
 esophagus , 229–230  
 gestational maturation , 229  
 liquid stimuli , 230  
 solitary swallows, longitudinal maturation , 229  
 spontaneous primary peristalsis , 229, 230  
 swallowing , 229  
 UES relaxation , 229, 231  

 UES contractile 
 esophago , 251  
 lung , 251  
 pharyngo , 251  
 vestibulo , 251   

  Re fl exive pharyngeal swallow (RPS) , 35   

  Re fl ux 
 Carlsson-Dent questionnaire (QUEST) , 367  
 GERD 

 Chinese GERDQ , 366–367  
 GERD-Q , 366  
 impact scale , 365–366  

 GSRS , 367  
 QOL 

 general QOL instruments , 368  
 GERD-HRQL , 369  
 GERD-QOL , 368–369, 375  
 GIQLI , 369  
 QOLRAD , 368  
 tools , 367–368  

 RDQ , 365  
 self-reported assessment tools , 364  
 symptom assessment tools , 364   

  Re fl ux disease questionnaire (RDQ) , 365, 372–373   
  Refractory benign esophageal strictures (RBES) 

 biodegradable esophageal stents , 884–885  
 classi fi cation , 882  
 de fi nition , 882  
 expandable stent , 882–883  
 SEMS , 883–884  
 SEPS , 884   

  Regional cerebral blood  fl ow (rCBF) , 787   
  Rehabilitation , 436   
  Rehabilitation exercises , 390   
  Rehabilitative treatment 

 application , 804–806  
 description , 799–800  
 EBP   ( see  Evidence-based practice)  

  Reoperative antire fl ux surgery , 962   
  Repetitive transcranial magnetic stimulation (rTMS) , 

390–391   
  Respiration.    See  Respiratory-swallow pattern  
  Respiratory inversion point (RIP) , 763   
  Respiratory-swallow pattern 

 airway protection , 26  
 bolus propulsion , 26  
 coordination 

 aging effects , 31  
 airway protection , 27, 29  
 brainstem , 26  
 breathing cycle , 27  
 COPD control , 26–27  
 differences, feeding and upper airway , 27  
 expiratory and inspiratory  fl ow , 29  
 fundamental and clinical implications , 31  
 human and nonhuman animal models , 27  
 impairment and “disordered” , 31–32  
 inhibition , 27, 29  
 integration , 31  
 liquid swallows , 28–31  
 mechanical advantage , 29  
 “natural” eating and drinking behavior , 31  
 respiratory rhythm , 26  
 sequential swallowing , 27  
 solid food boluses , 29  
 subglottal pressure , 29–30  
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Respiratory-swallow pattern (cont.)
 “traction” forces , 29  
 video fl uorographic and nasal air fl ow recordings , 

27, 28  
 CPG , 26  
 cross-system and respiratory–swallowing impairment , 

32  
 genioglossus , 26  
 impacts , 32  
 larynx , 26  
 neural mechanisms , 26  
 pharynx and airway protection , 26  
 relationships , 32  
 sensorimotor mechanisms , 25–26  
 structures , 26  
 techniques , 32  
 traditional treatments , 33   

  Restoration oral intake 
 chronic aspiration , 930  
 normal/near normal diet , 943   

  Retrieval 
 button disk batteries , 625  
 devices , 621, 623–625  
 endoscopes , 621, 622  
 forceps , 624  
 net , 621, 623–626  
 sharp objects , 622   

  RFA.    See  Radiofrequency ablation (RFA)  
  RH.    See  Rebound hypersecretion (RH)  
  Rheology, oral phase preparation and propulsion 

 sequential straw/drinking , 122–123  
 solid food eating , 123  
 swallow initiation , 122  
 taste and chemesthesis , 122  
 two-phase food , 123  
 viscosity, liquid component , 122, 123   

  Rheumatoid arthritis (RA) 
 description , 490  
 dysphagia , 490  
 mechanisms , 490  
 treatment , 490   

  rTMS.    See  Repetitive transcranial magnetic stimulation 
(rTMS)  

  Rumination in the developmentally delayed , 778–779   
  Rumination syndrome 

 description , 777–778  
 infant   ( see  Infant rumination syndrome)   

  S 
  Safe-tract technique , 977   
  Saliva 

 autonomic innervation , 12  
 functions , 11  
 glands secretion , 11  
 tissues , 11–12   

  Sarcoidosis 
 description , 489  
 epitheloid granulomas , 489  
 oral corticosteroids , 489–490   

  Schatzki’s ring 
 de fi nition , 607  
 GERD , 706  
 pathophysiology , 607–608  
 prevalence , 607  
 treatment , 608–609   

  Scleroderma.    See  Systemic sclerosis (SSc)  
  Secondary causes of esophageal eosinophilia , 673, 679   
  Secondary dysfunction 

 traction force , 534  
 UES failure , 533   

  Self-expanding metal esophageal stents (SEMS) 
 advantages , 878–879  
 chemotherapy and/radiotherapy , 881  
 FC , 883–884  
 head and neck cancers , 881  
 high complication rates , 879  
 nasogastric/G tube feeding , 881  
  vs.  other groups , 885  
 palliation, malignant esophageal diseases , 880–881  
 partially covered , 883  
 semirigid plastic stents , 880  
 SEPS , 885  
 types and anti-re fl ux valves , 881  
 upper and lower ends , 885   

  Self-expanding plastic stents (SEPS) 
 diameters and lengths , 884  
 endoscopic ultrasound , 881–882  
 RBES , 884  
 and SEMS role , 881  
 success and complication rate , 884   

  SEMS.    See  Self-expanding metal esophageal stents 
(SEMS)  

  Sensory-motor physiology, aerodigestive tract , 296   
  Sensory stimulation techniques 

 carbonation   ( see  Carbonation) 
 description , 786  
 olfactory stimuli , 22  
 smell   ( see  Smell) 
 taste   ( see  Taste) 
 temperature   ( see  Temperature) 
 use , 811   

  SEPS.    See  Self-expanding plastic stents (SEPS)  
  SFED.    See  Six-food elimination diet (SFED)  
  Silastic medialization laryngoplasty 

 contraindications , 911–912  
 description , 911  
 indications , 911  
 surgical procedure 

 bipolar cautery and sharp dissection , 912, 913  
 carving left-sided implant , 916  
 excess implant , 919  
 inferior thyroid ala , 913, 914  
 inner perichondrium release , 913, 915  
 Kerrison rongeur , 913, 914  
 measuring, depth of medialization , 916  
 medialization windows , 913, 914  
 perichondrial  fl ap elevation , 912, 913  
 posterior 7-mm slot , 918  
 prep/drape , 912  
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 prong hook, thyroid notch , 912  
 removal of silastic , 918  
 TA muscle displacement , 915  
 triangular implant , 916, 917   

  Six-food elimination diet (SFED) , 685–686   
  Sjögren’s syndrome , 129   
  SLE.    See  Systemic lupus erythematosus (SLE)  
  Sleeve gastrectomy , 641–642   
  Smell 

 olfaction 
 elements, taste , 21  
 orthonasal and retronasal , 20  

 olfactory stimulation , 787  
 rCBF , 787   

  Smooth muscle esophagus , 349–350   
  Smooth muscle relaxants , 549–550   
  SNAP-25.    See  Synaptosomal-associated protein 25 

(SNAP-25)  
  Spastic esophageal motility disorders 

 diagnosis , 906  
 manometric  fi ndings , 906–907  
 radiographic  fi ndings , 907  
 treatment , 907   

  Sphincter mechanisms, EGJ 
 crural and costal diaphragm , 332–333  
 description , 320  
 ICCs , 325  
 intraluminal pressure , 326–327  
 and LES 

 anatomy , 320–322  
 extrinsic innervation , 322–323  
 intrinsic innervations , 323–325  
 opening function , 336  
 pressure , 327–328  
 tone and neural control , 328–330  

 LES relaxation 
 swallow-induced , 330–332  
 TLESR , 333–336  

 pinchcock action, diaphragm , 320  
 recording techniques , 325–326   

  Squamocolumnar junction (SCJ) , 755   
  SSc.    See  Systemic sclerosis (SSc)  
  SSQ.    See  Sydney Swallowing Questionnaire (SSQ)  
  Steinert’s disease.    See  Myotonic dystrophy (MD)  
  Straining, volitional swallow 

 inter-cordal and intra-tracheal pressure , 264  
 videoendoscopy and mamometry measures , 263   

  Striated muscle esophagus , 349   
  Stricture 

 distal esophagus, SSc , 487  
 esophageal , 617, 626  
 foreign body clearance , 627  
 iatrogenic foreign bodies , 626  
 lichen planus , 489  
 RA , 490  
 sarcoidosis , 489   

  Stroke 
 CVA   ( see  Cerebrovascular accidents (CVA), 

stroke) 
 dementias , 413   

  Sucralfate , 710, 717   
  Suprahyoid (SH) muscles 

 dysphagic patients , 534  
 healthy elderly adults 

 dysphagic patients , 533  
 intrabolus pressure and resistance , 533  
 neurologic abnormalities , 533  
 SCM , 534  
 UES opening mechanisms , 533  

 and infrahyoid portion , 181  
 movement, tongue and larynx elevation , 169  
 musculature , 201  
 pre-and post-EMST protocol , 804   

  Suprahyoid surface electromyography (sEMG) , 787   
  Supralingual pressure , 133–135   
  Surgical myotomy 

 laparoscopic Heller 
 complications , 548  
 description , 547  
 deterioration , 548  
 GERD , 548  
 LES pressures , 547  
 pneumatic dilation , 547  
 recurrence, dysphagia , 548  

 longitudinal incision , 901, 903  
 pneumatic dilation 

 dysphagia/regurgitation , 548  
 gastroenterologists , 548  
 population-based databases , 549  
 Rigi fl ex balloon dilation  vs.  laparoscopic 

myotomy , 549  
 UES hyperactivity , 399   

  Surgical treatment 
 endoscopy , 936  
 feeding tube placement , 936  
 open UES myotomy , 933  
 skin incisions and exposure , 933, 934  
 thyro-hyoid complex, mandible 

 Gore-Tex sutures , 934  
 suspension, larynx , 934, 936  
 thyroid cartilage and hyoid bone , 934, 935  
 UES myotomy and laryngeal suspension 

procedure , 934, 935  
 thyroid cartilage and hyoid bone 

 classi fi cation, larynges , 934  
 stitch , 934  
 strap muscles , 933  
 vicryl size and polytetra fl uoroethylene , 933  

 tracheotomy , 936   
  Swallowing 

 cerebral cortex control   ( see  Cerebral cortex 
control) 

 chemoradiotherapy   ( see  Chemoradiotherapy) 
 chemosensory stimulation   ( see  deglutition) 
 and deglutition   ( see  Deglutition) 
 dysphagia , 14–15  
 effects, sensory stimuli , 21  
 esophageal phase , 10–11  
 FEES , 500  
  fi ctive , 103  
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Swallowing (cont.)
 interactions, chemical senses 

 effects , 21  
 function, age and gender , 20–21  
 oral stimulus , 21  
 “orthonasal” and “retronasal” olfaction , 20  
 taste , 21  

 oral phase 
 description , 7  
 interaction, ingestion and chewing , 7  
 movement patterns , 7–8  
 sensory  fi bers , 8  
 tongue function , 7  

 oral phase of deglutition   ( see  Oral phase of 
deglutition) 

 pharyngeal phase 
 computer models , 11  
 inspiration and expiration , 8  
 neural control , 12–14  
 peristaltic contractions , 9  
 pharynx and function , 8  
 pressure measurements , 9, 10  
 transport , 8–9  
 video fl uoroscopy measurements , 9  

 radiotherapy , 434–435  
 respiration   ( see  Respiratory-swallow pattern)  UES   

( see  Upper esophageal sphincter (UES)) 
 UES opening and closing muscles 

 belching and hyoid bone movements , 245, 247  
 CP , 244–245  
 EMG responses , 245, 248, 249  
 hyoid and laryngeal movements , 245, 246  
 pressure and EMG , 244  
 superior and inferior hyoid muscles responses , 

245, 249  
 temporal relationship , 245, 246   

  Swallowing evaluation 
 description , 773–774  
 instrumental techniques , 774  
 psychological assessment , 775  
 VFSE , 774   

  Swallowing pattern generator 
 CPG 

 DSG and VSG neurons , 72  
 GABA-ergic neurons , 72  
 ipsilateral SLN , 72  
 localization and  fi ring brainstem neurons , 68  
 NTS neurons , 72  

 food intake behavior 
 BDNF and TrkB , 81–82  
 feeding , 81  
 hypothalamus and DVC control , 81  
 NTS , 81  

 hemi-CPGs , 78–80  
 neural mechanisms , 75  
 oropharyngeal and the esophageal phases 

 CPG , 75–77   
  Swallowing pattern generator (SPG) , 90   
  Swallowing problem 

 FTLD , 414, 416  
 symptom domain, DLB and AD , 417   

  Swallowing quality of life (SWAL-QOL) 
 advantages , 364  
 description , 362  
 domains and symptom frequency , 372  
 examination , 362–364  
 VFSS , 364   

  Swallow syncope 
 clinical presentation , 445–446  
 conditions , 446  
 diagnosis , 446  
 management , 446–447  
 mechanism , 446  
 prognosis , 447   

  SWAL-QOL.    See  Swallowing quality of life (SWAL-QOL)  
  Sydney Swallowing Questionnaire (SSQ) 

 advantages , 361–362  
 description , 361  
 discriminant validity , 361  
 patient scores , 370–371   

  Sympathetic system 
 extrinsic innervation, LES , 322–323  
 innervation , 12  
 nerves systems , 281–282  
 neurons , 281  
 plexus , 281  
 pre and postganglionic  fi bers , 281–282  
 pseudprabies virus , 282  
 saliva secretion , 128  
 sensorial structures , 281  
 transmission, sensorial information , 282  
 transneuronal-tracing techniques , 282  
 UES , 229, 241   

  Synaptosomal-associated protein 25 (SNAP-25) , 550, 889   
  Syncope.    See  Swallow syncope  
  Systemic diseases, dysphagia 

 Behçet disease , 489  
 EBD , 488–489  
 lichen planus , 489  
 pemphigus and pemphigoid , 488  
 pSS   ( see  Primary Sjögren’s syndrome (pSS)) 
 rheumatoid arthritis (RA) , 490  
 sarcoidosis , 489–490  
 scleroderma/SSc , 486–487  
 SLE , 487–488   

  Systemic lupus erythematosus (SLE) 
 description , 487  
 pathogenesis , 487–488  
 treatment , 488  
 xerostomia , 488   

  Systemic sclerosis (SSc) 
 description , 486  
 dilated esophagus , 487  
 microstomia , 487  
 oral and pharyngoesophageal area , 486–487  
 treatment , 487    

  T 
  Taltic lingual peristaltic pressure wave 

 manometric features , 134, 135  
 supralingual , 135   
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  Taste 
 gustatory stimulation , 788  
 modi fi cation , 789  
 PTT , 788  
 sEMG , 788–789   

  Temperature 
 sEMG , 787  
 TTA , 786   

  Temporal characteristics, aging pharynx 
 bolus transit and swallowing gesture times , 219–220  
 displacements and PCR , 219  
 implications , 221  
 latency, hyoid onset and bolus transit , 220–221  
 non-dysphagic elderly individuals and chronic 

condition groups , 219   
  Thermal tactile application (TTA) , 787   
  Through-the-scope (TTS) , 861–862   
  Thymic stromal lymphopoietin (TSLP) , 674–675   
  Thyroarytenoid , 187   
  Thyroid larynx , 178   
  Thyroid surgery 

 early and long-term dysphagia , 633  
 evaluation , 633  
 malignant disease , 632  
 physical symptoms , 632–633  
 SWAL-QOL instrument measures , 632  
 thyroidectomy, postoperative dysphagia , 632   

  TLESRs.    See  Transient lower esophageal sphincter 
relaxations (TLESRs)  

  Tracheoesophageal  fi stula (TEF) , 200–201   
  Tracheo-innominate artery  fi stula (TIAF) , 951   
  Tracheotomy 

 description , 461  
 survival rates , 462–463  
 tube   ( see  Tracheotomy tube) 
 use , 461–462   

  Tracheotomy tube 
 age-related changes , 466–467  
 and aspiration status 

 decannulization , 463–464  
 direct replication study , 465–466  
 dysphagia , 466  
 FEES , 464  
 incidence , 463  
 pre-tracheotomy aspiration data , 464–465  
 swallow biomechanics and physiology , 463  
 tube cuff , 463  

 clinical swallow examination 
 instrumental assessment , 479–480  
 modi fi ed Evans blue dye test (MEBDT) , 

478–479  
 clinical use , 474  
 cuff de fl ation and swallowing , 469  
 description , 461  
 glottal re fl exes and tracheotomy , 462–463  
 hyoid bone and laryngeal excursion 

 biomechanical effects , 467–468  
 larynx to hyoid approximation (HLhold-HLmax) , 

468  
 maximum hyoid displacement (Hmax) , 468–469  
 placement , 467  

 swallow biomechanics, investigation , 467  
 video fl uoroscopic analysis , 467  

 mechanical ventilation 
 aging , 475  
 description , 474  
 incidence and type , 474–475  
 infants, swallowing , 475–476  
 long-term , 475  

 occlusion status and swallowing 
 description , 470  
 light digital occlusion , 470  
 scintigraphic assessment , 470  
 UES and pharyngeal pressures , 471  
 VFSS , 471  

 one-way speaking valves and swallowing 
 age in fl uences swallowing success , 474  
 ancillary function , 471–472  
 aspiration , 472  
 bene fi ts , 473  
 description , 471  
 FEES , 473  
 placement , 471, 472  
 VFSS , 472  

 respiration and swallowing , 462   
  Transcranial magnetic stimulation (TMS) , 57, 60, 62   
  Transient lower esophageal sphincter relaxations (TLESRs) 

 air re fl ux , 334  
 description , 333  
 gastric distension , 334–335  
 GERD , 697–698, 716–717  
 longitudinal muscle contraction , 334, 335  
 pharmacological agents, site of action , 335, 336  
 retrograde transport, stomach contents , 333  
 reverse peristalsis , 333–334  
 subthreshold pharyngeal stimulus , 335  
 swallow-induced , 333   

  Transmitter, brainstem control.    See  Brainstem control  
  Transport 

 mastication and oral food 
 schematic images, stage I and II , 126  
 stage I , 124  
 stage II , 127  

 processing and oropharyngeal food , 118   
  TSLP.    See  Thymic stromal lymphopoietin (TSLP)  
  Tube feeding 

 complication and management 
 aspiration , 984  
 diarrhea , 984–985  
 dislodgement , 984  
 dysfunction , 984  
 enteral nutrition team , 985  
 prevention , 985  
 syndrome , 985  

 description , 965  
 indications 

 acute infection , 966  
 description , 965–966  
 disorder , 966  
 nutrition , 967  

 placement techniques   ( see  Placement techniques, 
tube feeding) 
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Tube feeding (cont.)
 selection 

 infusion points , 968–969  
 jejunal access , 970–971  
 LoT , 971  
 materials and design , 968  
 nasal tubes , 969  
 position , 968  
 salem sump and polyurethane nasojejunal tube , 

969–970  
 sterility , 970    

  U 
  UES.    See  Upper esophageal sphincter (UES)  
  UES opening 

 anatomy and physiology 
 anterior excursion , 531  
 belching and swallowing , 531  
 description , 530  
 direction and orbit, hyoid bone movement , 

530, 531  
 SH and IH , 530  
 thyroid and hyoid , 530  

 and closing , 244  
 and closing muscles , 241  
 duration , 218  
 muscles 

 anatomy, anterior , 238  
 anatomy, posterior , 238–239  
 histology , 239  

 relaxation  vs . opening 
 conditions , 531–532  
 intrabolus pressure , 532  
 manometric and video fl uoroscopic recording , 532  
 transsphincteric  fl ow , 533  

 and respiratory strength , 223  
 Weakened SH muscles   ( see  Suprahyoid muscles (SH))  

  UES traction forces.    See  Diminished UES deglutitive 
opening diameter  

  Uni fi ed Parkinson disease Rating Scale (UPDRS) , 417–418   
  UPDRS.    See  Uni fi ed Parkinson disease Rating Scale 

(UPDRS)  
  Upper esophageal sphincter (UES) 

 anatomy   ( see  Anatomy)  belch re fl ex , 524  
 CP relaxation , 510  
 development , 252  
 diameter , 511  
 dysfunction , 512, 517  
 esophageal contraction segments , 349  
 esophago contractile re fl ex , 36–38  
 gastroesophageal re fl ux , 524  
 high pressure zone (HPZ) 

 aging , 262  
 effects, catheter diameter , 262  
 length , 261–262  
 measurement , 262  
 radial asymmetry , 262  

 hyoid and laryngeal movement , 510  
 innervation , 296  

 and LES , 36  
 non-relaxing , 519  
 open myotomy , 933  
 PES , 510  
 pharyngo contractile re fl ex , 40–41  
 pharyngoesophageal segment , 520  
 phonation-induced contractile re fl ex , 45–46  
 physiology 

 belching , 247  
 re fl exes   ( see  Re fl exes) 
 retching and vomiting , 247, 250  
 swallowing , 244–247  
 tone generation , 242–244  

 posterior laryngitis , 41  
 pressure , 510, 525  
 pressure, measurement , 297  
 pressure phenomena   ( see  Pharyngeal and UES 

pressure phenomena) 
 radiologic examination , 512  
 relaxation , 511, 516  
 Zenker’s diverticulum 

 hypopharyngeal intrabolus pressure , 504, 505  
 relaxation , 501–502   

  Upper esophageal sphincter (UES) myotomy , 930, 941   
  Upper esophageal sphincter (UES) spastic disorder 

 anatomy 
 high resolution manometry , 823, 824  
 micro , 823, 824  
 swallow related , 823  

 Botulinum toxin   ( see  Botulinum toxin)   

  V 
  VaD.    See  Vascular dementia (VaD)  
  VAP.    See  Ventilator-associated pneumonia (VAP)  
  Varicella-Zoster virus (VZV) , 663   
  Vascular dementia (VaD) , 413   
  Vasculitis 

 Behçet disease , 489  
 eosinophilic esophagitis (EoE) , 673   

  Ventilator-associated pneumonia (VAP) , 946–947   
  VFSS.    See  Video fl uoroscopic swallow studies (VFSS)  
  Video fl uoroscopic 

 pharyngeal phase , 8, 9  
 pharynx , 8   

  Video fl uoroscopic swallow studies (VFSS) 
 OG tube , 478  
 stroke 

 bolus administration , 387  
 protocol , 387, 389  

 tracheotomy tubes 
 age-related changes , 466  
 cuff de fl ation , 469  
 MEBDT , 479  
 mechanical ventilation , 474–476  
 occlusion status and swallowing , 471  
 one-way speaking valves , 472, 473   

  Video fl uoroscopy 
 barium bolus , 8  
 evaluation , 520–521  
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 evaluation, swallowing , 388  
 glottal manometry , 263   

  Visceral hypersensitivity 
 description , 454  
 mid-oesophageal stimulation , 454, 456  
 oesophageal balloon distension , 454, 455   

  Vomiting and retching 
 expulsion , 250  
 phasic changes , 248, 250  
 preretch tone increases , 247  
 UES closing and opening muscles , 250   

  VZV.    See  Varicella-Zoster virus (VZV)   

  W 
  Weakened SH Muscles.    See  Suprahyoid (SH) muscles  
  Work relative value units (wRVUs) , 951   
  wRVUs.    See  Work relative value units (wRVUs)   

  X 
  Xerostomia 

 gastrointestinal symptom , 486  
 Sjögren’s syndrome , 487, 488    

  Z 
  Zenker’s diverticulum (ZD) 

 aetiology 
 in fl ammatory changes , 505–506  
 laryngocoele , 504–505  
 re fl ux and hiatal hernias , 506  

 anatomy , 847–848  
 bilobed posterior pharyngeal pouch , 496, 498  
 clinical features 

 barium swallow , 848, 849  
 classi fi cation , 848, 849  

 FEES , 848, 849  
 halitosis , 499–500  
 physical examination , 500  
 pneumonia and weight loss , 499  
 regurgitation , 499  

 complications , 500  
 description , 496–497, 847  
 development , 511  
 diagnosis 

 barium swallow , 500  
 endoscopic techniques , 500  
 videoradiographic sequence , 500, 501  

 endoscopic 
 approach , 850, 852, 853  
 bene fi ts , 850  
 description , 849–850  
 intraoperative , 850, 854  
 laser-assisted diverticulostomy , 

850, 854  
  vs.  open approach , 850, 851  

 epidemiology , 498–499  
  fl exible endoscopic therapy , 855–856  
 Killian-Jamieson diverticulum , 498  
 lateral pharyngeal diverticula , 497–498  
 myotomy , 511  
 neuromuscular dysfunction , 511  
 open approach , 856–857  
 open diverticulectomy , 854–855  
 open Zenker’s diverticulopexy , 855  
 pathogenesis and pathophysiology , 

502–506  
 pathophysiology , 848  
 preserved autopsy specimen , 496  
 pulsion diverticulum, mucosa and submucos , 275  
 relaxed UES , 510  
 structures , 496, 497  
 surgical treatment , 849           
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