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1SAGES University MASTERS PROGRAM: 
Foregut Pathway

Daniel B. Jones, Linda Schultz, and Brian Jacob

The Masters Program organizes educational materials along clinical pathways into 
discrete blocks of content which could be accessed by a surgeon attending the SAGES 
annual meeting or by logging into the online SAGES University (Fig. 1.1) [1]. The 
SAGES Masters Program currently has eight pathways including Acute Care, Biliary, 
Bariatrics, Colon, Foregut, Hernia, Flex Endoscopy, and Robotic Surgery (Fig. 1.2). 
Each pathway is divided into three levels of targeted performance: competency, profi-
ciency, and mastery (Fig. 1.3). The levels originate from the Dreyfus model of skill 
acquisition [2], which has five stages: novice, advanced beginner, competency, profi-
ciency, and expertise. The SAGES MASTERS Program is based on the three more 
advanced stages of skill acquisition: competency, proficiency, and expertise. 
Competency is defined as what a graduating general surgery chief resident or MIS 
fellow should be able to achieve; proficiency is what a surgeon approximately 3 years 
out from training should be able to accomplish; and mastery is what more experienced 
surgeons should be able to accomplish after several years in practice. Mastery is appli-
cable to SAGES surgeons seeking in-depth knowledge in a pathway, including the 

Adopted from Jones DB, Stefanidis D, Korndorffer JR, Dimick JB, Jacob BP, Schultz L, Scott DJ 
(2017) SAGES University Masters Program: a structured curriculum for deliberate, lifelong 
learning. Surg Endosc 31:3061–3071
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following: areas of controversy, outcomes, best practice, and ability to mentor col-
leagues. Over time, with the utilization of coaching and participation in SAGES 
courses, this level should be obtainable by the majority of SAGES members. This 
edition of the SAGES Manual – Foregut Surgery – aligns with the current version of 
the new SAGES University MASTERS Program Foregut Surgery Pathway (Table 1.1).

 Foregut Curriculum

The key elements of the Foregut Surgery curriculum include a core lectures for the 
pathway, which provides a 45-minute general overview including basic anatomy, 
physiology, diagnostic work-up, and surgical management. As of 2018, all lecture 

Fig. 1.1 MASTERS 
program logo

ACUTE CARE

BARIATRIC

BILIARY

COLORECTAL

FLEX ENDO

FOREGUT

HERNIA

ROBOTICS

Fig. 1.2 MASTER 
program clinical pathways

Competency
Curriculum

Proficiency
Curriculum

Mastery
Curriculum

Fig. 1.3 MASTERS program progression
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content of the annual SAGES meetings are labeled as follows: basic (100), inter-
mediate (200), and advanced (300). This allows attendees to choose lectures that 
best fit their educational needs. Coding the content additionally facilitates online 
retrieval of specific educational material, with varying degrees of surgical complex-
ity, ranging from introductory to revisional surgery.

Table 1.1 Foregut surgery anchoring procedure by pathway

Curriculum elements Competency
Anchoring procedure – competency 2
CORE LECTURE 1
CORE MCE 70% 1
Annual meeting content 5
Guidelines 1
SA CME hours 6
Sentinel articles 2
Social media 2
SAGES top 21 video 1
FLS 12
PEARLS 1
Motility module 1
Credits 35
Curriculum elements Proficiency
Anchoring procedure – proficiency 2
CORE LECTURE 1
CORE MCE 70% 1
Annual meeting content 5
FUSE 12
Outcomes database enrollment 2
SA CME hours (ASMBS electives, SAGES or SAGES-endorsed) 6
Sentinel articles 2
Social media 2
SAGES top 21 video 1
PEARLS 1
Credits 35
Curriculum elements Mastery
Anchoring procedure – mastery 2
CORE LECTURE 1
CORE MCE 70% 1
Annual meeting content 6
Fundamentals of surgical coaching 4
Outcomes database reporting 2
SA CME credits (ASMBS electives, SAGES or SAGES-endorsed) 6
Sentinel articles 2
Serving as video assessment reviewer and providing feedback (FSC) 4
Social media 6
SMART enhanced recovery 1
Credits 35

1 SAGES University MASTERS PROGRAM: Foregut Pathway
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SAGES identified the need to develop targeted, complex content for its mastery 
level curriculum. The idea was that these 25-min lectures would be focused on spe-
cific topics. It assumes that the attendee already has a good understanding of dis-
eases and management from attending/watching competency and proficiency level 
lectures. Ideally, in order to supplement a chosen topic, the mastery lectures would 
also identify key prerequisite articles from Surgical Endoscopy and other journals, 
in addition to SAGES University videos. Many of these lectures will be forthcoming 
at future SAGES annual meetings.

The MASTERS Program has a self-assessment, multiple-choice exam for each 
module to guide learner progression throughout the curriculum. Questions are sub-
mitted by core lecture speakers and SAGES annual meeting faculty. The goal of the 
questions is to use assessment for learning, with the assessment being criterion- 
referenced with the percent correct set at 80%. Learners will be able to review incor-
rect answers, review educational content, and retake the examination until a passing 
score is obtained.

The MASTERS Program Foregut Surgery curriculum taps much of the SAGES 
existing educational products including FLS, FES, FUSE, SMART, Top 21 videos, 
and Pearls (Fig. 1.4). The Curriculum Task Force has placed the aforementioned 
modules along a continuum of the curriculum pathway. For example, FLS, in gen-
eral, occurs during the Competency Curriculum, whereas the Fundamental Use of 
Surgical Energy (FUSE) is usually required during the Proficiency Curriculum. The 
Fundamentals of Laparoscopic Surgery (FLS) is a multiple-choice exam and a skills 
assessment conducted on a video box trainer. Tasks include peg transfer, cutting, 
intracorporeal and extracorporeal suturing, and knot tying. Since 2010, FLS has 
been required of all US general surgery residents seeking to sit for the American 
Board of Surgery qualifying examinations. The Fundamentals of Endoscopic 
Surgery (FES) assesses endoscopic knowledge and technical skills in a simulator. 
FUSE teaches about the safe use of energy devices in the operating room and is 
available at FUSE.didactic.org. After learners complete the self-paced modules, 
they may take the certifying examination.

The SAGES Surgical Multimodal Accelerated Recovery Trajectory (SMART) 
Initiative combines minimally invasive surgical techniques with enhanced recovery 
pathways (ERPs) for perioperative care, with the goal of improving outcomes and 
patient satisfaction. Educational materials include a website with best practices, 
sample pathways, patient literature, and other resources such as videos, FAQs, and 
an implementation timeline. The materials assist surgeons and their surgical team 
with implementation of an ERP.

Top 21 videos are edited videos of the most commonly performed MIS opera-
tions and basic endoscopy. Cases are straightforward with quality video and clear 
anatomy.

Pearls are step-by-step video clips of ten operations. The authors show different 
variations for each step. The learner should have a fundamental understanding of 
the operation.

SAGES Guidelines provide evidence-based recommendations for surgeons 
and are developed by the SAGES Guidelines Committee following the Health 

D. B. Jones et al.

http://www.fusedidactic.org/


5

Fig. 1.4 SAGES 
educational content: FLS, 
FES, FUSE, SMART
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and Medicine Division of the National Academies of Sciences, Engineering, 
and Medicine standards (formerly the Institute of Medicine) for guideline 
development [3]. Each clinical practice guideline has been systematically 
researched, reviewed, and revised by the SAGES Guidelines Committee and an 
appropriate multidisciplinary team. The strength of the provided recommenda-
tions is determined based on the quality of the available literature using the 
GRADE methodology [4]. SAGES Guidelines cover a wide range of topics 
relevant to the practice of SAGES surgeon members and are updated on a regu-
lar basis. Since the developed guidelines provide an appraisal of the available 
literature, their inclusion in the MASTERS Program was deemed necessary by 
the group.

The Curriculum Task Force identified the need to select required readings for the 
MASTERS Program based on key articles for the various curriculum procedures. 
Summaries of each of these articles follow the American College of Surgeons (ACS) 
Selected Readings format.

 Facebook™ Groups

While there are many great platforms available to permit online collaboration by 
user-generated content, Facebook(™) offers a unique, highly developed mobile 
platform that is ideal for global professional collaboration and daily continuing 
surgical education (Fig. 1.5). Facebook groups allow for video assessment, feedback, 
and coaching as a tool to improve practice.

Based on the anchoring procedures determined via group consensus (Table 1.2), 
participants in the MASTERS Program will submit video clips on closed Facebook 
groups, with other participants and/or SAGES members providing qualitative 
feedback. For example, for the Foregut Curriculum, surgeons would submit the 
critical views during a laparoscopic paraesophageal hernia repair such as 
identification of the anterior and posterior vagus nerves. Using crowdsourcing, 
other surgeons would comment and provide feedback.

Eight unique vetted membership-only closed Facebook groups were created for 
the MASTERS Program, including a group for bariatrics, hernia, colorectal, biliary, 
acute care, flexible endoscopy, robotics, and foregut. The Foregut Surgery Facebook 
group is independent of the other groups and will be populated only by physicians, 
mostly surgeons or surgeons in training interested in foregut surgery.

The group provides an international platform for surgeons and healthcare provid-
ers interested in optimizing outcomes in a surgical specialty to collaborate, share, 
discuss, and post photos, videos, and anything related to a chosen specialty. By 
embracing social media as a collaborative forum, we can more effectively and trans-
parently obtain immediate global feedback that potentially can improve patient out-
comes, as well as the quality of care we provide, all while transforming the way a 
society’s members interact.

D. B. Jones et al.
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Fig. 1.5 Foregut surgery facebook Facebook(™)group

Table 1.2 MASTERS 
program colon curriculum 
outline

Anchoring procedure by pathway Level
Foregut Surgery
Lap Nissen Competency
Lap Paraesophageal or Heller Myotomy Proficiency
Lap Redo Nissen Mastery
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For the first two levels of the MASTERS Program, competency and proficiency, 
participants will be required to post videos of the anchoring procedures and will 
receive qualitative feedback from other participants. However, for the mastery level, 
participants will submit a video to be evaluated by an expert panel. A standardized 
video assessment tool, depending on the specific procedure, will be used. A bench-
mark will also be utilized to determine when the participant has achieved the mas-
tery level for that procedure.

Once the participant has achieved mastery level, s/he will participate as a coach 
by providing feedback to participants in the first two levels. MASTERS Program 
participants will therefore need to learn the fundamental principles of surgical 
coaching. The key activities of coaching include goal setting, active listening, pow-
erful inquiry, and constructive feedback [5, 6]. Importantly, peer coaching is much 
different than traditional education, where there is an expert and a learner. Peer 
coaching is a “co-learning” model where the coach is facilitating the development 
of the coachee by using inquiry (i.e., open-ended questions) in a noncompetitive 
manner.

Surgical coaching skills are a crucial part of the MASTERS curriculum. At the 
2017 SAGES Annual Meeting, a postgraduate course on coaching skills was 
developed and video recorded. The goal is to develop a “coaching culture” within 
the SAGES MASTERS Program, wherein both participants and coaches are 
committed to lifelong learning and development.

The need for a more structured approach to the education of practicing surgeons 
as accomplished by the SAGES MASTERS Program is well recognized [7]. Since 
performance feedback usually stops after training completion and current approaches 
to MOC are suboptimal, the need for peer coaching has recently received increased 
attention in surgery [5, 6]. SAGES has recognized this need, and its MASTERS 
Program embraces social media for surgical education to help provide a free, 
mobile, and easy to use platform to surgeons globally. Access to the MASTERS 
Program groups enables surgeons at all levels to partake in the MASTERS Program 
curriculum and obtain feedback from peers, mentors, and experts. By creating 
surgeon-only private groups dedicated to this project, SAGES can now offer 
surgeons posting in these groups the ability to discuss preoperative, intraoperative, 
and postoperative issues with other SAGES colleagues and mentors. In addition, the 
platform permits transparent and responsive dialogue about technique, continuing 
the theme of deliberate, lifelong learning.

To accommodate the needs of this program, SAGES University is upgrading its 
web-based features. A new learning management system (LMS) will track 
progression and make access to SAGES University simple. Features of the new IT 
infrastructure will provide the ability to access a video or lecture on-demand in 
relation to content, level of difficulty, and author. Once enrolled in the MASTERS 
Program, the LMS will track lectures, educational products, MCE, and other 
completed requirements. Participants will be able to see where they stand in relation 
to module completion, and SAGES will alert learners to relevant content they may 

D. B. Jones et al.
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be interested in pursuing. Until such time that the new LMS is up and running, it is 
hoped that the SAGES Manual will help guide learners through the Masters Program 
Curriculum.

 Conclusions

The SAGES MASTERS Program Foregut Surgery Pathway facilitates deliber-
ate, focused postgraduate teaching and learning. The MASTERS Program certi-
fies completion of the curriculum but is not meant to certify competency, 
proficiency, or mastery of surgeons. The MASTERS Program embraces the con-
cept of lifelong learning after fellowship, and its curriculum is organized from 
basic principles to more complex content. The MASTERS Program is an innova-
tive, voluntary curriculum that supports MOC and deliberate, lifelong learning.
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2Anatomy and Physiology 
of the Esophagus and Lower Esophageal 
Sphincter

Lawrence F. Johnson

As surgeons address foregut disease in their patients with different procedures, a 
review of relevant anatomy and physiology of the esophagus and LES will comple-
ment discussion with their patients and decision-making. As will be apparent in this 
chapter, the esophagus is more than a conduit that directs liquids and food to other 
organs, deters reflux, or serves as a passageway for radiographic contrast, or endo-
scopes to define more distant foregut disease/disorders. Instead, the esophagus is a 
very complex organ whose function is directed by CNS and intrinsic esophageal con-
trol that is implemented by skeletal and smooth muscle. In preparing this manuscript 
rather than use time-tested anatomical illustrations by Frank Netter, MD, I chose 
where possible to use operative photographs, anatomical dissections undertaken by 
interested clinicians addressing perplexing problems, as well as illustrations from 3D 
printers, dissections, and combined techniques. Animal models were held to a mini-
mum and only used to confirm a clinical point in humans or when these studies lead 
to important discoveries in humans. In some instances, the reader will need to refer to 
the original references since permissions could not be obtained for all of the intended 
figures. While this text was limited to anatomy and physiology, I could not resist the 
temptation for brief clinical departures to emphasize the importance of learning the 
anatomy and physiology so that it might be implemented in every day practice.

 Introduction

Measurements in adult human cadavers have shown the esophageal length when 
measured from cricoid cartilage/bone to stomach opening ranges from 24 to 34 cm 
with an average of 27.6 cm [1]. While the cricoid cartilage or bone if calcified can 
be identified radiographically on the lateral barium swallow [2, 3] and at 
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laryngoscopy [4], this orad landmark has not been clinically popular even though it 
could be anatomically justified because the cricopharyngeus muscle inserts into the 
cricoid cartilage or bone [5]. Instead, endoscopists use the incisors teeth as the orad 
landmark and termination of the gastric rugal folds and/or distal margin of the 
esophageal palisade veins as a close approximation of the esophagogastric junction 
(approximately 40 cm) [6]. Using this definition and subtracting 15 cm (distance 
incisor teeth to UES) [7], the esophageal length again measures 25  cm. When 
esophageal length is measured using high-resolution esophageal motility from the 
inferior margin of the UES to the superior margin of the LES in patients without a 
hiatal hernia, the mean distance is again 25 cm [8]. Thus, the adult human esophagus 
appears to be approximately 25 cm long when measured by different techniques 
in vivo or cadavers.

As one would expect, the esophagus grows in length as the individual ages and 
gains height [9]. For instance, esophageal length when measured at the superior 
border of the LES directly correlates with height. When all age groups from infancy 
to adulthood are combined, a regression analysis shows that the esophagus grows in 
length as the individual grows in height [9]. However, only in children less than 
2 years old can their height accurately predict LES location (90% of predictions 
within 1 cm of actual location). Unfortunately, in all other age groups, height poorly 
predicts LES location probably because some individuals are developing hiatal 
hernias and/or esophageal shortening.

 UES and Proximal Esophagus

The esophageal body is a muscular tube composed of an inner layer of circular 
and an outer layer of longitudinal muscle and includes a sphincter at either end. 
The proximal or upper esophageal sphincter is more macroscopically defined than 
that of the distal or lower esophageal sphincter, which some think is primarily a 
manometric phenomenon. While we think of the upper esophageal sphincter as 
the cricopharyngeus muscle, the anatomy is more complex (Fig. 2.1). For instance, 
the cricopharyngeus muscle inserts into the posterior surface of the cricoid carti-
lage, and as a result the anterior wall of the sphincter is the cricoid lamina or 
posterior surface of the cricoid cartilage, which encircles the airway as opposed to 
tracheal rings. In turn, the cricopharyngeal muscle forms a horseshoe or C-like 
sphincter with the posterior surface of the cricoid cartilage closing the anterior 
gap [10]. The attachment of the cricopharyngeus muscle or UES to the cricoid 
cartilage is so tight that any movement of the larynx reflects that of the cricopha-
ryngeus muscle or upper esophageal sphincter [11]. Contrary to common thought, 
there is no connection between the UES and pre-cervical vertebral fascia because 
this space in human dissections shows only loose adipose tissue and pools of 
amorphous substance (Fig. 2.2), but no dense connective tissue strands between 
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UES and pre-cervical vertebral fascia [11]. In contrast, at C1–C4 the pharyngeal 
and cervical vertebral fascia intertwines and stabilizes the pharynx to the cervical 
spine [12]. More caudad, the cricopharyngeal muscle continues into the internal 
circular muscle of the esophagus without any attachment to the cricoid cartilage. 
However, to make up for this lack of attachment, the outer longitudinal muscle of 
the esophagus inserts into the cricoid cartilage via the cricoesophageal tendon, 
thereby giving the proximal esophagus a stability point. The cricoid cartilage is 
unique for it is only one of a few instances in which skeletal muscle directly 
inserts on cartilage.

Epiglottis

1

2

4

6

5

7

8

Fig. 2.1 Dissection and schematic drawing of the pharyngoesophageal junction viewed from the 
dorsal aspect, with the pharynx and esophageal wall both opened in the midline. Note broad-based 
exposed cricopharyngeal tendon (6) that attaches to the posterior surface of cricoid cartilage (2) 
and thereby serves to attach the left and right branching of the outer longitudinal esophageal mus-
cle wall (8) to the lateral aspect of the cricoid cartilage. The tip of the metal forceps is attached to 
the upper esophageal sphincter [cricopharyngeus muscle (5), a component of the inferior pharyn-
geal constrictor (4)]. If not cut, the UES would have a U appearance when attached to the flat lat-
eral surface of the post-cricoid cartilage, its anterior wall. Components: 1  =  thyroid cartilage, 
2 = cricoid cartilage, 3 = trachea, 4 = inferior pharyngeal constrictor, 5 = cricopharyngeus muscle, 
6 = cricopharyngeal tendon, 7 = inner circular wall of the esophagus, 8 = outer longitudinal wall 
of the esophagus, 9 = arytenoid muscle, and 10 = aryepiglottic muscle. SLN superior laryngeal 
nerve, RLN recurrent laryngeal nerve. (With permission from Liebermann-Meffert [10])
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The change in direction of skeletal muscle fibers both above and below the cricoid 
cartilage causes weakness in the wall of the pharyngoesophageal junction [13]. Above 
the cricoid cartilage, when oblique muscle fibers of the inferior pharyngeal sphincter 
meet more horizontal muscle fibers of the cricopharyngeal muscle, the wall is weak-
ened resulting in Killian’s triangle, which is the site of Zenker’s diverticulum that 
develops posterior above the cricopharyngeus muscle. In contrast, below the cricoid 
cartilage when the outer layer of longitudinal esophageal muscle begins to separate in 
order to join the cricoesophageal tendon for insertion into the cricoid cartilage, gaps 
in the muscle area are created where only the inner circular esophageal muscle is left 
to constitute the esophageal wall, and as a result the wall is weakened. This area is 
known as Laimer’s triangle [14] that predisposes to the formation of Killian-Jamieson 
diverticula that develop lateral or anterolateral [15] located below the cricopharyngeus 
muscle. While weakness in the pharyngoesophageal junction wall causes both diver-
ticula to form, Zenker’s is the more common, i.e., 4:1 [15]. While pharyngosphinc-
teric incoordination or lack of sphincter relaxation was thought to cause Zenker’s 
diverticula, investigators have shown increased intrabolus pressure correlated with 
reduced sphincter opening [16, 17] and the latter appeared caused by replacement of 

Fig. 2.2 This cross 
section of the prevertebral 
space in region of the 
upper esophageal sphincter 
(U) shows loose fatty 
tissue (L) with pools of an 
amorphous substance (A). 
Note esophageal 
epithelium (E) and the 
vertebral body (V). This 
paraffin section was 
stained with hematoxylin- 
eosin. (With permission 
from Nilsson et al. [11])
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cricopharyngeal muscle fibers by fibrous adipose tissue and degenerative changes, 
which appears to cause lack of sufficient sphincter elasticity [18]. This diminished 
elasticity or alteration in the composition of the sphincter causes increased hypopha-
ryngeal pressure that result in the diverticulum subsequently causing symptoms such 
as dysphagia and overflow aspiration. These patients may benefit from a myotomy 
[19]. However, the therapeutic benefit of a myotomy might not apply to patients with 
Killian-Jamieson diverticula. These diverticula are small and often cause no symp-
toms, because they occur below the cricopharyngeus muscle [15], and a myotomy 
may not be of similar benefit. Most important, anatomically – the recurrent laryngeal 
nerve (right or left) may travel across the base of the diverticulum (Fig. 2.3) as the 
nerve passes between the cricopharyngeus muscle and the cricoid cartilage in the 
region of the articulation between thyroid and cricoid cartilage [20, 21]. These nerves 
innervate all intrinsic muscles of the larynx (except for the cricothyroid) and provide 
sensory input to the mucosa of the larynx below the vocal fold including the inferior 
surface of the vocal fold, as well as mucosa of the upper trachea and esophagus. Thus, 
the anatomic relationship between the base of the diverticulum and recurrent laryn-
geal nerve in the region of the cricoid cartilage suggest a direct approach to addressing 
Killian- Jamieson diverticula if indicated [22] and even sometimes sensory testing of 
the nerve during the conduct of the procedure [23].

While with conventional manometry, we think of the UES as a bell-shaped curve 
with two slopes that culminate at the apex showing the peak pressure or with high- 
resolution manometry, a horizontal pressure bar of various colors with the highest dis-
played in the center of the bar, the UES is anatomically complex. For instance, when 360 
degree circumferential unidirectional pressure probes are used to determine resting 
basal LES pressure over the length of the sphincter, the pressure profile is asymmetrical 

CP
Fig. 2.3 Illustration 
depicting the location of 
the Killian-Jamieson 
diverticulum, which is 
closely related to the 
recurrent laryngeal nerve 
(RLN), seen in yellow. 
Inset, illustration showing 
how endoscopic 
diverticulotomy might 
damage the RLN [20]. CP 
cricopharyngeus muscle
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over the 3 cm UES length [24]. This asymmetry occurs because the cricopharyngeal 
muscle attaches to both the right and left lateral margin of the cricoid lamina [25] so that 
the sustained basal contraction is greatest in the anterior and posterior dimension rather 
than lateral. That the cricoid cartilage is instrumental in causing this pressure asymmetry 
is evident by its removal following laryngectomy. For instance, when the cricopharyn-
geus muscle is closed in a three- layer manner after laryngectomies, the basal pressure 
decreases because of the myotomy and now becomes symmetrical because the muscle 
lost its bilateral attachment to the lamina of the cricoid cartilage [24].

That the length of the post-cricoid lamina and manometric UES are comparable in 
length (approximately 3 cm) [25, 26] yet the cricopharyngeus muscle is only 1 cm in 
longitudinal length [2] suggests other muscle(s) may be measured in the UES pressure 
profile. The muscle best documented to contribute to the UES pressure profile con-
cerns the caudad portion of the inferior pharyngeal sphincter sometimes known as the 
thyropharyngeal muscle [26] with oblique fibers that attach to the cricoid and thyroid 
cartilages and a ligament that spans between these cartilages [27]. In support of the 
above assertion, the cricopharyngeus muscle occupies only the distal 3rd of the cri-
coid cartilage and appears best to represent the descending slope of the bell-shaped 
curve. In several studies the apex of the bell curve is above the cricopharyngeus and 
in the region of the thyropharyngeal, which correlates with the ascending portion of 
the bell shape curve and indeed is located in the region of the apex of that curve [26]. 
There is no apparent data to support a contribution to the pressure curve by circular 
muscle from the proximal esophagus that at best is controversial [26].

Anatomic markers on the lateral x-ray of the pharynx that correlate with the length 
and apex of the UES bell-shaped pressure curve (a distance of 2–4 cm) [26] are as 
follows: the orad margin consists of the arytenoid cartilage (arytenoid mass) [12], 
which also serves for the opening of the laryngeal airway and the caudad margin of 
the UES, the terminus of the cricoid cartilage, which can also be seen radiographically 
[2, 3, 12]. Alternatively, one might use the superior surface of the tracheal air column 
seen on the lateral x-ray of the pharynx, which represents the level of the vocal folds 
that in turn marks the start or ascending limb of the bell- shaped UES pressure curve, 
and the caudad margin of the descending UES curve would be the caudad margin of 
the cricopharyngeus muscle, if observed (Fig. 2.4), or pick a location 2–4 cm below 
the laryngeal opening [26]. To anatomically identify the area related to the apex of the 
UES bell-shaped pressure curve, one might use an area 1.6 cm below the vocal folds, 
i.e., tracheal air column [5] or the mid-cricoid cartilage region [28].

In support of other muscle(s) contributing to the UES pressure curve other 
than the cricopharyngeus concerns a study [29] that measured changes in sequen-
tial UES pressure before anesthesia and then during different stages of a 6 cm 
myotomy at the pharyngoesophageal junction. The initial incision was 2 cm on 
the proximal cervical esophagus, then a 2  cm incision on the cricopharyngeus 
identified by cricoid cartilage, followed by a 2 cm incision on the hypopharynx 
(i.e., presumed inferior sphincter or thyropharyngeal muscle), and after anesthe-
sia recovery for a final pressure determination (Fig.  2.5). After controlling for 
changes related to anesthesia, they found that the cervical esophageal incision did 
not alter UES pressure. However, that of the cricopharyngeus did significantly 
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VC

CP

Region of UES

Fig. 2.4 Lateral 
radiograph of a barium 
esophagram in a patient 
with a prominent 
cricopharyngeal bar 
(arrow). Note that 
cricopharyngeus muscle is 
present in the lower part of 
the cricoid cartilage. 
Measured in this manner, 
the upper esophageal 
sphincter (UES) would 
extend from the level of 
the vocal folds to the lower 
border of the cricoid 
cartilage. VC vocal cords, 
CP cricopharyngeus 
muscle. (Photo courtesy of 
Michelle McNamara, MD)
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Fig. 2.5 The effects of myotomy on the resting pressure when staged at the cricopharyngeal junc-
tion [29]. Post-cervical myotomy denotes 2 cm incision on proximal esophagus
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lower UES pressure, and a further significant reduction in pressure occurred after 
the hypopharyngeal incision. After recovery from anesthesia, the 6 cm myotomy 
significantly lowered LES pressure over that noted prior to anesthesia. Most 
importantly, the reduction in pressure appeared to result from the incision on the 
cricopharyngeus and the thyropharyngeal muscles rather than that on the proxi-
mal cervical esophagus.

While the inferior pharyngeal constrictor (thyropharyngeal) and the cricopha-
ryngeus muscles insert on the thyroid and cricoid cartilages helping to form the 
bell-shaped curve of the UES, both muscles and cartilages have very dissimilar 
anatomy. For instance, the thyroid cartilage has no posterior surface as does the 
cricoid cartilage with its posterior lamina. As a result, the pharyngeal constrictor 
muscle itself serves as the anterior wall, and these muscle fibers insert posteriorly 
into a median raphe, not present in the cricopharyngeus muscle that inserts into 
the cricoid cartilage, its anterior wall. Thus, the UES is a more anatomically com-
plex structure than that depicted by a bell-shaped pressure curve with an apex as 
observed during conventional manometry or that of a multicolor bar seen during 
high- resolution motility.

 Esophageal Body

In the forthcoming discussion of the esophageal body, when necessary, the UES 
and LES will be included, especially, since the terminal esophagus joins the 
stomach as much as 3–6 [30] or 0.5–2.5 [31] cm below the diaphragmatic hiatus 
and this esophageal “submerged segment” can be seen on retroflexion at endos-
copy (Fig. 2.6a) [6] or x-ray (Fig. 2.6b) [32]. However, because the esophago-
gastric junction inclusive of the LES has equally complex anatomy as that of the 
pharyngoesophageal junction, the former junction deserves special attention in 
a dedicated section and that will follow a general discussion of the esophageal 
body.

In traveling from the neck through the chest and into the abdomen below the 
diaphragm to join the stomach, the esophagus is not a straight open organ as 
sometimes depicted anatomically in the anterior-posterior dimension. For 
instance, at the pharyngoesophageal junction, the esophagus is immediately pos-
terior to the cricoid cartilage as previously discussed. Immediately below that 
location in the neck, the esophagus deviates to the left of the trachea down to the 
base of the neck. At the level of the seventh cervical vertebra, the esophagus devi-
ates to the right of the spine and continues on that course to the diaphragmatic 
hiatus. Just below the hiatus, the terminal esophagus turns to the left and joins the 
stomach in a left lateral position. Surface markers for the EG junction include a 
position just left of the xiphoid process and lateral to the 12th thoracic vertebral 
body [13]. In the upper mediastinum, the esophagus is positioned between the 
trachea and heart [33]. The esophagus in the oblique and lateral positions follows 
the thoracic vertebrae [34, 35]. Contrary to common anatomical depiction, the 

L. F. Johnson



19

esophagus is collapsed in the resting state and flat or oval in symmetry in the 
upper and middle regions (2.5–1.6  cm) and rounded in the distal region 
(2.5–2.4  cm) [13]. While the above anatomical deviations might sound trivial, 
they influence incision sites such as left cervical incision when performing an 
intestinocervical anastomosis after esophagectomy [33] or positioning for radio-
graphic studies such as the left lateral decubitus position when using computer-
ized tomography to differentiate pseudo masses from true masses at the 
esophagogastric junction [36]. Moreover, the advent of 3D imaging and models 
through esophageal segmentation has facilitated radiologist localization of the 
esophagus with respect to mediastinal lymphomas so that if possible the esopha-
gus and trachea might be better removed out of the radiation field in individual 
patients [34]. Also, exact esophageal location posterior to the atrium when deliv-
ering thermal energy to treat atrial fibrillation with radio frequency ablation may 
prevent esophageal injury (Fig. 2.7) [37, 38].

That the esophagus has no serosa makes this lack of an outside barrier or cover-
ing clinically relevant in its close anatomical contact with other organs as it 
courses from neck through chest to the abdomen. For instance, the membranous 
posterior surface of the trachea also has no definitive covering, and only loose 
alveolar tissue separates the close intimate contact between the esophagus and 
trachea above its bifurcation. The absence of a barrier tissue between these two 
organs probably accounts for the formation of T–E fistula resulting from blunt 
dissection, chemotherapy, or radiation [13]. Another example of close contact 
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Fig. 2.6 (a) The submerged or intra-abdominal segment of the distal esophagus that shows the 
squamocolumnar junction (SCJ, upper arrows) and the crural segment of the lower esophageal 
sphincter (the two lower arrows). (With permission from Boyce [6]). (b) Normal EG junction 
anatomy when all segments are maximally distended. T tubular esophagus, P phrenic ampulla, D 
upper border of hiatus, SS submerged segment, O cardiac orifice [13]
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concerns that between the esophagus without a tissue barrier and the left atrium 
such that caution needs to be taken in preventing thermal injuries to the esophagus 
during radiofrequency ablation for atrial fibrillation [37, 38] or caustic pills that 
might stop in the esophagus related to vascular compression and perforate into the 
aorta [39].

While the esophagus lacks an outer serosa, fascial tissue planes within the neck 
and mediastinum provide some barrier function by compartmentalization of various 
structures including the esophagus [26, 40, 41]. At different esophageal locations, 
the spaces created between these compartments are relevant. To properly understand 
these compartments and spaces with respect to the esophagus, one must begin with 
an appreciation of cervical fascial planes (see sagittal and cross section of neck in 
41). These fascial planes begin at the skull base and can be divided into an investing 
or superficial fascia that surrounds the entire neck and the deep cervical fascia 
within the neck that divides into the pretracheal (anterior, ventral, or visceral) fascia 
and prevertebral (posterior or dorsal fascia) [42–44]. The pretracheal fascia contains 
the larynx, trachea, esophagus, thyroid, parathyroid glands, recurrent laryngeal 
nerves, and the cranial sympathetic trunk as well as the vascular structures of the 
anterior mediastinum and becomes known as the pretracheal compartment, which is 
limited more caudad by the fibrous tissue of the pericardium. The other branch of 

Fig. 2.7 Posterior view of 3D reconstruction images created by electro-anatomical mapping (left) 
and CT (right). The esophagus is colored green with the globular left atrium immediately anterior. 
Variable esophageal positioning influences the conduct of radiofrequency ablation of left atrial 
arrhythmias. The yellow lines represent points of alignment used as a reference to perform image 
fusion. (With permission from Scazzuso et al. [37])
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the deep cervical fascia becomes the prevertebral fascia that surrounds the cervical 
spine and attached muscles and becomes known as the prevertebral compartment. 
The deep cervical fascia also forms a carotid sheath that surrounds the carotid artery, 
internal jugular vein, vagus nerve, and ansa cervicalis (loop of nerves from the 
cervical plexus in the carotid triangle supplying infrahyoid muscles).

As the esophagus travels from the neck through chest to diaphragm, additional 
cervical fascia planes become relevant and some merge. New to our discussion 
concerns the buccopharyngeal fascia that covers the posterior surface of the pharynx 
and more caudad the esophagus and merges into the pretracheal or visceral fascia 
that is tightly adherent to the esophagus in its extension inferiorly into the thoracic 
cavity where it separates the esophagus from the prevertebral fascia [27]. Another 
fascial plane relevant to the esophagus concerns the alar fascia that begins from 
medial extensions of the carotid sheath with minor contributions from lateral slips 
of the prevertebral fascia and extends from the skull base to the superior mediastinum 
where it fuses with the buccopharyngeal fascia [41]. At this point, the prevertebral 
fascia becomes relevant to the esophagus and anatomically unique. For uniqueness, 
the prevertebral fascia splits into two layers in passing between its attachment points 
on the transverse process of the vertebra, thereby creating a cylindrical longitudinal 
fascial space containing loose connective tissue that extends from its circular 
attachment at the base of the skull through the thorax and posterior to the esophagus 
to the diaphragm [27].

Now that cervical fascia from skull through chest has been reviewed, one can 
understand how spaces between these planes might be relevant to esophageal 
disorders or diseases. From anterior to posterior, these spaces include that contained 
within the pretracheal compartment now thought of as space that runs from the 
hyoid cartilage to the pericardium. Next is the retropharyngeal space formed by the 
buccopharyngeal fascia and alar fascia both of which begin at the skull base and 
extend down to approximately the C6–T6 where both fasciae fuse and the space 
ends [42, 43]. The alar fascia also serves as a landmark for resection of cervical 
lymph nodes [45]. Lateral margins for this space include the carotid sheath and 
superiorly the skull base. Posterior to the retropharyngeal space is the cylindrical 
prevertebral space that runs uninterrupted from the skull base to diaphragm and 
thought of as “danger space” because of the potential to spread infection [42]. A 
plastination study shows all three fascial planes that form the retropharyngeal and 
danger space and their relationship to the esophagus (Fig. 2.8) [46]. In health, all the 
above spaces contain adipose tissue.

While one might think that strap muscles within the neck might protect against 
the spread of noxious cervical infections such as a tooth or tonsillar abscess or 
instrument perforation in the hypopharynx, that is not the case. The above ana-
tomical spaces provide a potential path for the spread of infection to the pericar-
dium, retropharyngeal space, and even down to the inferior mediastinum. Central 
to the spread of infection concerns the oropharyngeal flora, a mixture of aerobic 
and anaerobic organisms that can include streptococci, which are capable of pro-
ducing proteolytic enzymes that can digest loose connective tissue and open tis-
sue spaces [40]. With respect to the esophagus and mediastinum, the physiologic 
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narrowing at the pharyngoesophageal junction created by the cricoid cartilage and 
more caudad the “sling-shaped” attachment of the cricopharyngeus muscle insert-
ing onto the lateral margins of the cricoid cartilage, i.e., “lips of the esophagus,” 
create a physiologic narrowing (23–17 mm) [47], which along with weak walls in 
the lower pole of pyriform sinus [48] creates a potential area of risk. Misdirection 
in passing an endoscope or other instrument can cause a hypopharyngeal perfora-
tion above the UES [48] that might lead to an abscess contained in the retropha-
ryngeal space. If the junction of the buccopharyngeal and alar fascia fusion is 
breached or digested at the C6–T6 region, then the inflammatory process can 
extend into the cylindrical prevertebral space that runs from the skull base to infe-
rior mediastinum at the diaphragmatic hiatus. In regard to perforations, even pro-
fessional sword swallowers are not exempt from this potential complication [49, 
50]. Assigning a lesion to a cervical space aids in differential diagnosis [44, 51]. 
The esophagus to a lesser extent is influenced by lesions within the pretracheal 
space, i.e., thyroid enlargement or the prevertebral space, i.e., cervical vertebral 
spurs [44].

As the esophagus travels through the chest in the mediastinum contained in a bed 
of loose areolar connective tissue, tiny fibroelastic membranes of elastic or collagen 
fibers sometimes mixed with skeletal or smooth muscle fibers known as 
bronchoesophageal, or pleuroesophageal membranes connect the proximal 
esophagus to the membranous posterior surface of the trachea, as well as pleura, and 
retroperitoneum [13, 41]. These tiny membranes may range in thickness from 30 to 
300 μm and in length from 0.5 to 3 cm and can be seen at mediastinoscopy [13]. 

Fig. 2.8 Transverse cut of 
the cervical spine using a 
plastination process to 
illustrate cervical fascia 
and spaces. Note trachea 
(Tr) and esophagus (Oe) at 
top of photograph. 
Buccopharyngeal fascia 
denoted by white 
arrowheads, 
retropharyngeal space by 
RS, alar fascia by *, danger 
space by DS and 
prevertebral fasciae (black 
arrows). All layers appear 
similar in thickness and 
consistency when traction 
was applied. (With 
permission from Scali 
et al. [46])
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However, these tiny membranes are absent below the tracheal bifurcation, and only 
a continuation of the buccopharyngeal fascia that ultimately becomes the pretracheal 
fascia separates the esophagus from the prevertebral fascia below the tracheal 
bifurcation. Thus, above the tracheal bifurcation, the esophagus is loosely tethered 
to surrounding structures, and below the bifurcation, there is an absence of tethering 
until the phrenoesophageal ligament at the diaphragm and EG junction. Therefore, 
this limited attachment allows the esophagus to move vertically approximately 2 cm 
[52] or 7% of total length and 18% for the distal segment during a swallow [53] or 
be displaced transversely by large vessels, enlarged heart chambers, or neoplasms 
[13]. Also, that the esophagus is contained in a loose connective tissue bed in the 
mediastinum allows for its stripping or blunt pull-through from the mediastinum 
providing there is no periesophageal tumor invasion. However, blood supply [1] and 
the unpredictable course of the recurrent laryngeal nerve in the groove between 
trachea and esophagus (Fig. 2.9) [54] are possible confounding factors to esopha-
geal resection performed in the above matter [55].

a

b

Esophagus

Trachea

Esophagus

Trachea

Fig. 2.9 Variation in 
recurrent laryngeal nerve 
position in relation to the 
trachea and esophagus in 
transverse sections at 1  
(a) and 4 cm (b) caudal to 
the cricoid cartilage in ten 
specimens (fixation 
shrinkage 22%) [54]
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As previously commented, the esophageal body is a muscular tube that is the 
narrowest of the intestinal tract. It is oval in shape in the 1st half and circular in the 
distal 2nd half, and both halves are lined by a mucosa of squamous epithelium [30]. 
The muscular wall of the esophagus is approximately 3 mm thick and includes an 
inner layer of circular and an outer layer of longitudinal muscle each 1.5 mm in 
thickness [13]. The proximal attachments of the esophagus have been discussed. 
Distally, the esophageal muscular tube contains an LES attached by the 
phrenoesophageal ligament, diaphragm, and subdiaphragmatic ligaments. As 
previously commented, the esophageal body contains no serosa as opposed to other 
hollow viscus. This unique feature of the esophagus is important when considering 
manipulations that involve the esophagus such as dilation, delivery of thermal 
energy, and operative handling. For instance, with circumferential expansion, the 
esophageal mucosa is approximately six times more stress resistant than that of the 
muscular wall of the esophagus [56]. In support of this observation, compressed air 
experiments in  vitro on human hollow viscus tissue such as intestine and colon 
show the mucosa to be more resistant to perforation than the muscular bowel wall 
with the latter and serosa comparable in their propensity to injury [57]. Some air 
compression experiments showed a perforation of the serosa and muscular wall 
with still intact intestinal mucosa, that subsequently blows out of the perforation 
and busts. That the esophagus has no serosa on the outside wall and the muscular 
wall is only 3 mm thick leaves the esophageal mucosa as the main guard against 
manipulations that might cause perforation.

While the muscular tubular wall of the esophagus contains an inner circular layer 
and an outer longitudinal layer with thin adventitial connective tissue separating 
both layers, either muscular layer, depending on location can be composed of 
skeletal or smooth muscle. At the most proximal 2 cm portion of each esophageal 
specimen, both the inner circular and outer muscle layers contain skeletal muscle 
[30, 58]. In contrast, below the tracheal bifurcation, both layers only contain smooth 
muscle that ultimately joins that at the esophagogastric junction [58]. Said another 
way, if all esophageal specimens in length were made to be 100%, the conversion 
point between skeletal to smooth muscle appears to be complete at 46% of total 
esophageal length (Fig. 2.10) [58]. This location is consistent with that published by 
others [59]. Interestingly, the muscle that composes the superficial muscularis 
mucosa appears to be smooth muscle for the entire length of the esophagus [30].

The esophageal transition from skeletal to smooth muscle has many important 
implications that deserve attention. For instance, skeletal muscles at the pharyngo-
esophageal junction and upper part of the cervical esophagus receive their innerva-
tion from the nucleus ambiguus of the brainstem [60, 61]. Myelinated neurons 
from this nucleus contain choline acetyltransferase and make direct synaptic con-
tact to motor end plates on individual skeletal muscle cells. On these end plates, 
acetylcholine is the main excitatory neurotransmitter that acts on nicotinic cholin-
ergic receptors to cause a contraction. It appears that sequential activation of upper 
motor neurons in the nucleus ambiguus in the brainstem leads to peristalsis in the 
striated muscle portion of the esophagus. That swallow-induced peristalsis is due 
to sequential activation of lower motor neurons in the nucleus ambiguus is evident 
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when the peripheral end of the decentralized vagus nerve is electrically stimu-
lated – all segments of the cervical esophagus contract simultaneously [61]. Also, 
because of the unique anatomy described above, a bilateral vagotomy above the 
origin of the pharyngoesophageal nerve branches renders the proximal esophagus 
aperistaltic.

The esophageal smooth muscle, in contrast, receives innervation by way of pre-
ganglionic neurons from the dorsal motor nucleus of the 10th cranial nerve (the 
vagal nerve) that synapses on postganglionic neurons of the myenteric ganglia [60, 
61]. These ganglia lie in the connective tissue between the circular and longitudinal 
esophageal (Auerbach) and submucosa (Meissner) plexuses. These plexuses 
innervate smooth muscle peristalsis and secretion [13, 30]. Postganglionic neurons 
in both plexuses may be motor, sensory, or interconnecting as well as excitatory 
(contractile) or inhibitory (relaxatory). Excitatory neurons in both plexuses are 
considered cholinergic because they contain choline acetyltransferase and substance 
P that fosters smooth muscle contraction by releasing acetylcholine. In contrast, 
inhibitory (relaxatory) neurons are considered nitrergic because they contain nitrous 
oxide (NO), vasoactive intestinal peptide (VIP), and adenosine triphosphate (ATP). 
Neuronal nitric oxide synthase (nNOS) is also present in these neurons and releases 
NO a neurotransmitter that is relaxatory. Thus, with swallowing, preganglionic 
neurons in the caudal DMN (cDMN) are activated first and cause simultaneous 

Smooth

10
0%

Striated

Type of muscle
Fig. 2.10 Transition 
between esophageal 
striated and smooth 
muscle. Graphic of the 
proportion of esophagus 
each type of muscle 
occupies when each 
specimen length is made 
100% [58]
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inhibition of all parts of the smooth muscle esophagus, which is longer in the lower 
than in the upper part. When inhibition ends, sequential activation of excitatory 
neurons in the rostral DMN (rDMN) elicits a peristaltic contraction wave [60, 61].

As outlined above, knowledge of esophageal musculature and its innervation is 
important, for that serves as a basis for understanding esophageal peristaltic pres-
sure phenomena, classifying motility disorders, and understanding some diseases. 
For instance, even though most of the time esophageal peristaltic waves triggered 
by swallowing when viewed radiographically appear continuous for the entire 
esophagus (traveling at 2–4  cm/second) and manometric peristaltic contractions 
between striated and smooth muscle phenotypically appear similar [62], important 
regional physiologic phenomenon might still occur. For example, in the region of 
the aortic knob [62, 63] or the junction of the 1st and 2nd third of the esophagus 
[62], there is a demonstrable decrease in peristaltic pressure amplitude over a 
5–8 cm segment of esophagus using a 20 mm isobaric contour [64, 65]. This seg-
ment appears to correlate with the transition zone (50% striated and 50% smooth) 
located approximately 5 cm below the UES and may occur over a 6–8 cm segment 
of esophagus [59]. This pressure trough occurs in the region where the first 2–3 cm 
of all striated esophageal muscle immediately below the cricopharyngeus begins 
changing to all smooth muscle by the location of the tracheal bifurcation, a length 
of approximately 6–8  cm [59]. With the advent of high-resolution esophageal 
manometry, this transition zone has received much attention; especially, since 
sometimes there is proximal escape of a small portion of bolus content as the major-
ity of the bolus passes from this region [66]. From simultaneous videos of barium 
esophagrams and high-resolution esophageal motility performed in patients with 
dysphagia, a computer model was made that proposed two different rates of peri-
stalsis through this region as well as a “jump zone” between these two different 
peristaltic rates [67, 68]. That is, a region where proximal esophageal contractions 
stops and momentarily that for the distal esophagus begins. This hypothesis was 
confirmed in a follow-up study in patients that showed the CNS control center for 
the skeletal muscle defined above hand off of the bolus to that of the smooth muscle 
[69]. This phenomenon is not just of academic curiosity. For instance, approxi-
mately 6% of individuals with otherwise normal high-resolution motility studies, 
but a gap of more than 2 cm and/or delay of longer than 1 second between the proxi-
mal and distal contraction using a 20 mm isobaric contour will have a definable 
cause of dysphagia [64, 70]. Thus, the “drop zone” or hand off between the two 
CNS areas of control sometimes appears analogous to the fumble in football 
between the center and quarterback.

In addition, the CNS – innervation of skeletal muscle and that of parasympathetic 
smooth muscle influences the expression of disease. For example, myasthenia gravis 
is an autoimmune disease with antibodies thought to originate in the thymus that 
attach to the neuromuscular junction and block postsynaptic transmission to skeletal 
muscle of the pharynx, UES, and most proximal esophagus [71]. Approximately, 6% 
of patients with myasthenia gravis will present with dysphagia [72]. Others might 
present during the postoperative period with a sudden need for ventilation therapy 
[73] or have dysphagia associated with other conditions known to cause dysphagia 

L. F. Johnson



27

such as a Zenker’s diverticulum [74]. In contrast, scleroderma is a connective tissue 
disease that causes smooth muscle atrophy in the distal 2/3 of the esophagus involv-
ing both circular and longitudinal muscles [75] that in turn causes dysphagia by 
weakening esophageal peristalsis in that region and LES pressure tone [76].

The inhibitory and stimulatory activity of the CNS parasympathetic system on 
smooth muscle previously discussed also has clinical relevance for it serves as a 
classification for describing and understanding motility disorders of the distal 2/3 of 
the esophagus and LES (Fig. 2.11). For instance, loss of inhibitory activity leads to 
achalasia involving the LES and smooth muscle esophageal body by loss of 
deglutitive inhibition of the LES or a short inhibition latency that causes esophageal 
spasm [61, 77]. In support of this observation and classification, an inhibitory 
nitrergic neural network occurs in the region of Meissner plexus known as the 
interstitial cells of Cajal. These cells are present in the esophagus and concentrated 
in the LES [78, 79]. These cells were first described by a physician and 
neuropathologist Santiago Ramon y Cajal in 1893 and later found to be a major 
source of nitric oxide that relaxes smooth muscle [80], which has implications in 
patients with achalasia. For instance, staining and counting the interstitial cells of 
Cajal and measuring the amount of the enzyme nitric oxide synthase, which these 
cells produce are both reduced in patients with achalasia [81]. In support of this 
neurologic biochemical observation, the number of interstitial cells of Cajal present 
in the achalasia patients significantly correlated with their Eckardt scores that 
measured the severity of their achalasia. Thus, reduced nitric oxide inhibition on the 
LES appears to cause unopposed cholinergic stimulation that result in a hypertensive 
sphincter that fails to relax, i.e., characteristics of achalasia. Alternatively, a 
hypoactive excitatory innervation leads to hypotensive LES and hypotensive 
peristalsis [61]. That the interstitial nerves of Cajal are found from the esophagus to 
internal anal sphincter raises the question of their involvement in other foregut 
motility disorders [82].

Esophageal motor disorder

Hypotensive Hypertensive

Hypertensive peristaisisHypotensive peristaisis

Hypotensive LES

Decreased reflex LES contraction

Hypertensive LES

Disorders of the inhibitory innervation

DES

Achalasia

TLESR

Disorders of the excitatory innervation
and smooth muscle

Fig. 2.11 Esophageal motility disorders can be classified on basis of pathophysiology: disorders 
of inhibitory or excitatory innervation and smooth muscle status
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Peristalsis is another physiologic phenomenon caused by skeletal and smooth 
muscle contained within the inner circular and outer longitudinal muscle walls of 
the esophageal body deserving comment. For years, peristalsis has been recognized 
as an integrated, progressive contraction of circular esophageal muscle whose 
amplitude can be measured in mm Hg as it proceeds down the esophagus. While the 
outer longitudinal muscle wall has been anatomically defined for a long time, the 
functional purpose of that outer anatomical wall has not been well defined. Dodds 
et  al. [83, 84] first emphasized the role of longitudinal muscle in esophageal 
peristalsis. They showed in cats with percutaneously placed metallic clips in the 
outer muscular wall of their esophagi (n = 6) that the initial movement of peristalsis 
was orad obviously caused by outer longitudinal muscle to receive the bolus. After 
esophageal shortening, the focused horizontal contraction occurred and progressed 
down the esophagus causing symmetry that like a “P or D” shape or loop depending 
on esophageal location. Most importantly for this and later studies that followed 
motility, catheters did not appear to impair this movement phenomenon. This initial 
orad motion was later confirmed in possums that have a better skeletal to smooth 
muscle ratio (2/3 smooth) more like that of humans rather than cats [85, 86]. This 
orad movement by longitudinal muscle was later proven with metallic clips placed 
in the esophageal mucosa of humans at endoscopy, which showed 7% total 
shortening with that in the distal esophagus showing the most change [53]. However, 
endoscopically placed clips and intraluminal motility catheters do not definitively 
point to the precise layer, i.e., contraction of the circular or longitudinal muscular 
wall. Also confounding the problem in humans, some circular muscle in the distal 
esophagus was found to be spiral or helical and conceivably might contribute to 
longitudinal muscle [87].

Synchrony between these two muscular walls influences effective propulsion, 
and disorganization between the walls sometimes results in dysphagia and chest 
pain in patients without an apparent anatomical cause. Also, one wall and not the 
other may dominate in certain esophageal disease conditions. Hence, the physiologic 
interaction between these two muscular walls appears to be emerging as insight and 
basis for understanding motility disorders [87, 88]. Fortunately to resolve the above 
problem, a major breakthrough occurred in elucidating the contribution of circular 
and longitudinal muscular layers in peristalsis. That is, the use of esophageal 
synchronized high-frequency M-mode ultrasound imaging and manometry, which 
allows for direct measure of longitudinal and circular muscle wall thickness in 
conjunction with point pressure at that location [89]. Now the contraction of 
longitudinal muscle in the outer wall and circular muscle in the inner wall can be 
directly measured and related to pressure recorded at that location, i.e., circular or 
longitudinal muscle thickness equates to high pressure and thinness to low pressure 
[90]. Moreover, just like circular muscle produces progressive amplitude of 
peristaltic contraction that propels content down the esophagus, so does the 
longitudinal muscle. Essentially, both the bell-shaped curves of longitudinal and 
circular muscle move in a synchronous manner at any location as the wave pro-
gresses down the esophagus [89]. Even though with swallowing transient neuro-
logic esophageal inhibition occurs as previously discussed, the swallowed bolus 
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does not disperse in the form of a cylinder or have a sausage shape as one would 
expect. Instead, the bolus transits the esophagus in the shape of an American foot-
ball with wide girth and tapered ends [87] or upright V for the leading edge and 
inverted Ʌ for the trailing edge [62]. This observation implies progressive synchro-
nous relaxation between the circular and smooth muscle wall for the leading bolus 
edge just like there is progressive synchronous contraction between the longitudinal 
and circular smooth muscle wall propelling the trailing bolus edge. This assertion is 
supported by ultrasound imaging showing progressive thinning of the circular and 
longitudinal muscle walls preceding the bolus in esophageal descent [91]. The bio-
mechanical advantage of esophageal shortening with synchronous circular muscu-
lar contraction fosters concentration of circular muscle fibers for propulsion. As a 
result of this action, thinning of the esophageal wall in the caudad receiving seg-
ment occurs with increased compliance, which is needed for bolus accommodation 
or filling [87]. That the two walls could have a synchronous relationship is fostered 
by the interstitial layer of connective tissue laying between the longitudinal and 
circular muscle that allows these muscular walls to slide on each other and in turn 
deliver the mechanical advantage just described [92].

Just as the interstitial tissue between the two muscle walls affords synchrony, it 
also facilitates asynchrony. For instance, in patients with nutcracker esophagus, 
when longitudinal muscle contractions precede circular muscle contractions, the 
potential downstream receiving esophageal segment has diminished cross-sectional 
area due to the contraction of the longitudinal muscle. Consequently, when the 
circular muscle contraction occurs, the receiving segment is less accommodating, 
thereby causing greater peristaltic pressure to propel the bolus through the narrow 
and less compliant receiving segment [93]. In support of this observation, the peak 
peristaltic amplitude and duration significantly correlated directly with the duration 
of latency between longitudinal and circular muscle contractions [93]. Also, in 
chronic distal esophageal obstruction, an animal model showed that over time 
possums develop an increase in their circular muscular wall due to hypertrophic 
smooth muscle cells [94]. Asynchrony between the two esophageal muscular walls 
also raises other clinically relevant concerns. For instance, asynchrony might cause 
functional dysphagia or create the potential for esophageal diverticula in areas of 
the esophageal wall that cannot tolerate the chronic stress of increased peristaltic 
amplitudes, especially when not bolstered by synchronous longitudinal muscle 
contractions [87]. That the esophageal wall is thickened in all major motility 
disorders [95] some of which are associated with diverticula [96, 97] fosters 
attention to elucidate the role of circular, longitudinal, or both in the pathophysiology 
of these disorders.

 Distal Esophagus and Lower Esophageal Sphincter

Interest in esophageal peristaltic velocity and the role of the esophageal ampulla has 
been further extended by conventional manometry [98] and the advent of high- 
resolution manometry (HRM) used in conjunction with simultaneous fluoroscopy 
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and radiopaque markers placed in the motility probe [98] or endoclip attached at the 
squamocolumnar junction [99]. Also, HRM defined a new marker to diagnose 
dysmotility and distinguish the tubular esophagus from the esophageal ampulla and 
differentiate their functional differences. For instance, HRM showed that peristaltic 
velocity traveling at approximately 4.5 cm/s abruptly slowed to 1.1 cm/s at a point 
approximately 4 cm above the squamocolumnar junction located in the center of the 
diaphragmatic hiatus determined fluoroscopically and the caudad margin the LES 
high-pressure zone [99]. This precise point of slowing was manometrically 
designated the contractile deceleration point (CDP) [100]. Radiographically, this 
point of slowing coincides with a pronounced change in the inverted V of the pro-
pelling stripping wave (Ʌ) of less than 90 degrees from the tubular esophagus to an 
obtuse angle of 120 or more degrees caused by the wave slowing and the formation 
of the globular and more distensible appearing ampulla now receiving the bolus 
content propelled by peristalsis in the tubular esophagus (Fig. 2.12) [99]. Ampulla 
filling in part accounts for wave slowing at the terminal aspect of the esophageal 
ampulla, i.e., last 4 cm before the esophagogastric junction. At this point the propel-
ling contraction from the tubular esophagus has driven the bolus into the more dis-
tensible globular-shaped esophageal ampulla which suddenly appears in the distal 
esophageal radiographic morphology.

The sudden appearance of the esophageal ampulla raises the question: where did 
it come from, and why is it not always present? It is certainly not a static structure 
[101]. The two studies cited above addressed that question [98, 99]. That is, the 
distal esophageal ampulla appears to originate from the lower esophageal sphincter 
initially contained within the diaphragmatic hiatus. Elongation of the LES appears 
to occur by shortening of the esophagus above the ampulla as the peristaltic wave 
travels to a location just above the ampulla and perhaps by relaxation of the 
longitudinal muscle within the LES that permits the elongation with loss of LES 
pressure [99]. Evidence of LES elongation through stretching and effacement is 
supported by orad migration of radiopaque clips attached to the radiographic LES 
and clips attached to the stationary anatomical EG junction [101] or clips attached 
to the squamocolumnar junction at the caudad margin of the diaphragmatic hiatus 
that migrate to a location above the diaphragmatic hiatus (1.9–4  cm) [99]. This 
distension permits the globular appearance of the ampulla so that it might act as a 
receptacle for the bolus driven by peristalsis from the tubular esophagus.

Interestingly, once distended, the ampulla we recognize radiographically appears 
as a closed chamber, sealed by the propelling tubular peristaltic contraction above, 
the crural diaphragm below and laterally by the effaced and elongated ampulla or 
LES [99]. These circumstances cause hydrostatic pressure to develop within the 
ampulla, which is distributed in a radial, equilateral, and isometric manner. That the 
potential propelling force for ampullary emptying is much lower than that found in 
the tubular esophagus (<40 vs 80 mm Hg, respectively) shows that tubular esopha-
geal peristalsis does not empty the esophageal ampulla [99]. Instead, the ampulla 
empties because of sustained contraction from the effaced circular muscle of the 
LES, longitudinal esophageal muscle contraction immediately above the ampulla, 
and perhaps contraction of longitudinal muscle within the LES whose relaxation 
facilitated effacement and elongation. That the SC junction remains 1.5 cm above 
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Fig. 2.12 Videofluoroscopic images (top) correlated with esophageal pressure topography (EPT) 
illustrating the transition from tubular esophageal peristalsis to esophageal ampullary filling and 
emptying. Key landmarks are identified in both illustrations: pre-contractile deceleration point 
(Pre-CDP A), Post-contractile deceleration point (Post-CDP B), inverted V of the peristaltic clear-
ing wave (Ʌ), shape of ampulla (dotted white lines), location of Endoclip at the squamocolumnar 
junction (SCJ) and ampullary emptying by the down arrow. Below the radiograph, a high-resolu-
tion manometry (HRM) study shows location from nares, color codes for pressures, and hiatal 
center (dashed white lines) with super imposed SCJ. Note slowdown in peristaltic velocity at the 
CDP (region A vs B) related to ampulla filling and then emptying during LES relaxation after a 
swallow. (With permission from Kwiatek et al. [99])
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the diaphragmatic hiatus while the ampulla empties supports the assertion that 
esophageal longitudinal muscle contraction supports the radial and axial collapse of 
the ampulla during emptying. As a result of the above ampullary contraction, con-
tent empties through the diaphragmatic hiatus by a favorable hydrostatic intrabolus 
pressure gradient between ampulla and stomach (13 vs 5 mm Hg). Also, ampullary 
emptying predominantly occurs during expiration [98] and appeared facilitated by 
minimal inhibition of the crural diaphragm as shown by EMG [102]. Thus, differ-
ences between the tubular and ampullary esophagus account for the slower emptying 
velocity found in high-resolution manometry caudad to the contractile deceleration 
point (CDP). Once content has been emptied from the stretched, effaced, and axially 
displaced LES that formed the ampulla, the LES now returns to its original length or 
high-pressure zone within the diaphragmatic hiatus. The return of the LES to origi-
nal location and length with the diaphragmatic hiatus occurs because of esophageal 
longitudinal muscle relaxation above the ampulla and perhaps contraction of LES 
longitudinal muscle, as well as passive elasticity from the stretched phrenoesopha-
geal ligament anchored to the diaphragmatic hiatus [98, 99].

After reviewing the above physiologic interaction between tubular and ampul-
lary esophagus, it is important clinically to distinguish the esophageal ampulla from 
a small adjacent hiatal hernia, especially since that distention is sometimes confus-
ing [98, 103, 104]. Also, might the previously discussed contractile deceleration 
point (CDP) serve a diagnostic purpose? Fortunately, for the first question, several 
clinical studies have shown that a phrenic ampulla with an adjoining small sliding 
hiatal hernia that reduces by returning to the diaphragmatic hiatus after completion 
of the primary peristaltic contraction wave empties almost as well as the phrenic 
ampulla without a small adjoining sliding hiatal hernia [98]. Nevertheless, there 
appears to be a gradual degradation in ampullary emptying as the hiatal hernia 
increases in size and fails to reduce after completion of the primary peristaltic con-
traction [105]. For those who might wonder whether ampullary emptying is clini-
cally relevant, the dominant cause of impaired esophageal emptying in patients with 
gastroesophageal reflux and esophagitis is not deficient tubular esophageal peristal-
sis but impaired ampulla emptying [106]. Unfortunately, in my experience, while 
radiologists diligently follow and document the tubular esophageal peristaltic strip-
ping wave in the recumbent position and look for proximal escape, the fluoroscopic 
videotape often terminates with ampullary filling, and the quality of ampullary 
emptying is not evaluated. This phenomenon probably occurs to save the patient 
radiation exposure. However, a compromise to evaluate ampullary emptying might 
include infrequent short fluoroscopic observations of ampullary emptying, espe-
cially, since ampullary contraction occurs over a longer period of time. Lastly, the 
recently discussed contractile deceleration point (CDP) when temporally measured 
from the onset of UES relaxation serves as an important marker to help distinguish 
normal esophageal peristaltic contractions (latency >4.5 s from spastic contractions 
seen in those with distal esophageal spasm or spastic achalasia (latency <4.5 s). A 
shortened latency is thought to represent deficient inhibitory ganglionic neurons 
that program primary peristalsis resulting in the above dysmotility [77].

The lower esophageal sphincter (LES) or high-pressure zone in humans that strad-
dles the diaphragmatic hiatus resulting in opposite deflections on inspiration and 
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relaxation on swallowing has for many years been considered a manometric phenom-
enon more than an anatomical sphincter like the UES. That assumption appears wrong 
related to the work of Dorothy Lieberman-Meffert et al. [107] who took stomachs, a 
2 cm cuff of diaphragm, and the lower half of the esophagi from circulatory perfused 
kidney donors prior to their demise and cadaver specimens taken within 10 h of death. 
These specimens were emerged in large containers, which allowed retention of their 
original 3D shape so that the esophagogastric junction might be later sectioned in a 
manner to represent lesser curve, greater curve, anterior, and posterior walls of the EG 
junction (Fig. 2.13). To examine the muscular architecture, other specimens under-
went the above process but in addition were subjected to a stain that distinguished 
muscle fibers from connective tissue, and the specimens were then dehydrated. This 
process then allowed microdissection of dried muscle fiber architecture in a region of 
the esophagogastric junction likely responsible for the LES or high-pressure zone. 
The authors found an increase in muscle mass at the esophagogastric junction caused 
by fiber aggregation of the inner muscular coat (Fig. 2.14). The increase in muscle 
mass tapered both above and below the EG junction over a distance comparable to 
that of the LES or high- pressure zone, i.e., approximately 3 cm.

The detail study of muscle fibers that comprise the outer longitudinal and inner 
circular walls at the esophagogastric junction by Liebermann-Meffert et al. [107] 
has surgical relevance that will become evident later. The longitudinal muscle fibers 

Fig. 2.13 Incision lines 
made at the EG junction to 
define lesser curve, anterior 
wall, greater curvature and 
posterior wall of the 
stomach [107]. To better 
conceptualize 
measurements made at the 
lesser curve, greater curve, 
anterior and posterior 
walls, the greater curvature 
in situ faces the left 
dorsolateral direction. 
Therefore, in the 
abdominal cavity, the 
upper part of the stomach 
including, the anterior 
wall, greater curvature, 
posterior wall, and lesser 
curvature wall are rotated 
by 45°. This rotation 
results in movement of the 
anterior wall, left; greater 
curvature, posterior; 
posterior wall, right; and 
lesser curve to the anterior 
side of the vertebral axis
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of the outer muscular wall of the esophagus run parallel with its long axis and con-
tinue longitudinally onto the lesser and greater curvature of the EG junction and 
stomach. However, the longitudinal muscle fibers that comprise the anterior and 
posterior wall of the esophagus just below the esophagogastric junction turn at a 
right angle and head upward toward the fundus and terminate on either the underly-
ing inner muscle bundles or serosa at the EG junction (Fig. 2.15).
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EGJ
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EsophagusFig. 2.14 Muscle 
thickness on the lesser and 
greater curve of the EG 
junction [107]

Diaphragm
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Fig. 2.15 Outer 
longitudinal muscle fiber 
arrangement on the 
anterior wall of the EG 
junction. Note the change 
of muscle fiber direction 
on the anterior wall of the 
anatomical specimen just 
below the EG junction, 
which is also depicted in 
the above illustration. 
Diaphragm location shown 
on the anatomical 
specimen and in top 
illustration (//). (With 
permission from 
Liebermann-Meffert [107])
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As opposed to muscle fibers that form the outer longitudinal smooth muscle 
coat at the esophagogastric junction, the inner circular muscle anatomy is more 
complex. For instance, at the orad margin of the EG junction, the inner circular 
muscle that surrounds the esophageal body by 360° degrees ends (Fig. 2.16) and 
is replaced by semicircular muscle loops or clasps of 180°, which are located ante-
rior and posterior so that their open ends join or interdigitate with each other to 
complete 360°. Further caudad on the lesser curve of the EG junction, the posterior 
transverse semicircular loop or clasp muscles drop out and are replaced by the pres-
ence of thickened oblique muscle fibers that come down from the circular muscle 
of the fundus. These thickened oblique muscles now interdigitate with the ante-
rior transverse semicircular loops or clasps. This arrangement persists for several 
cm caudad on the lesser curve of the junction. Then the transverse clasp muscle 
fibers stop, and the thickened oblique muscles thin. In concert, the above-described 
inner muscle arrangement provides a potential circular contraction ability for the 
EG junction, but not from a single muscle or organ. While one cannot predict func-
tion from structure, some correlations between this anatomical study and functional 

INNER MUSCLE
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GASTRIC
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body
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LESSER
CURVE

OBLIQUE FIBERS

Fig. 2.16 The arrangement of the inner muscle coat at the esophagogastric junction. Numeral 1 
denotes the region where complete 360 degree circular muscle loops characteristic of the 
esophageal body end. Now beginning at 1 and extending to 2, semicircular muscle loops or clasps 
(180 degrees) are located anterior and posterior and in turn their open ends intersect with each 
other as shown. Further caudad on the lesser curve, the posterior loops drop out because of the 
influence of the fundic angle or (angle of His). At this point, the anterior loops or clasps begin to 
intersect with oblique circular muscle related to the influence of the fundus. Anterior semicircular 
muscle loops or clasps intersect caudad with oblique circular muscle fibers on the lesser curve 
down to the region denoted by numeral 2. In concert, this inner muscle arrangement provides the 
EG junction an ability for circular constriction. (With permission from Liebermann-Meffert [107])
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observations seem relevant. For instance, the location of muscle thickening at the 
esophagogastric junction and the manometrically defined LES high-pressure zone 
correlate, and the highest manometric pressure correlates with the area of the most 
muscle thickening. Also, in terms of injuring the EG junction and causing compli-
cations from reflux, an animal study showed that an anterior incision involving the 
anterior semicircular clasp muscles was not as damaging as that of a more lateral or 
lateral posterior incision that involved the thicker oblique muscles that formed the 
EG Junction [108]. Clearly, there seems to be some correlation between anatomical 
form and function at the EG junction.

The above work of EG junction muscular architecture was later extended by 
using a special 3D manometric assembly with eight radial ports that measured 
LES pressure along a linear axis above and below the respiratory inversion point. 
In turn, this 3D expression of LES pressure was compared to the width of the EG 
junction wall at a comparable location on especially prepared anatomical speci-
mens or to different aspects of a microdissection of the inner circular wall at that 
location (Fig. 2.17) [109]. The authors found that pressures peaked in all direc-
tions at the respiratory inversion point and that the LES was asymmetrical. Most 
importantly, along the axis of the EG junction, the longitudinal and radial 
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pressures of the 3D LES and muscular wall thickness showed congruence. The 
highest-pressure values and thickest circular muscle wall width were located left 
posterior, which is the location of the EG junction and gastric fundus from which 
the bilateral oblique or sling muscle emanate especially since these structures are 
located left posterior to the adjacent spine in situ. The next highest pressures and 
muscle thickness occurred on the lesser curve of the junction where the semicir-
cular or clasp muscle fibers interdigitated with the oblique or sling muscle fibers. 
Again, this study showed the LES is not a single anatomical muscular structure 
but composed of different muscular components, i.e., the gastric sling or oblique 
muscle fibers from the greater curvature of the stomach and the anterior semicir-
cular or clasp muscle fibers from the esophagus. The location of these muscular 
components is surgically relevant [110].

As cited above, especially processed anatomic specimens of circular muscula-
ture from the esophagogastric junction were compared to 3D basal LES pressure in 
asymptomatic controls. That the authors found circular muscle thickness directly 
related with basal LES pressure in this association was a helpful concept to carry 
forward. Now, with the availability of high-frequency, catheter-based intraluminal 
ultrasonography probes, Liu et al. [111] added a 3D motility probe. This combina-
tion of probes afforded the simultaneous study and comparison of muscular anat-
omy during esophageal peristalsis, basal LES pressure, and the LES contraction that 
follows a normal swallow-induced relaxation – now all in the same control subject. 
Measured from the middle of the LES, both longitudinal and circular muscles had 
axial asymmetry (bell-shaped curve) as the catheter was pulled through the 
LES. Also, there was a strong linear correlation between circular and longitudinal 
muscle thickness and pressure (r = 0.86 and 0.72, respectively). At basal conditions, 
longitudinal and circular muscles are thicker in the mid-LES than in the esophagus 
5 cm orad to the LES, and circular muscle in the LES is approximately 2–3× as 
thick as that in the esophagus. When circumferential asymmetry was examined, the 
peak pressure in the axial LES was selected to compare pressure to muscle thick-
ness. Both the circular and longitudinal muscles showed asymmetry in their thick-
nesses. The circular muscle was thicker in the left and posterior quadrants. 
Interestingly, during the LES hypercontraction that follows a normal swallow, the 
axial radial pressure appeared symmetrical and consistent with that found within the 
esophagus [109]. Since the authors sometimes observed the aorta and vertebra influ-
ence LES asymmetry in the basal state, they felt that during swallow-induced con-
traction, the LES walls not being fixed could become less compliant and resist any 
extrinsic compression and assume the same symmetry as observed in the esopha-
geal body. This finding as do others in the paper supports the above dissection 
studies.

To elucidate the cause of LES pressure asymmetry, determine the location and 
symmetry of the skeletal muscle crural diaphragm (CD) with respect to the smooth 
muscle LES, and to see if these findings related to muscular dissection of the LES 
[107], Mittal et al. [112] used a 3D high-resolution motility catheter in conjunction 
with computer tomography. These observations are of interest to surgeons. While a 
3D motility catheter renders longitudinal symmetry, it does not address 
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circumferential symmetry, and for that reason, computer tomography was added to 
the study to determine the circumferential orientation of the LES and CD pressure 
profiles. To complement that anatomical orientation, the equivalent of a flattened 
BB was attached to the surface of 3D catheter to orientate the catheter to known 
anatomical reference points: anterior (sternum) and posterior (vertebrae) as well as 
individuals’ right and left directions. This direct orientation permitted using a clock 
face for orientation. Respiratory maneuvers were used to determine baseline 
circumferential pressures for the LES and judge circumferential pressure 
contribution for the CD. They found the length of the basal LES cranial-caudad 
pressure profile was longer, and the pressures were lower toward the lesser curvature 
of the stomach on the right as opposed to the shorter cranial-caudad length with 
higher pressure on the greater curve of the stomach on the left close to the angle of 
His (Fig. 2.18 a, b, e). The contribution of the crural diaphragmatic contraction was 
determined by forced inspiration and tidal inspiration (Fig. 2.18 c d, respectively). 
All LES pressure profiles (Fig. 2.18 a–e) showed increased pressure in the cranial 
half of their profile. Also, the asymmetrical basal LES end expiratory profiles have 
the same horizontal orientation as did the accentuated pressures from the crural 
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Fig. 2.18 The 3D pressure profile of basal LES without the influence of the crural diaphragm 
(CD) in ten subjects: (a) end-expiration (EE); (b) post-swallow end-expiration (PSE); and E, post- 
Tensilon during end-expiration. LES pressure profiles C and D show two different strengths of 
crural diaphragm contractions in the same individuals: (c) tidal inspiration (TI); and (d) forced 
inspiration (FI). The 9 o’clock and 3 o’clock positions are toward the lesser and greater curvature 
of the stomach, respectively. Each profile (a–e) has an adjacent rectangle that shows the LES 
pressure profile on a flat surface with an adjacent color code. To conceptualize the flat rectangular 
surface as a tubular structure join the 3 o’clock position shown on the upper left and right corner 
of the rectangle. The 12 o’clock and 6 o’clock positions at the bottom of each rectangle represent 
the anterior (sternum) and posterior (vertebral) direction of the study subjects, respectively. (With 
permission from Mittal et al. [112])
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diaphragm caused by tidal and forced inspiration, i.e., horizontal and asymmetrical 
with their respective greater pressure on the left side toward the greater curvature of 
the stomach. Placing this asymmetry on a clock face shows the greatest pressure 
occurs at 3 o’clock (left side, greater curve, angle of His) followed by 9 o’clock 
(right side, lesser curve), and the least pressure was noted at 6 and 12 o’clock (ante-
rior – substernal and posterior – spine, respectively). Interestingly, pressures from 
the crural diaphragm appear oblique with greater pressure on the left upper and less 
on the right lower crus, which will be addressed later.

At this point, the CT study that allowed 3D construction of the esophagus, CD, 
and stomach becomes helpful (Fig. 2.19) in understanding the results of the 3D EG 
junction motility study that defined axial and circumferential asymmetry of the LES 
and crural diaphragm. From results of the CT study, the authors [112] felt that the 
CD contraction-related pressure profile was horizontal rather than oblique like the 
anatomical diaphragmatic hiatus because the upper margin of the LES makes a 
sharp turn to the left at the upper edge of the esophageal hiatus on the left, thus plac-
ing the LES and esophageal hiatus at a right angle to the pressure transducers of the 
3D manometric catheter. This phenomenon causes diaphragmatic crural pressure to 
be horizontal rather than oblique like the anatomical hiatus. In a similar manner, 
they felt that since the LES is longer toward the lesser curvature side of the stomach 
as opposed to the greater curvature side, it provides reason for the axial and circum-
ferential asymmetry of the LES. Thus, the authors’ findings appear in agreement 
with earlier reports showing the LES is circumferentially asymmetrical with greater 
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Fig. 2.19 CT scan images of the anterior (a) and posterior views (b) of the EG junction. The 
esophagus is colored (yellow), the stomach (beige), right crural diaphragm (red), and the left 
(blue). Note that the esophageal hiatus is mainly formed by the right crus of the diaphragm divid-
ing into two bundles, which surround the esophagus with its left bundle joining the left crus to 
enforce the esophagus on the left side. Also, note the upper edges of the LES and CD are located 
where the esophagus makes a sharp turn to the left as it enters the abdomen from the thorax, and 
the crus is placed at a right angle to the esophagus. (With permission from Mittal et al. [112])
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pressure on the left, greater curvature angle of His side compared to the right lesser 
curve side [109]. Also, their findings appear to conform to the smooth muscle find-
ings found on LES dissection, i.e., semicircular muscle clasps/oblique fibers [107]. 
Most important, these physiologic and morphologic findings shed light on the 
placement of myotomy incisions in the treatment of patients with achalasia. For 
instance, Heller myotomy incisions are sometimes placed at the 12 o’clock or 3 
o’clock position at the esophagogastric junction position because the exposure is 
ideal; however, according to the above discussion, the 12 o’clock position might be 
less than an ideal location. Also, experience has taught that the myotomy should be 
extended onto the stomach, an observation supported by the above data, especially, 
if it involved the sling fibers on the greater curve close to the angle of His. In support 
of this observation, a recent study showed that achalasia patients with a marginal 
response from a POEM procedure performed at the 9 o’clock position had marked 
improvement when performed at the 3 o’clock position; especially, since the angle 
of His could be identified and sling fibers addressed [113].

 Summary

In conclusion, this review shows that over time even though human anatomy remains 
unchanged, new innovations and interventions have advanced our understanding of 
the biomechanics of esophageal physiology as well as fostered new theories. For 
instance, microdissections, 3D printers, intraluminal ultrasound, and high-resolution 
manometry alone, and in conjunction with impedance and CT imaging as well as ani-
mal models, have impacted clinical medicine and surgical practice. As an example, a 
recent publication in the Archives of Surgery entitled “Effects of Large Hiatal Hernias 
on Esophageal Peristalsis” along with an accompanying editorial by Jeffrey H. Peters, 
MD, entitled “What Do the Esophagus and a Jump Rope Have in Common?” [8, 
114] emphasizes the above points. In the article, the authors showed how large hiatal 
hernias (>5 cm) resulted in a shortened esophagus and that in turn adversely affected 
manometric phenomenon directly affected by esophageal length but still purported 
to be accepted markers for the quality of esophageal peristaltic strength and effec-
tiveness and might cause dysphagia not examined in the article. From this article, 
the editorial writer made a biomechanical observation that the esophagus benefits if 
tethered or anchored at both ends so that at a proper length it might have the functional 
qualities of an ideal “jump rope” length. There is anatomical precedent for this anal-
ogy; the circular muscle of the esophagus joins that of the pharynx, which is firmly 
attached to cervical vertebrae (C1–C4) [12], but not in the region of the UES (C5–6) 
[115] because a recent dissection showed this prevertebral space contains loose fatty 
tissue with pools of amorphous substance to facilitate hyolaryngeal elevation [11]. 
As previously covered, for additional proximal attachment, the longitudinal muscle 
of the esophagus attaches to the cricoid cartilage. Further caudad, the esophagus 
shares the same adventitia with the trachea and loose elastic and/or collagen fiber 
strands also connect the esophagus to the trachea. So, firm anchor points are present 
for the proximal esophagus. However, beyond the tracheal bifurcation, the esophagus 
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is rather loose and devoid of strong attachments. At the caudad end of the esophagus, 
the phrenoesophageal ligament firmly attaches the esophagus to the hiatus of the dia-
phragm. Hence, the “jump rope” analogy has anatomical merit in the form of anchor 
points at both ends of the esophagus and as pointed out in the above editorial; hiatal 
hernia patients are deficient in a distal anchor point.

If the “jump rope” analogy to esophageal function has clinical merit, one might 
expect an esophagus stretched too tightly or loosely between anchor points might 
also be associated with dysfunction or dysphagia. A case can be made for both 
alternatives. For instance, the esophagus has been shown to be lengthened by three 
types of antireflux procedures when measured by its initial length prior to surgery 
and then compared to that approximately 5 months after surgery [116]. The Hill 
procedure (a posterior esophagogastropexy performed by suturing the 
phrenoesophageal membrane and gastroesophageal junction to the median arcuate 
ligament of the aortic hiatus had no formal fundoplication and was lengthened the 
most 7.7% or 1.9 cm [116]. In contrast, that of the Belsey Mark IV (270° wrap) was 
the least (0.4%) and that of the 360° Nissen fundoplication between the two (6% or 
1.5  cm). When we published this study in 1974, Wylie J.  Dodds et  al. had just 
published their cat study earlier showing that the initial esophageal movement 
associated with swallowing was orad to accept the bolus [83]. For that reason, this 
animal study was referenced in the 1974 paper, and concern was expressed that 
antireflux procedures might put the esophagus on a stretch when the first movement 
required for swallowing was orad. This concern was validated because patients 
having the Hill procedure with almost no fundoplication had comparable dysphagia 
to that of the Nissen fundoplication with a 360° wrap (both procedures 83%). Later, 
in 1991 Clouse et al. [53] showed in humans the initial orad esophageal movement 
associated with swallowing was approximately 7% of pre-swallow esophageal 
length, and most of this shortening occurred in the distal segment of esophagus 
where approximately 18% shortening occurred before the manometric contraction 
or circular muscle contraction wave. If one takes the mean length of the human 
esophagus in men measured from cricopharyngeus to esophagogastric junction as 
22 cm [117] and determines 7% shortening, the value (1.5 cm) is comparable to that 
found in the above antireflux study. While one might say a mean stretch of 1.5 is not 
that much, the volitional swallow in a patient with a Nissen fundoplication begins at 
a disadvantaged position, i.e., 6% stretched due to the fundoplication procedure and 
now must shorten an additional 7% related to the volitional swallow before the 
circular muscular contraction begins. Actually, the patient with a fundoplication 
may be more disadvantaged than that just portrayed. For example, the distal 
esophageal segment shortens 18% of its pre-swallow length [53]. Also as previously 
discussed, this esophageal segment includes the LES, which on swallowing moves 
orad to become the ampulla, and in turn accepts the bolus with distension, then has 
its own rate of slower contraction on emptying before returning to its original length 
and position within the diaphragmatic hiatus [99]. That the Nissen fundoplication 
has been shown to significantly increase the segment of LES in the positive pressure 
of the abdomen below the respiratory inversion point by 0.9 cm or 33% over that 
measured before surgery further confounds the stretching problem.
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The stretching caused by fundoplication also concerns others, especially, since 
swallowing causes an initial axial orad esophageal movement, which fundoplication 
restricts [118]. Also, this axial movement in animals appears by neurologic means 
to directly trigger LES relaxation [119]. Lastly, orad axial movement caused by lon-
gitudinal muscle contraction occurs with transient LES relaxations (TLESRs) that 
vent the stomach [87] and fundoplications markedly diminish these contractions 
[120]. Without question, to place more of the LES below the respiratory inversion 
point in the positive pressure environment of the abdomen significantly increases 
LES pressure and deters reflux by both pH and impedance [116, 121]. However, 
this benefit to reflux appears at the expense of dysphagia. While most studies show 
a major portion of dysphagia associated with a fundoplication is gone by 6 months, 
others do not share this observation [122]. Perhaps, if surgical strategies could be 
developed to address the conflict in movement between the physiologic need for 
axial orad distal esophageal segment movement needed for swallowing and the cau-
dad stretching associated with fundoplication, this highly effective antireflux proce-
dure would be more tolerable and acceptable to a larger population of symptomatic 
reflux patients. I do not sense that the dysphagia problem with fundoplication will 
be eliminated by varying the degree of fundoplication and length of fundoplication 
or even performing floppy fundoplications based on the data just presented. Lastly, 
a clinical esophageal example of a loose jump rope occurs in achalasia patients with 
dysphagia from an elongated or S-shaped esophagus.

In conclusion, I hope the reader has learned as much from this manuscript as I 
have in its preparation.
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 Anatomy of the Stomach

The stomach is an organ of digestion situated in the abdomen between the termina-
tion of the esophagus and the beginning of the duodenum. The stomach develops 
from the caudal portion of the embryonic foregut during the 5th week of gestation, 
as a primitive structure located within the ventral and dorsal mesenteries [1]. Due 
to the rotation of the gut, the left vagal trunk ends up in an anterior location, and the 
right vagal trunk ends up in a posterior location. Due to the movement of the foregut 
toward the embryo’s left side, the stomach ends up occupying most of the left upper 
quadrant of the abdomen.

In the adult, the stomach rests between the 10th thoracic and the 3rd lumbar 
vertebral segments, and it is suspended and fixed by four ligaments despite its intra-
peritoneal location: (1) gastrosplenic or gastrolienal (from the stomach to the 
spleen), (2) gastrophrenic (from the stomach to the diaphragm), (3) hepatogastric or 
lesser omentum (from the stomach to the liver), and (4) gastrocolic or greater omen-
tum (from the stomach to the transverse colon). The borders of the stomach are (1) 
the liver (superiorly and laterally to the right), (2) the spleen (laterally to the left), 
(3) the pancreas (posteriorly), and (4) the transverse colon inferiorly.

The stomach is divided into four segments that are important guides when 
 planning a surgical resection: (1) the cardia, (2) the fundus, (3) the corpus or body, 
and (4) the antrum (Fig. 3.1). The cardia is the most proximal part of the stomach 
located immediately after the gastroesophageal junction. The fundus is the region of 
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the stomach that extends above the gastroesophageal junction. The corpus or body 
lies between the fundus and the antrum and is marked distally by the angularis 
incisura, a notch on the lesser curvature of the stomach located near to the pyloric 
end. The last segment is the antrum, which extends from the corpus or body to the 
pyloric sphincter, a thick muscular valve that separates the antrum from the duode-
num [1]. Each of these segments has histologic differences and is involved in unique 
roles in the process of digestion [2].

The stomach has four layers from the outermost to the innermost: (1) the 
peritoneum or serosa; (2) the muscularis propria, also known as muscularis 
externa that is composed of three layers of muscles (longitudinal, circular, and 
oblique) (Fig. 3.2), which contains the myenteric plexus of Auerbach; (3) the 
submucosa, which represents the strongest layer of the stomach; and (4) the 
mucosa, which is subdivided into muscularis mucosae, lamina propria, and sur-
face epithelium.

 Arterial Blood Supply and Venous Drainage of the Stomach

Five major sources contribute to the rich vascular supply of the stomach, all of 
which arise from the celiac trunk forming multiple anastomoses that protect the 
stomach from ischemic events. In a clockwise matter, the left gastric artery (a 
direct branch from the celiac trunk) supplies the upper portion of the lesser cur-
vature of the stomach; the vasa brevia or short gastric arteries (direct branches 
from the splenic artery) supply the fundus and upper portion of the corpus; the 
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left gastroepiploic artery (branch from the splenic artery) supplies the upper 
corpus; the right gastroepiploic artery (branch from the gastroduodenal) sup-
plies the lower corpus and the antrum; and the right gastric artery (branch from 
the common hepatic artery) supplies the lower portion of the lesser curvature 
(Fig. 3.3) [2].
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The venous drainage of the stomach parallels the arterial blood supply. The short 
gastric veins and left gastroepiploic, via the splenic vein, drain to the portal vein. 
The right gastroepiploic, via the superior mesenteric vein, drains to the portal vein. 
Lastly, both right and left gastric (coronary vein) veins drain directly to the portal 
system [1]. The vein drainage of the stomach is important to understand the patho-
physiology of portal hypertension and its complications [3].

 Innervation

The stomach has both parasympathetic and sympathetic innervation. Sympathetic 
nerves are in charge of transmitting pain via the greater splanchnic nerve and celiac 
plexus. Parasympathetic innervation is characterized by afferent signals of the two 
anterior and posterior vagal trunks that descend laterally through the esophageal 
hiatus of the diaphragm, adherent to the muscularis of the esophagus. The right 
vagal trunk runs posteriorly between the aorta and the esophagus, gives off a celiac 
branch, and continues its way through the lesser curvature of the stomach (posterior 
nerve of Latarjet), innervating the posterior wall of the stomach. Near the gastro-
esophageal junction, there is a branch known as the criminal nerve of Grassi. Its 
identification during a truncal vagotomy is very important, as it is thought to be 
related to recurrent symptoms (Fig. 3.4) [2]. The left vagal trunk runs anteriorly 
through the esophagus, gives off a hepatic branch, and continues its way throughout 
the anterior lesser curvature of the stomach (anterior nerve of Latarjet), innervating 
the anterior wall of the stomach and pylorus.
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 Lymphatic Drainage

The lymphatic drainage of the stomach also runs near the arterial blood supply. The 
anatomical importance of lymphatic drainage and the location of the gastric lymph 
nodes (LNs) relies on its relationship with gastric cancer and gastric metastasis [4]. 
The anatomical description of lymph node stations has been defined by the Japanese 
Gastric Cancer Association [5]. The lymph node stations in closer proximity to the 
stomach that correspond to N1 and N2 lymph node metastasis of the TNM classifi-
cation include (1) right paracardial LNs, (2) left paracardial LNs, (3) lesser curva-
ture LNs, (4) left and right greater curvature LNs, (5) suprapyoric LNs, and (6) 
infrapyloric LNs (Fig. 3.5). However, due to the extensive lymphatic communica-
tions, metastatic disease can bypass primary lymph node groups [5].

 Gastric Physiology

The main function of the stomach is to prepare the ingested food for digestion and 
absorption. The solid food components need to be broken down to its basic meta-
bolic components in order be absorbed. Thus, the stomach serves as a storage organ 
to enable this process that takes approximately 3–4 h (transit time). This process 
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also involves the release of hydrochloric acid and other peptides from the gastric 
glands that mixed with the food content (chyme) passes from the stomach to the first 
portion of the small intestine, through the pyloric sphincter to be absorbed.

The stomach contains a glandular epithelium divided into two functional areas: 
the oxyntic area that corresponds to 80% of the stomach and the pyloric area. The 
oxyntic area is located in the fundus and corpus (Fig. 3.1). This area is characterized 
by gastric glands (the acid-secreting unit of the mucosa) (Fig. 3.6) that contain (1) 
mucus neck cells; (2) parietal cells, in charge of the production and secretion of 
hydrochloric acid and intrinsic factor; (3) chief cells, in charge of the production of 
pepsinogen; and (4) enterochromaffin-like cells (ECL cells) that express the enzyme 
in charge of the production of histamine (histidine decarboxylase). The pyloric area 
is located in the antrum of the stomach and is mainly composed of G cells that 
secrete gastrin. Somatostatin releasing cells (D cells) are present in both oxyntic and 
pyloric glands, and its function is to inhibit gastrin and acid release. Endoscopically, 
the acid-secreting cells area and the non-acid-secreting cells area are relatively dis-
tinguished by the rugal pattern. In the antrum, the rugae are linear and aligned with 
the long axis of the stomach. In the corpus, the rugae are oriented obliquely and 
have a convoluted pattern [2].
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Fig. 3.6 Gastric gland. ECL enterochromaffin-like cells
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 Gastric Acid Secretion

Gastric acid secretion is divided into three phases. First, a cephalic phase that origi-
nates through sight of food, smell, thought, taste, or swallowing, which accounts for 
20–30% of the total acid secretion. This phase is mainly mediated by cholinergic 
mechanisms. Second, a gastric phase stimulated by gastric distention and chemical 
effects of food in the gastric lumen, which accounts for 60–70% of the total acid 
secretion. This phase appears to be mainly mediated by gastrin. Finally, a primarily 
inhibitory intestinal phase that is thought to start with the entry of chyme into the 
first portion of the intestine. However, its mediation is still controversial, and it only 
accounts for 10% of the total acid secretion [6, 7].

Gastric acid physiologic secretion regulation consists of three stimulating path-
ways, two inhibitory pathways, and other regulators (Fig. 3.7). The three stimulat-
ing pathways in charge of acid secretion in the stomach include (1) acetylcholine, 
released by cholinergic cells from the vagal trunks; (2) histamine, released by ECL 
cells; and (3) gastrin, released by G cells [8, 9]. The two inhibitory pathways include 
extrinsic signals: (1) somatostatin, released by D cells and (2) prostaglandins (E and 
I) [10]. There have been proposed other types of intrinsic cell signals like the 
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epidermal growth factor and the transforming growth factor alpha (EGF/TGFα) that 
may play an important role in acid secretion by modulating intracellular tyrosine 
kinase activity [11].
The stomach has a basal acid secretion level of 1–5 mmol/h of HCL and a total 
of 1–2 L of HCL acid secretion every 24 hours that maintain a luminal concen-
tration of 150–160  mmol/L.  The basal acid secretion can be decreased with 
medical (H2 blockers) or surgical (vagotomy) interventions. Thus, this basal 
acid secretion is thought to be stimulated by cholinergic as well as histaminergic 
output [1].

  Intracellular Signals for Acid Secretion

Gastrin, histamine, and acetylcholine stimulate the parietal cell through intracellu-
lar pathways that involve second messengers (Fig.  3.8) (1). Gastrin binds to the 
CCK-2 receptors located in the parietal cell membrane. This process activates phos-
pholipase C that activates phosphatidylinositol triphosphate through phosphoryla-
tion, which increases cytosolic calcium release, that act on calmodulin kinases that 
ultimately stimulate the hydrogen potassium ATPase pump (H+/K+ ATPase pump) 
(2). Histamine binds to the H2 receptors that activates adenylate cyclase, increasing 
cAMP, which activates protein kinase A that ultimately stimulates the H+/K+ 
ATPase pump (3). Acetylcholine binds to type 3 muscarinic receptors (M3) that also 
act through the activation of the phospholipase C pathway mentioned above (4). 
Somatostatin represents the main inhibitor of acid secretion. Its major role has been 
the indirect inhibition of histamine release through SSTR2 receptors in the ECL 
cells. However, this hormone may also bind to SSTR2 receptors located in the pari-
etal cell membrane [12].

Potassium plays a critical and essential role in the activation of the H+/K+ 
ATPase pump (Fig. 3.9). During the resting state, the parietal cell stores the H+/K+ 
ATPase pump within tubulovesicular intracellular elements that have a low K+ con-
centration and an impermeable membrane to K+ ions. After parietal cell stimula-
tion, cellular relocation of the H+/K+ ATPase pump to the apical membrane occurs 
through cytoskeletal mobilization. This process leads to the exposure of the H+/K+ 
ATPase pump to K+ ions, which starts exchanging H+ ions. The process is in charge 
of ion transport to maintain electroneutrality within the membranes. For each H+ 
ion transported into the canaliculus by the H+/K+ ATPase pump, the basolateral 
CL-/HC03- exchanger delivers a HCO3- out the parietal cell and a Cl- into the cell. 
Moreover, in the apical membrane, Cl- is secreted into the canaliculus through Cl- 
channels (C1C-2 channel). In order to maintain electroneutrality, the Cl- excreted 
accounts as a counter for the K+ flux across the membrane. The Na+/K+ ATPase 
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located in the basolateral membrane also plays a major role in the parietal cell by 
exchanging intracellular Na + for extracellular K+. Furthermore, also in the basolat-
eral membrane, K+ channels allow the efflux of K+ ion to create a negative cell 
membrane potential [13].
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Fig. 3.8 Intracellular control of acid secretion in the parietal cell. ECL enterochromaffin-like 
cells, PGL prostaglandins, SSTR2 somatostatin receptor type 2, CCK2 cholecystokinin type 2 
receptor, H2 histamine type 2 receptor, M3 muscarinic acetylcholine receptor type 3, Ach acetylcho-
line, AC adenylate cyclase, ATP adenosine triphosphate, cAMP cyclic adenosine monophosphate, 
PLC phospholipase C, PIP2 phosphatidyl 4,5-bisphosphate, IP3 inositol triphosphate, Ca++ cal-
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 Medical and Surgical Approaches to Decrease Gastric Acid 
Secretion

The complex physiological acid secretion control led to the creation of multiple 
drugs that act through different mechanisms. The most commonly used groups of 
drugs for patients with increased acid secretion and further symptomatology are 
proton pump inhibitors (PPIs) (omeprazole, pantoprazole, esomeprazole, dexlanso-
prazole) and H2 receptor antagonists (famotidine, ranitidine, nizatidine, cimeti-
dine). PPIs act through an irreversible inhibition of the H+/K+ ATPase pump, and 
H2 receptor antagonists act as competitive antagonists of the H2 receptor. Rebound 
acid hypersecretion occurs after the cessation of both types of medications. Thus, 
the abrupt discontinuation of these medications in patients with high risk of recur-
rence or complications might not be the best approach. It is also important to know 
that H2 receptor antagonists, but not proton pump inhibitors, have been related to 
the development of tolerance as soon as 7 days after therapy. Lastly, PPI are among 
the most commonly prescribed classes of drugs. However, it is important to acknowl-
edge that the chronic use of this class of drugs have been (1) consistently related to 
the development of fundic gland polyps; (2) have a weak association (Odds ratio 
<2) with an increased risk of fracture, hypomagnesemia, vitamin B 12 deficiency, 
cardiovascular risk, C. difficile infection, and pneumonia; and (3) have an uncertain 
and modest association with dementia and renal disease, respectively [14].

H. pylori, a pathogen that is transmitted from human to human, has been impli-
cated in the development of chronic active gastritis, and its eradication cures this 
disease, altering the progression of its complications. Moreover, H. pylori can both 
increase and decrease acid secretion by different mechanisms. The treatment for  
H. pylori in patients with non-atrophic antral-predominant gastritis and atrophic 
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gastritis, but not in patients with extensive atrophic changes, leads to a partial cor-
rection of the low or high acid state of these patients. However, the treatment for 
“acid correction” should not be used as an argument to treat this infection as it has 
not been proven to be of clinical relevance [15].

The surgical approaches to control gastric acid secretion include (1) gastrectomy, 
(2) antrectomy, and (3) vagotomy. These three approaches act through different mech-
anisms that each serve to decrease acid secretion. Parietal ECL cells are removed in a 
gastrectomy. A decrease in both G and ECL cells occurs as part of an antrectomy. 
Cholinergic stimulation of the parietal cells is interrupted by a vagotomy [2].

 Non-Acid Gastric Secretion

Mucus and HC03- are constantly secreted by mucus glands located throughout the 
entire gastric mucosa, which help to neutralize acid levels and provide a mechanical 
barrier that protects against mucosal injury. Mucus production is stimulated by 
cholinergic stimuli and prostaglandins. Thus, nonsteroidal anti-inflammatory drugs 
and anticholinergics can inhibit mucus secretion, making the gastric mucosa 
susceptible to injury. H. pylori infection has also been related to the secretion of 
lipases and proteases that cleave mucin, therefore affecting the protective mucosal 
barrier. Another important role of the gastric mucus that protects the apical cell 
membrane is its relative impermeability to pepsin and its intrinsic resistance to the 
diffusion of H+ ions. Lastly, the mucosal blood flow that can be affected by multiple 
factors is also crucial to maintain a healthy mucosa by delivering the appropriate 
oxygen and nutrients needed for cytoprotection and cellular function.

 Gastric Digestion

The stomach is implicated in the preparation of the ingested food for its digestion and 
absorption in the small intestine by mixing the ingested food with acid (chyme) and 
releasing pepsinogen that is consequently activated into pepsin, cleaving peptides into 
their basic metabolic constituents. The parietal cell also secretes intrinsic factor that 
helps with the absorption of vitamin B12 in the terminal ileum. Thus, patients with 
intrinsic factor deficiency secondary to a gastrectomy or pernicious anemia require 
vitamin B12 supplementation. Gastric acid also promotes the absorption of iron and 
calcium cations [2, 16]. Therefore, the alteration of gastric pH through medications 
like proton pump inhibitors can alter the absorption of these types of molecules.

 Gastric Motility

Intrinsic and extrinsic neural mechanisms control and modulate gastric motility. 
The extrinsic control is carried through sympathetic and parasympathetic pathways, 
and the intrinsic control is mediated by the enteric nervous system. Gastric motility 
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differs in the fasting and postprandial state. The gastric electrical pacemaker 
responsible for the motor functions is located in the midportion of the greater cur-
vature. In the fasting state, slow waves travel circumferentially and distally toward 
the pylorus at three cycles per minute, and a cyclical pattern of slow waves and 
electrical spikes, also known as the myoenteric migrating complex, run through the 
stomach and help the clearance of gastric content. In anticipation of food intake, the 
proximal portion of the stomach relaxes, through a process called receptive relax-
ation. This relaxation settles the solid food in the fundus and greater curvature of the 
stomach, while liquids pass without difficulty through the lesser curvature [16]. In 
the postprandial state, the proximal and fundus tone relaxes to enable its storage 
function, and the midportion and antrum create repetitive forceful contractions that 
help to mix and grind the food into small particles. Even though most gastric motil-
ity disorders causing delayed gastric emptying are idiopathic, diseases like diabetes 
or postsurgical vagotomy and/or iatrogenic vagal injuries are commonly associated 
with gastric motility disorders.

 Gastric Implication in Appetite Control

During the last decades, appetite control has been broadly studied as it has been 
shown to have an important role after bariatric procedures. However, it has not been 
completely understood as it involves a complex neurohormonal mechanism. Even 
though the small and large intestine significantly contribute to appetite control 
through the release of multiple hormones implicated in this process (GLP-1, PYY, 
GIP, and oxyntomodulin), the stomach also plays an important role [17]. Ghrelin 
and gastrin, hormones that are mainly released by the stomach, have also been asso-
ciated with increased and decreased appetite, respectively. Ghrelin is secreted in a 
diurnal rhythm that stimulates appetite and food intake. This peptide is released 
during fasting states to the portal circulation and travels through the systemic circu-
lation to finally stimulate hypothalamic appetite centers. Ghrelin levels decrease 
dramatically when the stomach begins to fill [18]. Thus, after bariatric procedures 
(sleeve gastrectomy and Roux-en-Y gastric bypass) that create small pouches that 
are easily stretched, a dramatic fall of the levels of this hormone is detected. 
Therefore, decreasing appetite is thought to benefit patients by promoting weight 
loss and theoretically affecting metabolic status [19].

 Gastric Secreted Peptides and Compounds

 Gastrin

Gastrin is a peptide produced by G cells located in the antrum of the stomach. 
Several molecular forms have identified (G-34, G17, and G-14). Most of the antral 
gastrin is released as G-17. However, G-34 predominates in the circulation due to 
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the longer metabolic half-life, compared to that of G-17. Gastrin is released by 
stomach muscle distention and by the presence of food (especially by peptides) in 
the lumen. Moreover, luminal acid and somatostatin decrease its release. Gastrin 
functions include (1) an increase production of HCL acid, pepsinogen, intrinsic 
factor, pancreatic secretions, and bile; (2) the promotion of satiety; and (3) a trophic 
regulation of the parietal and ECL cells [16, 17, 20].

 Ghrelin

Ghrelin is a peptide produced by ghrelin release cells mainly located in the oxyntic 
area of the stomach. It is secreted during fasting states and its levels decrease after 
the stomach starts to fill. Ghrelin functions include (1) an increase in appetite, (2) an 
increase of gastric emptying and motility, (3) the induction of growth hormone 
release, and (4) inhibition of glucose-stimulated insulin production [17, 18].

 Somatostatin

Somatostatin is a peptide produced by D cells located throughout the entire gastric 
mucosa. It is secreted by the increase in gastric acid, gastrin itself, and vasoactive 
intestinal peptide and decreases after cholinergic activation. Somatostatin functions 
include (1) inhibition of histamine release (ECL cells) and may directly inhibit 
parietal cells, therefore decreasing acid secretion and (2) a decrease of gastrin 
release [10, 17].

 Pepsin

Pepsinogen is released by chief cells located in the oxyntic area of the stomach. 
Pepsinogen is activated to pepsin (its active protease state) by low gastric pH and 
inactivated by pH above 4. It is secreted by gastrin, cholecystokinin, and acetylcholine 
stimuli. Pepsin functions include (1) protease activity and (2) mucolytic activity 
[21, 22].

 Histamine

Histamine is nitrogenous compound released by ECL cells and mastocytes located 
in the oxyntic area of the stomach. It is secreted by gastrin, acetylcholine, adenylate 
cyclase-activating polypeptide, and vasoactive intestinal peptide, and its secretion 
decreases by somatostatin, calcitonin, gene-related peptide, PYY, prostaglandins, 
and galanin. Histamine is the major paracrine stimulator of acid secretion through 
the stimulation of the parietal cell [16, 23].
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 Prostaglandins

Prostaglandins are autocrine factors mainly released by macrophages and capillary 
endothelial cells [24]. Its functions include (1) inhibition of acid secretion, (2) 
inhibition of histamine-stimulated parietal cell function, (3) inhibition of gastrin- 
stimulated histamine release, and (4) stimulation of mucus production [25].

 Pylorus Anatomy and Physiology

The pyloric sphincter represents a zone of high resting pressure that is easily identi-
fied endoscopically (by the underlying muscular ring) and is easily palpated during 
surgery as a muscular ring on the gastroduodenal junction. The pyloric area is 
defined by a proximal pyloric loop (3 cm lumen) and a distal pyloric loop (1 cm 
lumen) that are not easily identified. However, this entire segment (proximal and 
distal pyloric loops) contracts as a unit and differs structurally and functionally 
from the adjacent antrum and duodenum. The proximal loop participates in gastric 
phasic contractions (every 3 minutes) that lead to a forceful closure of the pyloric 
lumen, this way, controlling the passage of the chyme from the stomach to the duo-
denum [26].

The pylorus receives blood supply mainly from the gastroduodenal artery, a 
branch of the common hepatic artery. The pylorus is innervated by intrinsic 
(myenteric plexus) and extrinsic (vagal branches and adrenergic fiber) nerves. The 
myenteric plexus nerve cells contain excitatory (enkephalins and substance P) and 
inhibitory (vasoactive intestinal peptide and nitric oxide) transmitters. The vagal 
innervation is mechanosensitive, responding to muscle stretch. However, vagal 
motor fibers have been also found to mediate excitatory (enkephalins and acetylcho-
line) and inhibitory responses (vasoactive intestinal peptide and nitric oxide) [26]. 
Therefore, the stimulation of the pyloric nerves can trigger both phasic contractions 
and/or relaxation of this segment.

The importance of the pyloric sphincter is not fully appreciated until pathology 
is encountered, such as in a patient with an intrinsic pyloric disease like infantile 
hypertrophic pyloric stenosis or patients with destruction or bypass of the pyloric 
sphincter who present to clinic with dumping syndrome.

 Gastric Microbiome

The discovery of H. pylori in 1982 by Marshall and Warren led to the consideration 
of other commensal organisms in the stomach (gastric microbiota), shifting the 
belief of a “sterile stomach.” H. pylori is mainly transmitted person to person (fecal/
oral or oral/oral), and once it has colonized the stomach, it becomes the predomi-
nant gastric microbiota species. The prevalence of H. pylori differs between regions, 
reaching 80% in developing countries [27]. In developed countries, such as the 
USA, its prevalence has been declining through the years, with a reported prevalence 
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of 50% in 1991 and 17% in 2010 [28]. H. pylori’s urease activity, its ability to 
penetrate through the gastric mucus layer, and then binding to specific gastric 
receptors explain its adaptation to the gastric hazardous environment and predilection 
to the gastric mucosa. Moreover, most of the H. pylori positive patients are 
asymptomatic. However, all carriers will ultimately develop chronic gastritis. The 
location of the affected part of the stomach has different patterns of gastritis and 
therefore different changes in gastric acid secretion. Antrum-predominant gastritis, 
which decreases somatostatin production, is related to gastrin-induced increased 
acid secretion, and pangastritis or corpus-predominant gastritis, which is associated 
with extensive gastric atrophy, causes hypo- or achlorhydria and thus a decrease in 
acid secretion [27].

Other possible commensal organisms of the stomach have also been studied in 
recent years. Bik et al. characterized bacterial diversity of the gastric mucosa of 23 
gastric endoscopy biopsies and found 128 phylotypes, the majority assigned to the 
Proteobacteria, Firmicutes, Actinobacteria, Bacteroidetes, and Fusobacteria phyla. 
This finding suggests that the stomach may have a distinct microbiota, and its role 
in human health still needs to be studied and elucidated [29].
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4Anatomic and Physiologic Tests 
of Esophageal and Gastric Function

Sarah Marucci, Jessica Zarzour, and James Callaway

 Introduction

Both the medical and surgical management of chronic and acute disease require 
an accurate diagnosis and understanding of the underlying physiology and 
pathology. Physiology is often thought of in global terms, but scientific discov-
ery and innovation over the last millennia have enabled the scientific community 
to accurately describe, quantify, and manipulate human physiology in a way that 
allows clinicians to tailor treatment plans and interventions in an individual 
fashion.

The foregut is at the forefront of intestinal transit and motility as well as diges-
tion and absorption. Thus the manipulation of these processes during the treatment 
of disease, both medically and surgically, allows for both treatment success and 
treatment consequences. This chapter will review the various methods for the evalu-
ation of esophageal and gastric transit, motility, acid physiology, as well as ana-
tomic considerations and evaluations. It will review the basic procedural elements 
to each testing method and review salient features to each test.
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 Esophageal Motility

 Barium Swallow

The barium esophagram is a useful diagnostic tool in the real-time evaluation of 
esophageal anatomy, motility, and physiology. It is often the initial test used in the 
evaluation of dysphagia given its ability to identify both mechanical and functional 
causes, but it is also widely used in the evaluation of gastroesophageal reflux disease, 
hiatal hernias, peristalsis, and postoperative functional and structural evaluations. A 
barium swallow is used in patients with a suspected proximal esophageal lesion 
such as Zenker’s diverticulum or stricture, both of which may carry a risk of 
perforation with initial evaluation by upper endoscopy. It is also used following an 
unrevealing upper endoscopy when a subtle mechanical obstruction is still suspected. 
Though high-resolution manometry and impedance technology are now commonly 
available for assessment of esophageal motility and bolus transit, the barium 
esophagram can be used in conjunction with these tests for further evaluation and 
confirmation.

Basic Procedure Prior to performing the barium esophagram, the patient should 
have nothing by mouth for 2 h. The exam begins by examining the pharynx and 
upper esophageal sphincter in the upright lateral and anteroposterior (AP) positions. 
Esophageal emptying is assessed in the upright positions. If esophageal emptying is 
impaired in the upright position, the exam is then converted to a timed barium 
swallow to assess for the possibility of achalasia. Spot images of the esophagus are 
obtained at 1, 2, and 5 min with times denoted on the image [1]. The gastroesophageal 
junction (GEJ) and the air-fluid column should be included in each image. In a 
normal individual, the barium should empty within 1 min. This timed study can be 
used to confirm an achalasia diagnosis or used after treatment to monitor success of 
treatment and detect disease [2].

If esophageal emptying is normal in the upright position, then the exam contin-
ues with the double-contrast portion. The patient is placed in the erect left posterior 
oblique position and swallows a sodium bicarbonate effervescent agent dissolved in 
10  cc of water in order to distend the esophagus. This is followed by rapidly 
swallowing of 2 ounces of “thick” (high-density) barium, and spot images are 
obtained to assess the esophageal mucosa.

To observe the motility phase without the effect of gravity, the patient is then 
placed in the horizontal right anterior oblique position and is asked to swallow 
single sips of “thin” (low-density) barium. Three to five individual sips should 
be observed, as motility disorders can be intermittent. The patient then drinks the 
barium continuously to fully distend the esophagus, and then single-contrast spot 
images of the entire esophagus are obtained. This distention is useful to detect stric-
tures, rings, and contour abnormalities from extrinsic compression and to evaluate 
the GEJ [3].
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Gastroesophageal reflux is then assessed. The patient is rolled into the left lateral 
position to allow barium to move into the gastric fundus. Then the patient is observed 
as he or she is rolled into the right posterior oblique position. If no reflux is seen, 
several maneuvers can be used to provoke gastroesophageal reflux including the 
Valsalva maneuver, strong cough, and the water siphon test. The degree of 
esophageal injury depends on the amount of reflux, the superior extent of the reflux, 
and the time it takes to clear. The sole purpose of the barium swallow is not to 
determine the presence or absence of reflux but to assess for the complications from 
reflux (strictures, erosions, hiatal hernias). As compared to pH and impedance 
monitoring in the evaluation of reflux, barium esophagography is the only method 
available to measure reflux volume.

A 13 mm barium tablet is given to patients with dysphagia unexplained by the 
findings on the routine study or to evaluate possible strictures and assess its clinical 
significance. The barium tablet can be used to localize the site of subtle obstruction 
such as a ring or stricture that the patient could have compensated for in earlier tests 
by smaller and slower ingestion of liquids. Barium meals can also be useful in order 
to provoke the patient’s symptoms. This form of provocative testing can help 
distinguish the actual site for symptom development in patients who may have more 
than one potential contributor.

Motor Function/Peristalsis Esophageal peristalsis normally occurs in three distinct 
phases which can be elicited and observed using the barium esophagram. With intake 
of a bolus, the upper esophageal sphincter (UES) relaxes allowing the bolus to pass 
from the pharynx to the cervical esophagus. A primary peristaltic wave then occurs 
with the contraction of the inner circular muscles and propagation of the contraction 
to the distal esophagus. During normal peristalsis the barium column will rapidly 
progress distally as an inverted V [4]. This coordinated and stepwise progression down 
the esophageal body results in a primary stripping wave that can be observed on bar-
ium esophagography. The lower esophageal sphincter (LES) then relaxes and allows 
the bolus to pass through the GEJ into the stomach. A secondary peristaltic wave, 
which is induced by esophageal distention from any retained barium bolus or refluxed 
material, may occur in up to 30% of normal swallows and clears any remaining bolus 
without the need for an additional swallow triggered by a conscious effort [5]. Tertiary 
contractions are simultaneous, isolated, and dysfunctional contractions with no peri-
staltic or physiologic function. Barium esophagography can also be used to visualize 
“proximal escape,” in which a small volume of barium escapes proximally from the 
inverted V to an area previously cleared. This can be a normal variant and is typically 
cleared by secondary peristalsis; however, substantial (>10 cm) retrograde escape has 
also been shown to be due to hypotensive peristaltic waves in patients with incompe-
tent peristaltic contractions or occurring prior to the next swallow due to obstruction 
[6]. Proximal escape can also result from breaks in the peristaltic wave, typically 
occurring in the transition zone between the striated muscle of the proximal esopha-
gus and the smooth muscle distally. These peristaltic breaks may appear as an incom-
plete stripping wave during peristalsis evaluation.
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Motility Disorders
With the capability of assessing bolus transit and structural characteristics with fluo-
roscopy, the barium swallow can aid in the diagnosis of motility disorders. Classical 
achalasia (type I), characterized by failure of LES relaxation and aperistalsis, may 
show a smooth taper of the esophageal lumen toward the LES, giving the classic 
“bird beak” appearance. A dilated and tortuous esophagus may be seen proximally 
along with aperistalsis of the lower two-thirds of the esophagus, and delayed barium 
emptying (Fig. 4.1) [3]. It is important to note that a barium esophagram cannot 
always distinguish between primary achalasia and secondary achalasia, and thus 
direct endoscopic evaluation as well as esophageal manometry should be used as 
conjunctive studies [7]. Also, if esophageal manometry shows equivocal results, an 
esophagram should be performed to assess esophageal morphology and emptying 
[8].

Spastic esophageal motility disorders may be seen on a barium esophagram 
as lumen-obliterating contractions or tertiary contractions seen during peristalsis 
evaluation in the setting of distal esophageal spasm or hypertensive peristalsis. 
Distal esophageal spasm can have a “corkscrew appearance” as the esophagus 
is compartmentalized with repetitive and simultaneous lumen-obliterating con-
tractions (Fig.  4.2) [9]. Secondary esophageal motility disorders such as those 
due to scleroderma, diabetes mellitus, or gastroesophageal reflux disease may 
be characteristically identified and suggested with fluoroscopy. In patients with 
scleroderma, the GEJ is often patulous with free gastroesophageal reflux. Barium 
may be ineffectively cleared due to poor LES tone and ineffective contractions 

Fig. 4.1 Timed barium esophagram at 1, 2, and 5  min demonstrates a static column of fluid 
(arrow) within the dilated esophagus and a birds beak appearance of the lower esophageal sphincter. 
This is a classic appearance of type 1 achalasia
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from atrophied smooth muscle in the distal esophagus. Patients with scleroderma 
are at particularly high risk of esophageal stricture formation due to persistent 
reflux [4, 10].

Anatomic Considerations
Barium esophagography evaluates structural components of the esophagus that may 
be contributing to symptoms of dysphagia such as strictures, rings and webs, ulcers, 
hernias, diverticula, and neoplasms. The double-contrast barium esophagram allows 
for enhanced mucosal evaluation and provides detail for diagnosing mucosal pathol-
ogy. Radiographic findings of esophagitis are typically seen in the distal one-third 
of the esophagus. Findings can include granularity of the mucosa (due to edema and 
inflammation), fold thickening, erosions, ulcerations, and stricture [11]. Barrett’s 
esophagus, a premalignant complication of GERD, may be suggested on barium 

Fig. 4.2 Single-contrast 
barium esophagram in a 
patient with distal 
esophageal spasm shows 
tertiary contractions 
throughout the mid and 
distal esophagus. The 
contractions delay 
emptying of the esophagus
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testing as a delicate reticular pattern in the distal esophagus or as a stricture in the 
mid-esophagus, although endoscopy and histology are still required for diagnosis 
[12, 13]. GERD may also be suggested by the presence of a “feline esophagus” 
where transient transverse folds are present in the distal esophagus on barium 
esophagography (Fig. 4.3a).

The barium esophagram allows for a more accurate diagnosis of esophageal 
rings and webs, as these can be subtle and overlooked by endoscopy. Esophageal 
webs may be seen in the cervical esophagus, often occurring anteriorly and are 
usually eccentric. The esophageal vestibule is bordered superiorly by the muscular 
“A” ring and inferiorly by the mucosal “B” ring at the squamocolumnar junction 
(Fig. 4.3b). A Schatzki’s ring is a weblike narrowing of the “B” ring that causes 
dysphagia. The “B” ring is located at the EGJ and is a thin concentric protrusion 
covered by squamous epithelium proximally and gastric columnar cells distally 
(Fig. 4.3c). A “C” ring may also be identified, and this denotes a ring formed by 
diaphragmatic crural pressure. A “ringed” esophagus has been described as multiple 
circumferential rings occurring most commonly in the mid-esophagus and is 
associated with eosinophilic esophagitis (Fig. 4.3d) [14].

Identification of the GEJ on the barium swallow is important to diagnose a hiatal 
hernia. Inspiration while lying prone can accentuate subtle sliding-type hiatal 
hernias (Fig. 4.3e). The barium swallow can characterize and subtype hiatal hernias. 
Identification of a shortened esophagus is critical in the preoperative evaluation of 
patients with GERD as it may alter surgical planning [15, 16]. Esophageal diverticula 
can also be identified with barium swallows.

In the immediate postoperative exam, water-soluble contrast can be used to 
assess for leak. Postoperative barium swallows may also be helpful to assess to 
integrity and position of the fundoplication wrap as well as for recurrent hiatal 
hernia [17].

 Esophageal Manometry

The evaluation of esophageal motility, in a dynamic fashion, was initially only able 
to be completed with the barium esophagram. With the advent of esophageal 
pressure monitoring in the 1940s, scientists have had an additional method to clarify 
and quantify esophageal motility in both health and disease. Catheters, placed 
transnasally into the stomach, were initially water-perfused and had between four 
and eight pressure sensors that were spaced apart every few centimeters. Each of 
these sensors is connected to a transducer and an external data recording device 
which allows pressure amplitudes to be logged and displayed over time in a 
continuum along the esophageal body. This technology has been largely replaced by 
high-resolution esophageal manometry (HRM) which utilizes pressure monitors in 
a solid-state catheter which are spaced out approximately every 1 cm. (Fig. 4.4). 
There are numerous brands and configurations, but most esophageal catheters have 
between 32 and 36 sensors which allow for a more detailed analysis of both the 
esophageal body and the LES than was previously seen with conventional 
manometry. The resultant pressure tracings are converted to Clouse plots, termed 
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b

Fig. 4.3 (a) Top left, double-contrast barium esophagram demonstrates thin, transient transverse 
folds in the distal esophagus, consistent with “feline esophagus.” This appearance is almost always 
consistent with gastroesophageal reflux and occurs transiently in response to reflux. (b) Top right, 
GEJ anatomy: right anterior oblique image of a barium filled esophagus in a patient with a normal 
gastroesophageal junction. “A” designates the muscular A ring. “B” designates the mucosal B ring. 
“X” designates the esophageal vestibule. (c) Bottom left, Schatzki’s ring: right anterior oblique 
image of the gastroesophageal junction in a 42-year-old man with dysphagia. The B ring narrows 
the gastroesophageal junction to 1 cm and is the cause of the patient’s dysphagia. This Schatzki’s 
ring prevented the passage of the barium tablet. (d) Bottom center, single-contrast barium esopha-
gram image obtained in the right anterior oblique position in a patient presenting with dysphagia 
shows a “ringed” appearance of the upper thoracic esophagus (arrow) where there is mild narrow-
ing. This was confirmed to represent eosinophilic esophagitis. (e) Bottom right, hiatal hernia: this 
is a 49-year-old woman with history of reflux and increasing dysphagia. A peptic stricture is pres-
ent at the gastroesophageal junction (white arrow). The patient has a sliding-type hiatal hernia 
(black star). The hiatus is widened in the patient (black arrow), making her more prone to reflux
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esophageal pressure topography, which display a vivid representation of pressure 
amplitude over time and space [18]. The HRM computer software also allows for a 
virtual sleeve to be created to accurately characterize the LES by grouping 5–6 sen-
sors together in the distal esophagus.

The manometry catheter can be placed transorally but is typically placed 
transnasally due to patient tolerability. The catheter is passed down the esopha-
gus and positioned across the LES, 2–3 cm into the stomach. The study is typi-
cally performed in the supine position, similar to barium esophagography, to 
reduce the effects of gravity and allow for isolated measurement of esophageal 
peristalsis and motility. Either before or after the assessment of esophageal peri-
stalsis, baseline characteristics of the esophagus are recorded including basal/
resting LES and UES pressures, the presence or absence of a hiatal hernia, and 
the relationship between the LES and diaphragm. To evaluate peristalsis, the 
patient is given 5 cc boluses of saline, separated by at least 30 s between swal-
lows to allow for a return of baseline muscle potential. Typical protocols involve 
the recording and analysis of ten individual swallows. Variations can be 
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Fig. 4.4 High-resolution esophageal manometry metrics: examples of (a) a normal swallow, (b) 
a premature swallow, (c) a failed swallow with pan-esophageal pressurization, and (d) a hypercon-
tractile swallow are displayed. Swallow onset (relaxation of the UES) is represented by a white 
arrow. The contraction deceleration point is represented by a white dot. Compartmentalized pres-
surization (star) can be appreciated in B. DCI, distal contractile integral; DL, distal latency; IRP, 
integrated relaxation pressure. (From Kahrilas [88])
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performed, including the use of viscous or solid foods instead of saline or using 
the semi-erect or erect posture depending on patient tolerability of the supine 
position.

High-resolution manometry testing provides quantifiable, objective measure-
ments which allow for standardized interpretation. The Chicago Classification for 
Esophageal Motility Disorders, currently in its third edition, is the most widely used 
classification scheme for defining esophageal motility disorders [19] (see Chapter 
32). This system utilizes an approach in which each swallow is analyzed with regard 
to esophageal body contraction vigor, esophageal contraction pattern, LES relax-
ation, and the intrabolus pressure pattern (Table 4.1).

The contraction vigor of esophageal peristalsis is measured by a software algo-
rithm of the contraction pressure from the start of the transition zone, where the 
esophageal muscle composition changes from striated to smooth muscle, to the LES 
(Clouse segments 2 and 3) [18]. This is termed the distal contractile integral (DCI) 
and is measured in terms of mmHg × cm × s. Normative values for the DCI and the 
other definitions listed below have been suggested by the International HRM 
Working Group and are based on studies primarily performed on the Medtronic 
(formerly Sierra Scientific) apparatus [19]. Contraction vigor is defined as weak 

Table 4.1 Esophageal manometry keywords and measurements

Keyword Definition Application
Distal 
contractile 
integral (DCI)

The contraction pressure (measured by 
mmHg × cm × sec) from the start of the 
transition zone to the LES

Failed contraction (DCI <100)
Weak (DCI <450)
Normal (DCI 450–8000)
Hypercontractile (DCI >8000)

Contractile 
deceleration 
point (CDP)

The inflection point where propagation 
velocity slows as it approaches the LES at 
the phrenic ampulla

Allows for measurement of 
distal latency

Distal latency 
(DL)

The time interval (measured in 
amplitude × duration × length) between 
UES relaxation and the peristaltic wave 
reaching the CDP

Normal >4.5 s
Premature contraction is <4.5 s
Helps define distal esophageal 
spasm and type III achalasia

Peristaltic 
breaks

Gaps in the 20 mmHg isobaric contour of 
the peristaltic contraction between the 
UES and EGJ, measured in axial length

Swallow is termed 
“fragmented” if breaks are 
present >5 cm in length

Integrated 
relaxation 
pressure (IRP)

The average lowest EGJ pressure 
measured for 4 contiguous or 
noncontiguous seconds of relaxation in the 
10 s window following deglutitive UES 
relaxation

Normal IRP < 15 mmHg
Impaired EGJ relaxation is an 
IRP >15 mmHg which is a 
defining characteristic of 
achalasia

Esophageal 
pressurization

Intrabolus pressure measurement within 
the esophagus

Normal: No bolus 
pressurization >30 mmHg
Panpressurization: Uniform 
pressure > 30 mmHg from UES 
to EGJ
Compartmentalized: 
pressurization extending from 
contractile front to EGJ
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(DCI <450), failed (DCI <100), hypercontractile (DCI >8000), or normal (DCI 
450–8000). Similar metrics have been defined on other platforms [20, 21].

To evaluate for premature contractions, the time interval between UES relaxation 
and the peristaltic wave reaching the contraction deceleration point (CDP) is mea-
sured. The CDP demarcates the inflection point where esophageal peristaltic veloc-
ity slows as it approaches the LES at the esophageal vestibule [22, 23]. This time 
elapse is termed the distal latency (DL), and normal values have been determined 
for each of the software apparatuses [20, 21, 24]. Swallows with a value less than 
4.5  s are considered premature. This metric is primarily used in defining distal 
esophageal spasm and type III achalasia (see Chapter 31).

When evaluating the LES, the metric used to define appropriate deglutitive EGJ 
relaxation is called the Integrated Relaxation Pressure or IRP. The IRP, measured in 
mmHg, is the average lowest pressure in four contiguous or noncontiguous seconds 
of deglutitive relaxation in the 10-s relaxation window which begins at UES relax-
ation. This metric is expressed as the median value of the 10 analyzed swallows and 
is normal if <15 mmHg on the Medtronic apparatus. Impaired LES relaxation is 
defined as an IRP >15 mmHg (>20 mmHg on Sandhill software), and this is one of 
the defining characteristics of achalasia.

Breaks in peristalsis, where circular muscle contractions do not occur con-
tiguously, can be seen on esophageal pressure topography. Breaks are considered 
clinically significant if they are greater than 5 cm in axial length. If present, these 
swallows are termed fragmented and may be associated with impaired bolus tran-
sit [19, 25]. Intrabolus pressurization patterns are also defined by the Chicago 
Classification [19]. Pressurization within the esophagus greater than 30 mmHg is 
considered abnormal and is classified into “panpressurization” if this occurs from 
the UES to the EGJ or “compartmentalized” if this extends from the contractile 
front to the EGJ.

Each swallow is analyzed individually based on the above parameters, and then 
the Chicago Classification is applied to determine if a major or minor disorder of 
peristalsis is present. Also, the presence of a hiatal hernia can be determined as well 
as characteristics of EGJ morphology. When esophageal manometry is coupled with 
impedance monitoring, bolus transit abnormalities can also be described.

 Assessment of Esophageal Bolus Transit

Clinically, patients with dysphagia will often describe the sensation of food “stick-
ing” or slowing in their neck, chest, or epigastrium. Dysphagia symptoms may also 
develop after esophageal or gastric surgery. In addition to describing esophageal 
peristalsis and motor function, assessment of bolus transit through the esophagus 
may also provide clinically useful information. To describe and quantify this, mul-
tiple diagnostic methods have been developed including fluoroscopy, luminal 
impedance testing, and scintigraphy. Each of these tools has different characteristics 
which provide insight into transit time, the direction of flow, and potential quantifi-
cation of bolus retention or reflux.
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 Fluoroscopy

The barium swallow is the gold standard for assessing esophageal bolus transit. It 
is useful in evaluation of bolus transit and has been shown to have excellent cor-
relation with impedance monitoring [5]. Bolus transit can be assessed in both the 
erect and horizontal positions. In addition to assessment of bolus transit of liquid 
barium, the patient can also be tested with provocative foods coated in barium. In 
patients with a major motility disorder such as achalasia or scleroderma, a barium 
esophagram may be useful to assess bolus transit because of the low baseline 
impedance values [26].

 Intraluminal Impedance Testing

Impedance is the effective resistance of an electrical circuit. Intraluminal esopha-
geal impedance testing measures the changes in resistance over time due to the 
conductance of a substance as it passes through the esophagus [27]. Data is gathered 
via a catheter which has metal electrodes which are positioned at 3, 5, 7, 9, 15, and 
17 cm above the GEJ [27]. Changes in impedance, when measured in a sequential 
fashion, can determine the direction and time of bolus transit without the use of 
radiation. Impedance monitoring can detect both air and liquid as these substances 
change the electrical conductivity along the catheter. The baseline impedance of the 
esophagus is lowered as liquid-containing boluses pass each sensor due to increased 
ion conductivity, whereas air has high impedance due to poor conductivity [27]. A 
decrease in impedance from proximal to distal indicates anterograde bolus transit. 
On the other hand, a change in impedance moving from the distal to proximal 
esophagus indicates retrograde transit of a refluxed material. A potential limitation 
of this technology is that liquid boluses of varying volumes may produce similar 
amounts of changes in impedance within the esophagus; thus, impedance testing 
cannot be used to accurately measure the volume of swallowed boluses with 
currently available software. However, preliminary work has been completed using 
novel, proprietary software, which may allow quantification of bolus transit with 
this technology [28].

Intraluminal impedance testing is almost exclusively completed on a multichan-
nel device which allows for esophageal motility testing to be completed simultane-
ously. As previously described, the catheter is placed transnasally down the 
esophagus into the stomach. Patients are then asked to complete 10 liquid or 10 
viscous swallows with each swallow separated by 30 s. The impedance at each elec-
trode is then measured and recorded to show the path and extent of bolus transit. 
Viscous solutions are important to include in the impedance evaluation as studies 
have shown that patients being evaluated for nonobstructive dysphagia with normal 
liquid manometry could actually have a motility disorder as seen by abnormal bolus 
transit on viscous impedance testing [29–31]. Esophageal transit is deemed 
abnormal if more than 30% of liquid or 40% of viscous swallows show incomplete 
bolus transit [28, 32].
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Esophageal emptying, as measured by intraluminal impedance monitoring, has 
been validated against videofluoroscopy with a 97% concordance rate among 
healthy individuals [5, 33]. The esophageal impedance integral (EII) and bolus flow 
time (BFT) are additional metrics being evaluated as surrogates for esophageal 
emptying [28, 34].

Impedance technology has also been applied to the study of gastroesophageal 
reflux disease as a way to recognize and identify weakly acidic (pH 4–7) and non-
acid (pH >7) reflux, which also may contribute to GERD symptoms [35–38] (see 
combined pH/impedance monitoring).

 Esophageal Scintigraphy

Esophageal scintigraphy was initially developed in 1972 and is designed to evaluate 
esophageal bolus transit in the workup of GERD and nonspecific motility disorders 
by providing quantitative data on transit through the entire esophagus or in separate 
regions. In addition, when the scanning area is widened to include the lungs, 
scintigraphy can help detect episodes of aspiration [39, 40]. Radionucleotide 
esophageal testing is noninvasive, has a low radiation burden, and is generally well 
tolerated by patients. After a period of fasting, patients in the upright or supine 
position are asked to swallow a 10–15  cc bolus, liquid, or in some cases solid, 
labeled with Tc-99  m sulfur colloid [41]. The volume of radioactive isotopes is 
detected by a gamma camera. Data are recorded every 0.1–0.15 s and generate time 
activity curves showing bolus passage time and time to maximal clearance. Normal 
transit time of a liquid bolus is approximately 7 s in the upright position and 10 s in 
the supine position, while normal isotope clearance averages 96 percent in either 
position [42, 43]. Currently, the use of esophageal scintigraphy is limited and may 
serve in a complementary role to barium swallows and manometry [44].

 Physiologic Esophageal Testing

 pH Monitoring

Ambulatory esophageal pH monitoring has allowed for easier, more sensitive, and 
more specific diagnosis of GERD, especially in patients who have failed an empiric 
proton pump inhibitor trial or those with atypical symptoms. The Tuttle test in 1958 
was the first widely used pH test where a probe was inserted into the patient’s 
esophagus and instantly determined the pH to diagnose GERD [45]. As expected, 
this test had low sensitivity and specificity so in 1974, Johnson and DeMeester 
performed 24-h pH testing in hospitalized patients [46]. Their research established 
normal and abnormal standards for esophageal reflux frequency and duration based 
on a composite score with six parameters: percentage of total time pH < 4, percentage 
supine time pH < 4, percentage upright time pH < 4, total number of reflux episodes, 
number of reflux episodes >5 min, and duration of the longest reflux episode.
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Thus with baseline values that could be used for more accurate diagnosis, ambu-
latory pH testing was established in the 1980s [47]. Since then, advancements have 
been made to pH monitoring, and there are now two widely used methods: catheter-
based monitoring and the wireless pH monitor (Bravo™, Medtronic, Minneapolis, 
MN) [48, 49]. For both methods, prior to placement of the pH monitor, patients 
should not eat anything after midnight the night before the test. For those patients 
on proton pump inhibitor or H2 blocker therapy, medications should be stopped for 
7 and 3 days, respectively, prior to the test. In catheter-based pH monitoring, the 
antimony catheter is advanced through the nasopharynx into the esophagus, which 
can be facilitated by the patient drinking sips of water. The probe is advanced until 
the pH reads less than 4, indicating entry into the stomach, and then is pulled back 
so that it rests 5 cm above the LES. The gold standard for pH probe placement is 
coordinating with esophageal manometry to locate the LES and then pulling the pH 
catheter back by 5 cm. Some esophageal catheter probes also have proximal sensors 
to detect acid reflux that may contribute to laryngeal or upper airway irritation. 
Additionally, an oropharyngeal catheter-based pH probe, Restech (Respiratory 
Technology Corporation, Houston, TX), is placed in the posterior oropharynx and 
measures pH of liquid or aerosolized droplets [50]. During the 24-h monitoring 
period, patients should perform their normal daily activities while keeping a journal 
indicating the start and end times of meals, any supine positioning, as well as the 
onset of any symptoms thought to be reflux related. Another technique, wireless pH 
monitoring, uses the Bravo™ capsule which contains an antimony pH electrode and 
measures pH at 6-s intervals [48]. As compared to the catheter approach, wireless 
pH testing is better tolerated by patients and allows for longer testing (up to 96 h) to 
capture the day-to-day variance in reflux symptoms [48, 51, 52]. The capsule is 
placed endoscopically 6 cm above the squamocolumnar junction with attachment to 
the esophageal wall using a special vacuum pump and then communicates by radio 
transmitter with an external data logger worn by the patient [48]. Typically, the 
capsule will fall off by itself within 5 days, though the capsule can detach early from 
esophageal mucosa and enter the stomach, thus recording the acidic gastric contents 
resulting in a false-positive study.

During the typical 24- to 48-h pH monitoring period, statistical metrics are often 
used to quantify the association between a patient’s symptoms and reflux using 
three indices: symptom association probability (SAP), symptom index (SI), and 
symptom sensitivity index (SSI) (Table 4.2) [53–55]. During pH testing, a reflux 
episode is defined as a drop in pH below 4 that lasts for at least 10 s. The SI is the 
percentage of reflux-associated symptom episodes [54]. It is calculated by dividing 
the number of reflux-related symptom episodes by the total number of symptom 
episodes  ×  100 and is considered positive if >50% [54]. This index does have 
drawbacks however as it does not factor in the total number of reflux events. The 
SSI is defined as the number of symptom-associated reflux episodes divided by the 
total number of reflux episodes × 100. It is the percentage of symptom-associated 
reflux episodes and is considered positive if >10% [55]. This metric also has 
disadvantages as it does not take the total number of symptom episodes into account. 
The SAP measurement was created to avoid the shortcomings of the SI and SSI by 
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using cross-tabulation statistical analysis of a contingency table consisting of four 
possible combinations of reflux and symptoms (reflux being present or absent and 
symptoms being present or absent) compiled from the 24-hr data divided into con-
secutive 2-min segments [53]. The Fisher’s exact test is then used to calculate the 
probability that the observed distribution of results could have been the result of 
chance alone or is statistically significant. A result ≥95% is considered statistically 
significant association, though it cannot definitively imply causality [56]. The SI, 
SSI, and SAP are typically used in a complementary fashion as direct comparisons 
may lead to inaccurate conclusions (Table 4.2).

Ambulatory pH monitoring establishes a temporal correlation between symp-
toms and episodes of reflux, which may be helpful in cases of atypical symptoms of 
GERD such as cough. Moreover, pH monitoring can stratify patients on the basis of 
its severity. More severe GERD, which places patients at higher risk for Barrett’s 
metaplasia or other complications, can be seen during pH testing as more acid reflux 
in the distal and proximal esophagus and slower acid clearance.

 Combined pH and Impedance Monitoring

By combining multichannel intraluminal impedance (MII) monitoring with ambu-
latory pH monitoring, clinicians can characterize the physical properties of the 
reflux material. MII-pH monitoring can not only determine whether the reflux is 
acidic (pH <4), weakly acidic (pH 4–7), or non-acid (pH >7), it can also differenti-
ate between gas, liquid, and mixed (liquid-gas) reflux based on impedance values. 
Additionally, since impedance testing measures reflux independent of pH, a bolus 
exposure time (BET) is measured which is akin to acid exposure time in pH testing, 
but it also includes weakly or non-acid reflux [57]. Impedance monitoring also 

Table 4.2 Symptom indices for GERD using pH monitoring

Keyword Definition Application
Symptom 
index (SI)

The percentage of reflux-associated symptom 
episodes
  Calculation: (# reflux-related symptom 

episodes)/(# symptom episodes) × 100

Positive if >50%
Does not factor in total # 
of reflux events

Symptom 
sensitivity 
index (SSI)

The percentage of symptom-associated reflux 
episodes
  Calculation: (# symptom-associated reflux 

episodes)/(# reflux episodes)×100

Positive if >10%
Does not factor in total # 
of symptom episodes

Symptom 
association 
probability 
(SAP)

The cross-tabulation statistical analysis using the 
Fisher’s exact test of a contingency table 
consisting of 4 possible combinations of reflux 
and symptoms (reflux being present or absent and 
symptoms being present or absent) compiled from 
the 24-h data divided into consecutive 2-min 
segments

Created to avoid the 
shortcomings of the SI 
and SSI
  Result ≥95% is 

considered statistically 
significant association, 
though it cannot 
definitively imply 
causality
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determines the proximal extent of reflux as there are two impedance channels posi-
tioned at 15 and 17 cm above the lower esophageal sphincter. This provides insight 
into the extent of reflux and may have implications in the management of extrae-
sophageal reflux symptoms. In addition to gastroesophageal reflux disease, MII-pH 
also has implications in the diagnosis and treatment of other foregut disorders 
including rumination, aerophagia, supragastric belching, esophageal hypersensitiv-
ity, and functional heartburn.

The ability to detect reflux independent of pH helps identify patients with 
continued symptoms despite PPI therapy. In patients on PPI therapy, the key 
measurement is the number of acid and non-acid reflux episodes and their rela-
tionship with the symptoms using the SI, SSI, or SAP. When patients with per-
sistent symptoms while on acid-suppressive therapy show a positive symptom 
association between symptoms and reflux, this modality can help the clinician 
determine if the refractory symptoms are due to uncontrolled acid exposure, 
ongoing weakly acidic reflux which may denote a hypersensitive esophagus, or 
if the symptoms are functional in nature. Fundoplication may have a role in the 
treatment of patients with ongoing reflux and large-volume regurgitation which 
has been determined to be of weakly or non-acidic in origin as determined by 
MII-pH testing [56].

 Gastric Function and Physiologic Testing

 Gastric Emptying

Gastric emptying is frequently assessed in patients with unexplained nausea and/or 
vomiting, refractory gastroesophageal reflux disease, suspected chronic intestinal 
pseudo-obstruction, or suspected dumping or stasis syndrome following gastric 
surgery. Prior to assessing for abnormal gastric emptying, a mechanical obstruction 
should be excluded with upper endoscopy and/or barium swallow or CT/MRI 
enterography [58]. In addition, gastric emptying tests can be useful to evaluate 
response to treatment.

Gastric Scintigraphy Gastric scintigraphy is the most commonly utilized and 
cost-effective test to evaluate for delayed or rapid gastric emptying. Given the 
standardization and ease of quantifying gastric retention, scintigraphy has become 
the gold standard for measuring gastric emptying [58, 59]. A standard test meal is 
labeled with radioactive isotope, specifically 99mTc for solids and 111 indium for 
liquids. Ideally, the test meal is standard solid food, usually a low-fat egg-white 
meal, since liquids will often empty normally from the stomach when solids are 
abnormally retained and also the fat content of the meal will impact the rate of 
emptying [60, 61]. Medications that affect gastric emptying should be stopped at 
least 48 h prior to the test, premenopausal women should have the test done within 
the first 10 days of their menstrual cycle, and patients with diabetes should have 
blood glucose checked and hyperglycemia (fasting glucose >275 mg/dL) treated 
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before the test meal is consumed [58]. After an overnight fasting, the patient 
ingests the meal within 10 min, and preferably while patient is standing, scans are 
obtained immediately (t = 0) and then 1, 2, and 4 h afterward so that the percent-
age of gastric emptying can be measured. Anterior and posterior images are 
obtained to help adjust for depth attenuation as solid food migrates from the pos-
terior fundus to the more anterior gastric antrum and to help distinguish isolated 
fundal or antral dysmotility. The radioactive counts, expressed as a percent of 
maximal gastric counts at the beginning of the study, are directly proportional to 
the volume and amount of solid or liquid remaining in the stomach [62]. Sensitivity 
for delayed gastric emptying increases over a 4-h evaluation, and thus this time 
duration is typically preferred over a 2-h evaluation. Delayed gastric emptying 
using the standard low-fat egg meal is defined as greater than 10% retention of 
gastric contents at 4 h and/or > 60% at 2 h. Rapid gastric emptying is present 
when less than 35% or the meal is retained at 1 h [63]. Scintigraphy images may 
sometimes reveal gastroesophageal reflux. Throughout the evaluation process, it 
is important to realize that the severity of symptoms does not always correlate 
with the rate of gastric emptying.

Smart Pill Though scintigraphy is widely used for evaluating gastric emptying, 
another approach in the ambulatory setting is with the wireless motility capsule, 
known as the SmartPill™(Medtronic, Minneapolis, MN), which was FDA approved 
in 2006 for evaluation of gastroparesis. In addition to documenting the time required 
for the capsule to traverse the gastrointestinal tract via gut peristalsis, the SmartPill™ 
can simultaneously gather information on phasic pressure amplitudes, temperature, 
and pH [64]. After an overnight fast, the 26.8 × 11.7 mm SmartPill™ capsule is 
ingested in conjunction with a standard nutrient bar or meal, and the patient then 
must fast for the following 6 h to allow for accurate measurement. The SmartPill™ 
can continue to record data for the transit of the entire GI tract over the next 3–5 days 
in intervals of 20 s during the first 24 h and every 40 s thereafter. During this time, 
patients record mealtimes, sleep, and bowel movements, all while avoiding strenuous 
exercise. Gastric emptying time (GET) is defined as the time of the capsule’s 
ingestion to its departure from the stomach [65]. An abrupt change in pH (pH >4 
or ≥ 2 pH units from baseline) signifies the transition from the acidic stomach to the 
alkaline duodenum to calculate the GET. The SmartPill™ capsule will empty from 
the stomach with the return of phase 3 of the migrating motor complex, which 
occurs upon complete emptying of solid food from the stomach [64]. A GET of 5 h 
or less is defined as normal; a GET greater than 5 h is determined delayed gastric 
emptying [65]. When comparing the GET simultaneously in healthy and 
symptomatic patients using scintigraphy and the wireless motility capsule, a strong 
correlation (>0.7) at 4 h exists between the two tests, suggesting that the capsule 
method can be a useful determination of clinically significant delayed gastric 
emptying [66, 67].
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 Gastroduodenal Manometry
Gastroduodenal manometry, a similar technology to esophageal manometry, can be 
used to assess the coordination and amplitude of contractions spanning the transition 
from the gastric antrum to the duodenum. Although this technology is primarily 
limited to quaternary referral centers and research institutions, gastroduodenal 
manometry may be used to clarify conditions such as intestinal pseudo-obstruction, 
partial mechanical obstruction, rumination, gastroparesis, and pylorospasm [68–
72]. When dysmotility is suspected, gastroduodenal manometry can help 
differentiate between myopathic and neuropathic etiologies as myopathic conditions 
will lead to low-amplitude contractions, while neuropathic disorders will be 
typically associated with normal to increased amplitude but an unorganized 
contractile response [71]. From a surgical perspective, gastroduodenal manometry 
may have the most utility in excluding dysmotility as a contributor to a patient’s 
symptoms and thus can have a major impact on the physician’s choice of medical or 
surgical intervention for patients.

To perform the procedure, patients should fast at least 8 h prior to having one of 
two different types of motility catheters – water-perfused or solid-state – placed 
either by endoscopic or nasoenteric placement via fluoroscopic guidance. 
Antroduodenal motility is recorded in the fasting state for 3 h to assess the 3 phases 
of the migrating motor complexes. Then, the patient is stimulated, either 
pharmacologically with erythromycin or octreotide or by meal ingestion, and the 
postprandial amplitude and frequency of contractions are recorded for an additional 
hour [3, 73]. Solid-state catheters are typically used because of increased sensitivity 
due to rapid response to pressure events; in addition, they can now measure 
contractility patterns over a 24-h ambulatory period. However, it is important to 
note that these ambulatory results can be affected by motion artifact and vomiting 
since they can mimic abnormal duodenal contraction patterns or cause the catheter 
to migrate from its original position [3, 74].

 Anatomical Tests

 Upper Gastrointestinal Examination

The most common indications for an upper GI include epigastric pain, symptoms of 
gastroesophageal reflux, anemia, and suspected hiatal hernia. A technique combining 
double- and single-contrast portions is most commonly used. A single-contrast 
upper GI study may be used in postoperative settings, immobile patients, in patients 
with food or fluid in the stomach, or gastric distention (gastric outlet obstruction). 
The patient should be NPO for 4–6 h before the exam.

The exam begins with the patient in the upright left posterior oblique position. 
The patient drinks a sodium bicarbonate effervescent agent dissolved in 10 cc of 
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water followed by 2 ounces of “thick” barium. Three air-distended views of the 
esophagus are obtained, and then the patient is quickly put in the horizontal posi-
tion prior to barium entering the duodenum. The patient is rolled to ensure coating 
of the stomach, and double-contrast images are obtained of the stomach and duo-
denum. After the double-contrast portion of the exam is over, the patient is then 
evaluated using single-contrast technique. Esophageal motility is assessed with 
the patient drinking “thin” barium in the horizontal right anterior oblique position, 
but videos are generally not recorded in upper GI exams (as they are in barium 
swallows). Next, single-contrast images of the stomach and duodenum are 
obtained using paddle compression of the gastric antrum and duodenum. Final 
spot images are obtained including the stomach, duodenum, and proximal jeju-
num. Gastroesophageal reflux may then be assessed using provocative maneuvers 
as previously described.

The gastric cardia is characterized by a stellate fold pattern radiating to the 
gastroesophageal junction, also known as the cardiac “rosette” [75]. The gastric 
fundus is defined as the portion of the stomach cranial to the gastric cardia. The 
gastric body is the portion of the stomach between the gastric cardia and the bend 
in the mid-lesser curvatures known as the incisura angularis. The gastric antrum 
is the portion of the stomach extending distal to the incisura angularis to the pylo-
rus (Fig. 4.5) [76]. The rugal folds are most prominent in the gastric fundus and 
body and are straighter along the lesser curvature and more undulating on the 
greater curvature. The mucosal surface of the stomach consists of areae gastricae, 
which are flat polygonal-shaped tufts of mucosa separated by narrow grooves. 
Enlarged areae gastricae have been reported in the setting of Helicobacter pylori 
gastritis and small or absent areae gastricae have been seen in patients with atro-
phic gastritis or pernicious anemia [76]. Other pathology seen within the stomach 
includes rugal fold thickening, erosions, ulcers, polyps, masses, diverticula, or 
gastric narrowing.

While the esophagus is evaluated in an upper GI exam, images of the pharynx 
and entire esophagus are not taken with every upper GI exam. Barium swallows are 
better for the evaluation of dysphagia, gastroesophageal reflux, and esophageal 
motility, and upper GI exams are better for the evaluation of epigastric pain. Hiatal 
hernias can be assessed with either exam.

 Endoscopy

The advent of fiber-optic endoscopy in the 1950s by Basil Hirschowitz paved the 
way for focused intraluminal evaluation of the foregut. The esophagogastroduode-
noscopy (EGD) is now one of the most commonly performed procedures during the 
workup and treatment of foregut disorders. Endoscopy is typically performed under 
moderate sedation or can be performed with deep sedation or general anesthesia 
with appropriate anesthesia support and personnel.

From an anatomic standpoint, an EGD allows for complete intraluminal visual-
ization of the esophagus, stomach, and proximal duodenum. In the esophagus, the 
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presence of complicated gastroesophageal reflux disease can be identified in the 
form of erosive esophagitis, Barrett’s esophagus or stricture. Esophageal tumors, 
both intraluminal or submucosal, are readily evident on white light endoscopy. The 
appearance of the GEJ, noted as the transition point between the tubular esophagus 
and proximal extent of the gastric folds and its relationship to the diaphragmatic 
hiatus/pinch are easily identifiable (Fig. 4.6). This relationship defines the presence 
or absence of a hiatal hernia, and retroflexed views of the GEJ/hiatus from within 
the stomach can help characterize this relationship even further. Classification 
schemes, including the Hill classification (flap valve), are used to standardize the 

Fig. 4.5 Double-contrast 
image of the stomach and 
duodenum. The incisor 
angularis (white arrow) is a 
bend in the stomach 
between the lesser curve 
and antrum (white star). 
The pylorus is designated 
by the black arrow and the 
duodenal bulb by the black 
star. The normal duodenum 
has a “C shape” and then 
extends superiorly to the 
ligament of Treitz

Fig. 4.6 Endoscopic view 
of the gastroesophageal 
junction. The white 
squamous mucosa of the 
esophagus extends 
completely to the top of 
the gastric folds. The GEJ 
narrows at this level 
signifying external 
compression from the 
diaphragm
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reporting of the diaphragmatic hiatus on retroflexed views, and the different grades 
(Hill/flap valve I–IV) have been shown to directly correlate with the presence and 
amount of reflux (Fig. 4.7) [77]. Standardized descriptions of the hiatus should be 
routinely used in endoscopy reports as they can help with operative planning. 
Endoscopy is also useful in the diagnosis of achalasia or pseudoachalasia as the 
muscular LES, if not relaxing appropriately, can be felt as the endoscope is passed 
through the GEJ. Additionally, advanced imaging techniques, such as narrowband 
imaging (NBI), can be used to better clarify mucosal conditions such as Barrett’s 
esophagus by providing visual contrast during routine endoscopy.

In the stomach, inspection is performed of the body, antrum, incisura, and pylo-
rus, and retroflexed views are utilized for the fundus, cardia, and hiatus. With a typi-
cal adult gastroscope, the duodenal bulb and the second/third portions of the 
duodenum are accessible for inspection, and mucosal sampling is easily performed 
through the working channel of the endoscope in any location if indicated.

Although endoscopy is not the test of choice for the characterization of upper 
gastrointestinal motility, it can provide useful information. In the absence of a 
mechanical obstruction, a dilated esophagus may suggest achalasia, and stasis 
changes in the form of esophagitis, or retained food/liquid may also suggest hypo-
motility. Tertiary esophageal contractions may also be visualized in spastic motility 
disorders. In the stomach, antral contractility is visible, and gross motor dysfunction 
may be suggested by the presence of retained food/liquid or in the form of a gastric 
bezoar. Pylorospasm may also be suggested on endoscopy, although gastroduodenal 
manometry is more specific.

Fig. 4.7 Endoscopic view 
of an open diaphragmatic 
hiatus as seen from the 
retroflexed position. The 
gastric folds extend 
cephalad through the hiatus 
which defines the presence 
of a hiatal hernia. A 
muscular ridge is not 
present. (Hill grade IV flap 
valve)
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 Endoscopic Ultrasound

Endoscopic ultrasound (EUS) provides an additional diagnostic dimension to the 
standard fiber-optic endoscopic evaluation. Performed with an echoendoscope, 
EUS is indicated in the staging of malignancy for lung, esophageal, GEJ, and gastric 
malignancies and provides access to structures both within and beyond the luminal 
wall of the gastrointestinal tract. Submucosal lesions in the esophagus, stomach, 
and the proximal small bowel can be defined by which layer they originate, and 
sampling can be performed with fine needle aspiration (FNA). Mediastinal and hilar 
structures are readily accessible with EUS via the esophagus. When EUS is per-
formed in the stomach and small intestine, the liver, kidneys, adrenal glands, pan-
creas, biliary tree, and gall bladder as well as adjacent structures (vasculature, 
lymph nodes, and nerve plexuses) can be characterized based on sonographic fea-
tures and fine needle aspiration. Although not routinely used in achalasia, EUS can 
provide additional information regarding the thickness of the inner circular muscles 
at the level of the LES [78]. In patients with manometrically defined EGJ outflow 
obstruction, EUS can evaluate for pseudoachalasia or external compression from 
adjacent structures which may mimic achalasia, although this is infrequently 
encountered [79].

 Emerging Technologies: Functional Luminal Imaging Probe (FLIP)

The functional luminal imaging probe (FLIP) is an FDA-approved device 
(EndoFLIP, Crospon, Galway, Ireland) which can simultaneously obtain pres-
sure and luminal diameter measurements within the gastrointestinal tract 
(Fig. 4.8). It is gaining clinical trial data primarily in disorders of the esopha-
gogastric junction, such as achalasia. Applications in the evaluation of esoph-
ageal dysmotility and eosinophilic esophagitis are also emerging [80–83]. 
Commercially available since 2009, the FLIP catheter is positioned across the 
EGJ, and utilizes high-resolution impedance planimetry sensors housed within 
a volume-controlled distensible balloon which allows cross-sectional area to be 
measured. A solid-state pressure transducer is also housed within the apparatus 
which allows for simultaneous pressure measurements as well as distensibil-
ity of the lumen and most notably, the EG junction. Software analysis allows 
for determination of a distensibility index (DI) which provides complementary 
diagnostic value preoperatively to high-resolution esophageal manometry, and 
may have predictive value both intraoperatively and postoperatively as a mea-
sure of the effectiveness of myotomy [84–87].
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5The History of Hiatal Hernia 
and Antireflux Surgery

Thadeus L. Trus

The history of diaphragmatic hernias dates back as far as the sixteenth century. 
Interestingly, hiatal hernia was thought to be clinically irrelevant. The link between 
hiatal hernia and gastroesophageal reflux did not warrant any attention until the 
mid-twentieth century. This understanding seemed to be biphasic; the first being in 
the 1950s and the second in the era of laparoscopic surgery where visualization of 
the hiatus was unprecedented. The revitalization of laparoscopic fundoplication 
spurred a resurgence of interest and research in the pathophysiology of reflux 
disease. This chapter will outline the evolution of hiatal hernia and antireflux surgery 
from thoracic to abdominal to laparoscopic and endoscopic approaches.

There are numerous descriptions of diaphragmatic defects, both congenital and 
posttraumatic. The earliest reports date back to 1579 (Ambroise Pare). Perhaps the 
most well known of these congenital defects still carry the names of those who first 
described them in the eighteenth and nineteenth centuries. Anterior diaphragmatic, 
Morgagni, hernia was first described by Giovanni Battista Morgagni in 1761. 
Posterior diaphragmatic, Bochdalek, hernia was first described by Vincent Alexander 
Bochdalek in 1848. It is possible that little attention was paid to hiatal hernias due 
to the autopsy practice at the time where the esophagus was sectioned en bloc with 
the thoracic organs above the diaphragm [1].

There were several references to herniation through natural apertures in the dia-
phragm, but they were sporadic and still thought to be posttraumatic or variants of 
malformations. It was not until 1853 that Henry Ingersoll Bowditch published a 
comprehensive review of all published cases of diaphragmatic hernia from 1610 to 
1846 [2]. Within this series were three cases which intrigued Bowditch and, by 
descriptions, were most likely true paraesophageal hernias (type II hiatal hernia). 
The advent of radiography in the late 1800s allowed the study of swallowing, and in 
1904, H.  Eppinger successfully radiographically confirmed a hiatal hernia in a 
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patient he suspected had hiatal herniation based on auscultation [3]. Eppinger’s 
review of the literature in 1911 in which he described 11 herniations through the 
esophageal hiatus out of 635 cases is frequently cited as the first published 
description of hiatal hernias in a series [4]. Akerlund introduced the term “hiatus 
hernia” in 1926 and quite eloquently described an early classification of the types of 
hiatal hernia as well as associated symptoms of heartburn and dysphagia [5].

The association of gastroesophageal reflux and esophagitis was described in the early 
1800s. Several published reports throughout the 1800s speculated the cause of esopha-
gitis to be reflux of gastric contents [6–8]. The association was controversial since many, 
including Friedrich Albert Zenker, thought gastric reflux into the esophagus was clini-
cally irrelevant [9]. The early twentieth century saw a growth of publications describing 
both symptoms and clinical findings of reflux esophagitis [10–12]. In 1935, peptic 
esophagitis was introduced as a new clinical entity in the literature [13].

Early reports of surgery for hiatal hernia focused on closure of the hiatus and 
restoration of the stomach below the diaphragm with little focus on the lower 
esophageal sphincter. In fact, the symptoms were felt to be secondary to the presence 
of the hernia [14]. The phrenic nerve was even divided to facilitate difficult clo-
sures! [15]. It was not until the 1950s that the hiatal hernia was implicated as a 
contributor to the development of reflux by altered hiatal anatomy.

Two earlier pioneers of antireflux surgery focused on the correction of two dif-
ferent anatomic aspects of the hiatal region. Philip Allison postulated that hiatal 
hernias resulted in the loss of the crural pinch of the lower esophagus which in turn 
led to symptoms of heartburn and indigestion [16]. He emphasized the reduction of 
the herniated stomach, fixation of the phrenoesophageal ligaments to the diaphragm, 
and closure of the crura. Norman Barrett felt the key to repair rested with the 
restoration of the cardioesophageal or “esophagogastric” angle which would 
augment the function of an antireflux flapper valve at the gastroesophageal junction 
[17]. The early work of these two individuals led to the development of a variety of 
gastropexy operations most of which were abandoned due to high recurrence rates.

Ronald Belsey embarked on a long journey of endoscopic observation and surgical 
trials to perfect his antireflux operation. Through endoscopic observations starting in 
the 1940s, Belsey concluded that the key to success was reduction of the cardia below 
the diaphragm and adequate esophageal length (hence the thoracic approach) to main-
tain a proper cardioesophageal angle below the diaphragm without tension. He 
evolved his procedure from a Belsey Mark I, very similar to Allison’s initial proce-
dure, to a Belsey Mark IV. His meticulous study and follow-up led to a publication 
with Skinner in 1967 of long-term follow-up of over 1000 patients with 85% success-
ful reflux control. Their paper remains a hallmark publication in reflux surgery [18].

This same year, Lucius Hill published his experience with a procedure he devel-
oped after extensive study of manometry, pH, and anatomy of the gastroesophageal 
junction [19]. Hill’s repair focused on restoration of the angle of His by anchoring the 
phrenoesophageal bundles to the median arcuate ligament. The Hill repair is essen-
tially the only gastropexy procedure that has withstood the test of time. Hill’s other 
contributions to antireflux surgery include the use of intraoperative manometry and a 
grading system of the antireflux “flap valve” that is still used to this day [20].
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Arguably the most well-known name associated with antireflux surgery is 
Rudolph Nissen. Nissen, like many of his contemporaries in the mid-1940s, 
approached problematic diaphragmatic hernia repair through a transthoracic 
approach. In 1946 the famous American radiologist, Gustav Bucky, developed an 
incarcerated paraesophageal hernia. Due to Bucky’s frail health, Nissen approached 
the repair transabdominally thus avoiding the riskier thoracotomy. He managed to 
safely reduce the hernia and fix the stomach to the anterior abdominal wall. The 
patient recovered and remained symptom free for over 15 years. This transabdominal 
“gastropexy” became a common procedure for hiatal hernias [21]. Longer follow-up 
of these patients however showed a high recurrence rate.

In the mid-1930s, Nissen encountered a patient with a distal esophageal ulcer 
penetrating into the pericardium. He resected the distal esophagus and cardia and 
anastomosed the esophagus to the proximal gastric body. To protect the anastomosis, 
Nissen wrapped the anastomosed area with the body of the stomach using a Witzel 
technique [22] (Fig. 5.1). He later learned that the patient remained well and free 
from reflux 15 years after the original procedure. Faced with the frustrating recur-
rence rate of gastropexy, Nissen combined the two procedures in 1955 on a patient 

Fig. 5.1 Nissen [22]
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with severe reflux disease and no hiatal hernia. He essentially performed a division 
of the phrenoesophageal ligament, mobilized the fundus behind the esophagus, and 
plicated the fundus to itself around the esophagus using 4 or 5 sutures for a length 
of 6 cm. After duplicating the excellent result in a second patient, he published his 
experience with “gastroplication” [23] (Fig. 5.2).

Nissen fundoplication quickly became the standard operation for gastroesophageal 
reflux. Dramatic improvements in lower esophageal sphincter competence were 
achieved by utilizing the anterior wall of the fundus to create the fundoplication. This 
development was achieved after extensive study by Mario Rossetti, Nissen’s well-
known understudy and collaborator [24]. Other investigators suggested partial fundo-
plication to avoid problematic dysphagia, specifically Dor (anterior partial 
fundoplication) and Toupet (posterior fundoplication) [25, 26]. Demeester and 
Johnson populated the literature with extensive pH and manometry evaluations of 
various iterations of fundoplication and concluded that a short, loose fundoplication 
provides the ultimate reflux control [27, 28]. Despite this body of data, many surgeons 
continued to create fundoplications which were too long and too tight causing the 
procedure to decline in popularity due to higher-than-expected complication rates.

The development of laparoscopic surgery rekindled the popularity of Nissen’s 
fundoplication. The first description of laparoscopic fundoplication was by Bernard 
Dallemagne in 1991 [29]. North American laparoscopic pioneers quickly adopted 
this procedure, studied it extensively, and advocated again for short, loose floppy 
fundoplication as the key to successful, durable antireflux control with low compli-
cation rates. Hunter, Swanstrom, Demeester, and others were instrumental in per-
fecting safe reliable fundoplications.

Although the availability of proton pump inhibitors has led to fewer fundopli-
cations, the interest in antireflux surgery remains strong. Endoscopic therapies 
have been numerous, but most have come and gone either due to ineffectiveness, 
poor reimbursement, or unacceptable complications. Few still exist but are not as 
popular as surgery. New procedures have also emerged such as magnetic sphincter 

Fig. 5.2 Nissen [23]
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augmentation which show great promise in the early stages. The early forges of 
antireflux surgery have set the example of meticulous study and attention to detail 
to improve the procedures. Hopefully future antireflux technology investigators will 
follow the practice of these pioneers.
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6Evaluation of GERD: Symptoms 
and Disease Classification

Amber Shada

Gastroesophageal reflux, or retrograde movement of gastric contents across the 
lower esophageal sphincter (LES), is relatively common, seen in almost two-thirds 
of adults in the United States [4]. It is physiologically normal and in fact occurs 
several times each day in normal healthy individuals. Whenever the pressure gradi-
ent between stomach and esophagus is high enough to overcome the LES pressure, 
retrograde movement of gastric contents will occur. Typically this occurs in the 
form of a transient lower esophageal sphincter relaxation (TLESR) [2]. This is 
caused by shortening of the LES during gastric distension, as commonly happens 
after meals [12]. In most individuals, TLESRs are often brief and asymptomatic. In 
some cases, TLESRs can be more frequent, longer lasting, or more acidic, allowing 
excessive exposure of the esophageal mucosa to gastric acid [8]. Over time, this can 
lead to failure of the LES and symptomatic gastroesophageal reflux. The esophagus, 
upon receipt of acidic refluxate, will attempt to clear contents back toward the 
stomach with peristaltic activity. However, the effectiveness of this is variable 
depending upon underlying esophageal function. Gastroesophageal reflux disease, 
over time, can cause ineffective motility of the esophagus, in turn worsening the 
effect of reflux on the esophageal mucosa.

The typical symptoms of gastroesophageal reflux are heartburn and regurgi-
tation. Heartburn is defined as a burning sensation in the retrosternal area [11]. 
Heartburn is caused when acids enter the squamous epithelium of the distal esopha-
gus and stimulate nerve endings, producing a sensation of pain. In comparison, the 
columnar epithelium of the stomach is impervious to damage by acid. Regurgitation 
is defined as the perception of flow of refluxed gastric content (including acid) into 
the mouth or hypopharynx [11]. This results from either TLESRs or permanent 
damage to the lower esophageal sphincter causing complete failure of the LES to 
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close. Regurgitation can be severe, with full column regurgitation of acidic gastric 
content and/or food.

Reflux can be seen in the presence of a normal LES that has transient lower 
esophageal sphincter relaxations. If an increased number of episodes occur, TLESRs 
can lead to microscopic changes to the LES. This can lead to destruction of the LES 
and worsening reflux or GERD.

There are also a number of atypical reflux symptoms. These are often accompa-
nied by typical symptoms of GERD but are sometimes isolated. These include pul-
monary symptoms such as chronic sore throat, cough, hoarseness, and asthma [3]. 
Dysphagia can also be an atypical symptom of GERD but does need further workup 
because dysphagia suggests possible underlying esophageal motility disorder or 
cancer. Dental erosions have been found to be associated with GERD as well [7]. 
Many patients with atypical GERD present initially to otolaryngologists, dentists, 
and allergists and may not see a surgeon until their symptoms become quite severe. 
It is important to keep GERD in the differential for patients that present with these 
atypical symptoms.

Despite this, it is important to realize that GERD is not a typical sole cause of 
these diseases but rather is often found to exacerbate them [11]. Patients can have a 
constellation of typical and atypical reflux symptoms, with no appreciable 
esophageal damage present. Gastroesophageal reflux disease (GERD) is the term 
used for reflux symptoms causing esophageal damage [11]. GERD can also be used 
to classify symptoms severe enough to impact quality of life.

 Disease Classification

There are two types of epithelium in the upper digestive tract: squamous epithelium 
of the esophagus and columnar or oxyntic epithelium of the stomach. The latter is 
not damaged by acidic gastric contents. The squamous epithelium of the esophagus 
is damaged when exposed to pathologically high levels of acid.

This damage can manifest in a variety of ways. One result of chronic acid expo-
sure is esophagitis. Esophagitis can be diagnosed with EGD and biopsy, although 
the characteristic findings of esophagitis (widened intracellular spaces, basal cell 
hyperplasia, intraepithelial eosinophils) are not specific to reflux esophagitis. 
Furthermore, the absence of these histologic changes does not rule out the presence 
of GERD.  Thus, the diagnosis of GERD must be made in concert with clinical 
symptoms.

Esophagitis is classified as either erosive esophagitis or nonerosive esophagitis. 
Erosive esophagitis causes significant full-thickness mucosal damage of the 
esophagus, which can lead to ulcer formation. Ulcerations are visible on EGD, and 
the Los Angeles classification system is useful to determine the severity of 
esophagitis. The healing of these ulcers can in turn lead to stricture formation in the 
distal esophagus.

Erosive esophagitis is the most common macroscopic abnormality seen during 
EGD in patients with GERD.  Despite that, it is still only seen in a minority of 
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patients. On EGD, it is seen as a break in the mucosa. This can be either superficial 
(erosions) or full thickness (ulcerations). When it is full-thickness damage to the 
mucosa, it leads to more complications (strictures and ulcers) and an increased 
likelihood of disease that is refractory to medical management. As these areas 
cyclically break down and heal, strictures often form in the distal esophagus. 
Erosions have been classified by the Los Angeles classification system into grades 
A–D of severity, based upon percentage of circumference affected and size of 
mucosal break [5]. Esophagitis can also be found histopathologically, but the 
specificity of this to diagnose GERD is less reliable.

The majority of patients suffering from GERD have nonerosive esophageal 
reflux disease or NERD. Nonerosive disease is defined as reflux-associated symp-
toms in the absence of mucosal breaks at endoscopy [11]. This is less likely than 
erosive disease to cause long-term structural damage to the esophagus. They also 
typically have fewer complications (strictures, etc.) than patients with erosive reflux 
disease. Patients with NERD can have excellent acid control on proton pump inhibi-
tors (PPI). In fact, PPI use has been successful in moving patients from erosive to 
nonerosive reflux disease in large numbers. Histologically, biopsies of the esophagus 
of patients with NERD will have early signs of damage such as dilated intracellular 
spaces [9, 10]. These are visible early on only using electron microscopy and as 
damage progresses will become visible on light microscopy as well [10].

Another potential result of squamous epithelial cell exposure to acid is columnar 
metaplasia. Columnar metaplasia can occur early in the disease course and can be 
seen in the majority of patients with chronic GERD [1]. Gastric reflux can damage 
the squamous epithelium to the stem cell layer, which is significantly deep to alter 
the proliferation of the squamous epithelial cells, leading to columnar metaplasia [1, 
6]. Columnar metaplasia, or Barrett’s esophagus, begins in the distal-most esophagus 
but can extend proximally as damage continues, leading to visible metaplasia or 
columnar-lined esophagus. This can progress to dysplastic Barrett’s esophagus and 
finally adenocarcinoma of the esophagus [1]. Long-segment Barrett’s esophagus is 
one of the most reliable risk factors for development of esophageal adenocarcinoma 
[11].

A patient with reflux symptoms will often undergo upper endoscopy to evaluate 
the extent of damage from reflux. This will allow designation of erosive versus 
nonerosive disease. Additionally, tissue biopsies of the gastroesophageal junction 
can evaluate for signs of esophagitis as well as columnar metaplasia indicative of 
Barrett’s esophagus.

 Summary

Reflux symptoms are relatively common. Gastroesophageal reflux disease is the 
presence of esophageal damage accompanying reflux symptoms.

GERD can be characterized by erosive and nonerosive esophagitis.
Erosive esophagitis is more likely to lead to stricture, ulcers, and metaplasia in 

the distal esophagus, as a result of full-thickness mucosal injury.
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7Preoperative Workup of GERD

Amy Cha and Victoria M. Gershuni

 Definition of Gastroesophageal Reflux Disease

The Montreal consensus definition of gastroesophageal reflux disease (GERD) is 
a condition that develops when the reflux of stomach contents causes troublesome 
symptoms and/or complications. Manifestations of GERD can be classified as 
esophageal or extraesophageal syndromes, with or without evidence of esopha-
geal mucosal injury. This classification allows symptoms to define the disease but 
permits further characterization if mucosal injury is found on further study. 
Mucosal injury from GERD can progress to the well-recognized complications of 
esophagitis, stricture, intestinal metaplasia or Barrett’s esophagus (BE), and ade-
nocarcinoma [1].

 Anatomy and Physiology of the Gastroesophageal Junction

The anatomical antireflux barrier at the gastroesophageal junction (GEJ) is created 
by the coordinated action of the lower esophageal sphincter (LES), diaphragmatic 
crura, segment of intra-abdominal esophagus, the angle of His, and peristaltic action 
propelling acid forward. At rest, the LES remains tonically contracted (10–
30 mmHg) to create a zone of increased pressure compared to intraluminal gastric 
pressure (5 mmHg). The LES relaxes upon swallowing in advance of the peristaltic 
wave [2]. The crura of the diaphragm respond to changes in intra-abdominal pres-
sure and can amplify LES contraction. Other components of acid clearance include 
saliva, gravity, and esophageal motility. Gastric dysmotility and delayed gastric 
emptying can likewise predispose to GERD. The symptoms and/or mucosal injury 
in GERD are attributed to increased esophageal exposure to gastric acid, often due 
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to changes in the function of the LES. LES deterioration over time leads to decreased 
barrier of the esophagus from acid and bile exposure [2]. The disease includes both 
esophageal and extraesophageal syndromes and can progress from symptoms 
without esophageal injury (nonerosive) to complicated GERD.  Up to 70% of 
patients who present with symptoms of GERD in the primary care setting do not 
have evidence of tissue injury [3].

 Clinical Presentation

The Montreal classification divides GERD manifestations into esophageal and 
extraesophageal syndromes.

The esophageal syndromes include the typical reflux syndrome defined by the 
presence of troublesome heartburn and/or regurgitation. Heartburn and regurgitation 
can sometimes be accompanied by other symptoms such as epigastric pain or sleep 
disturbance due to nighttime heartburn. GERD can also cause episodes of chest pain 
that resemble ischemic cardiac chest pain, which is called reflux chest pain syndrome 
and considered an esophageal syndrome as well. Persistent or progressive dysphagia 
is a symptom of an esophageal syndrome with mucosal injury, as it is a warning 
symptom or alarm symptom for stricture or cancer of the esophagus which warrants 
investigation.

The extraesophageal syndromes include reflux-related cough, laryngitis, asthma 
syndromes, and associations with dental erosion, sinusitis, aspiration, pulmonary 
fibrosis, pharyngitis, hoarseness, globus sensation, or recurrent otitis media. It is 
important to remember that an association of these syndromes and GERD exists, 
but it is rare for extraesophageal syndromes to occur in isolation without concomitant 
manifestations of typical esophageal syndrome. These syndromes are usually mul-
tifactorial with GERD as only one of several potential triggers, and data showing a 
benefit of reflux treatments on these syndromes are weak.

Due to the wide range of presentation in GERD patients, it is important that other 
etiologies such as cardiopulmonary disease, other foregut disease, and motility 
disorders also be ruled out prior to surgical treatment of GERD. Although GERD is 
a common entity, the signs and symptoms are nonspecific. The presentation is 
heterogeneous and dependent on the patient’s perception of symptoms, which can 
overlap the symptoms of other upper gastrointestinal disorders like achalasia, gas-
troparesis, and functional dyspepsia [3].

 Epidemiology

Recent epidemiologic studies have reported the prevalence of GERD with at least 
one episode of heartburn and/or regurgitation weekly to be as high as 30% in 
Western countries, which is up from 20% in 2005 [4]. Evidence suggests disease 
burden may be increasing worldwide, even as the range of geographical areas stud-
ied has expanded considerably. Studies have demonstrated that as many as 7% of 

A. Cha and V. M. Gershuni



103

Americans have daily episodes of heartburn and 42% of Americans suffer from at 
least one episode per month [5]. These data suggest that GERD is likely to remain 
a common reason for physician office visits, both primary and referral, around the 
world.

 Treatment Options

The primary treatment options for GERD include medical therapy with proton 
pump inhibitors and/or H2 receptor antagonists or laparoscopic surgical 
reconstruction by fundoplication. Acid-suppressive therapies may reduce or 
eliminate the symptom of heartburn by increasing the pH of gastric secretions, but 
they do not address the anatomically defective antireflux barrier and esophageal 
exposure to any weakly acidic gastric contents that may continue to reflux in some 
patients. Despite adequate acid suppression, 32% of patients in randomized studies 
and 45% in observational studies were found to have persistent symptoms [5].
However, not all patients who fail to respond to medical therapy have GERD. It is 
important to study these patients to distinguish those with persistent symptoms due 
to GERD vs non-GERD causes. This is emphasized by the finding that nearly 30% 
of patients who present with a chief complaint of GERD do not end up having 
abnormal distal esophageal acid exposure and, thus, would not benefit from an anti-
reflux operation [5].

When surgical treatment is considered, objective esophageal testing is impera-
tive to document the presence of GERD. While symptoms are indicative of GERD, 
they are unreliable in establishing the diagnosis without additional esophageal func-
tion tests. The goal of preoperative testing is to establish the presence of abnormal 
esophageal acid exposure and correlate reflux events with symptoms. Laparoscopic 
fundoplication is highly effective in patients with documented abnormal esophageal 
acid exposure and typical GERD symptoms of heartburn and regurgitation. Proper 
patient selection by objective esophageal testing is critical to achieve excellent 
surgical outcomes.

 Esophageal Testing

Upper endoscopy is important to assess for esophageal mucosal injury as a manifes-
tation of GERD, namely, esophagitis and BE. The Los Angeles (LA) classification 
was introduced into practice to objectively describe the severity of esophagitis. LA 
grade A and mild B esophagitis can have wide inter-observer variability and be 
diagnostically nonspecific, so the Esophageal Diagnostic Advisory Panel recom-
mends these patients require pH testing to document the presence of GERD. Patients 
with LA grade C or D esophagitis do not require pH testing, as long as achalasia and 
pill esophagitis have been excluded. BE is defined as columnar- lined segment of 
esophagus visible on endoscopy in conjunction with pathologic findings of intesti-
nal metaplasia with presence of goblet cells; it represents an advanced form of 
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GERD.  The Prague classification is an objective description for the endoscopic 
appearance of BE, but there is inter-observer variability particularly in short-seg-
ment lesions <1 cm, and only 50% of short-segment BE lesions were confirmed 
histologically. The Esophageal Diagnostic Advisory Panel makes a distinction 
between short-segment BE (<3 cm) requiring pH testing to document the presence 
of GERD before antireflux surgery [5]. Patients with long-segment BE (≥3 cm) do 
not require pH testing prior to antireflux surgery [5]. Endoscopic findings of BE or 
a stricture are the most sensitive indicators of short esophagus that will require 
Collis gastroplasty. Finally, upper endoscopy is useful in eliminating errors in pH 
testing such as misplaced pH probe or capsule, especially important in the diagnosis 
of patients who may have nonerosive reflux disease. This distinct subgroup of 
GERD patients has no mucosal injury on endoscopy but can be further subcatego-
rized with careful pH testing. Patients with abnormal pH test but no mucosal injury 
are commonly encountered, requiring additional testing to document pathological 
GERD. Particular attention should be paid to obtaining thorough surgical history 
and history of other gastrointestinal symptoms in these patients to consider whether 
antireflux surgery may worsen the non-GERD symptoms. Patients with no mucosal 
injury and a normal pH test but with symptoms and reflux events that temporally 
correlate may have acid hypersensitivity. Patients with no mucosal injury with a 
normal pH test and no symptom correlation with reflux events by definition must 
have a non-GERD etiology for their symptoms. These two groups of patients with 
no mucosal injury and negative pH test might not be adequately treated with antire-
flux surgery, and in these patients surgery should be avoided [5].

All patients who are considered for antireflux surgery require barium esophagram. 
A barium esophagram provides the surgeon with useful anatomic and functional infor-
mation. It will reveal the presence and size of hiatal hernia, diverticulum, stricture, 
esophageal length, and even gastroesophageal reflux events with provocative maneu-
vers. It is not, however, a reliable predictor of short esophagus as the endoscopic find-
ings of stricture or BE are [5]. Barium esophagram can further differentiate between a 
type I sliding hiatal hernia and paraesophageal hernias (types II, III, IV). Paraesophageal 
hernias may be associated with increasing GERD symptoms and gastric volvulus may 
result in catastrophic complications. The workup may require barium esophagram, 
upper endoscopy, and manometry because an antireflux procedure is performed as an 
intergral part of the procedure. pH testing is not required in these patients.

Ambulatory pH testing is the gold standard for determining presence of patho-
logical GERD. It is required for all patients being considered for antireflux surgery 
[6] with very few exceptions: type III paraesophageal hernia which must be repaired 
regardless of GERD, long-segment BE (≥3 cm), or LA grade C or D esophagitis if 
achalasia and pill esophagitis have been excluded. The Esophageal Diagnostic 
Advisory Panel consensus was that pH testing off acid suppression at least 7 days 
[6] should be performed in all patients with nonerosive GERD, those with LA grade 
A or mild B esophagitis, and those with short-segment BE (<3 cm). pH testing off 
acid suppression is an important measurement in the management of patients with 
GERD not responding to PPI therapy as well; those who have a normal pH study 
may then stop PPI therapy which is of no benefit to them [6]. pH testing can be 
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performed by transnasal catheter for 24 h or wireless pH capsule for 48 h. An abnor-
mal 24-h pH test in a PPI-dependent patient with typical symptoms predicts suc-
cessful outcomes with antireflux surgery, whereas those with typical symptoms 
without abnormal pH test are less likely to have successful surgical outcomes. 48-h 
pH testing can increase detection accuracy and sensitivity for abnormal esophageal 
acid exposure by as much as 22% [5]. Multichannel intraluminal impedance 
(MII)-pH is a promising tool to detect any type of reflux event regardless of acid or 
nonacid pH, especially in patients refractory to PPI therapy. Additional studies are 
needed to clarify the value of 24-h MII-pH (on acid suppression) in predicting out-
comes of antireflux surgery. The Esophageal Diagnostic Advisory Panel maintains 
that testing off acid suppression should be used to determine if there is pathologic 
GERD [5]. Finally, the symptom index (SI) and symptom association probability 
(SAP) are the symptom association values calculated by the analysis software to 
evaluate the temporal association between clinical symptoms and reflux events. The 
SI is a measure of the strength of the association between symptoms and reflux 
events; ≥50% is considered positive. The SAP determines whether this relationship 
could have occurred by chance; >95% is statistically significant. These calculated 
values have only been validated for acid-related heartburn, regurgitation, and chest 
pain, and not nonacid by MII-pH. The values are also highly dependent on the num-
bers of symptoms noted by patients during the testing period [5].

Manometry should also be performed in all patients being considered for antire-
flux surgery to exclude achalasia or other underlying esophageal motility disorder 
which may have been misdiagnosed as GERD.  Sixty percent of GERD patients 
might have defective LES on manometry, and impaired esophageal motility is asso-
ciated with the severity of esophagitis as well. Now, 32-channel high-resolution 
manometry is easier, faster, and more accurate. Manometry can be used to assess 
peristaltic coordination and contractile force of the esophageal body, which can 
guide the surgeon in choosing the type of antireflux procedure. Patients with fre-
quent failed or weak peristalsis might have less dysphagia with partial fundoplica-
tion, but no controlled data support the practice of tailoring the degree of 
fundoplication to the preoperative esophageal motility. The precise location of the 
LES can be measured for accurate pH capsule or catheter placement. Nevertheless, 
manometry is also not a reliable predictor of the short esophagus as the upper endo-
scopic finding of BE or stricture [5].

Gastric emptying study should be obtained selectively. Delayed gastric emptying 
symptoms include bloating, abdominal distension, and nausea, but these are 
nonspecific and overlap with the symptoms of functional dyspepsia. Even 30% of 
patients with functional dyspepsia will have delayed gastric emptying, and the study 
does not distinguish gastroparesis from functional dyspepsia. Twenty percent of 
patients with GERD have delayed gastric emptying which improves with 
fundoplication, reducing the capacity of the fundus and the radius of the proximal 
stomach, generating a higher intraluminal pressure and promoting the passage of 
food bolus. Persistent delayed gastric emptying can worsen gas bloat after antireflux 
surgery, but 31% of patients were found to have delayed gastric emptying preopera-
tively that did not predict the outcome of fundoplication [5, 7]. Currently there are 
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no established gastric emptying study values that predict the worsening of gas bloat 
postoperatively. It should be obtained selectively in patients with significant nausea, 
vomiting, and bloating or those with retained food on endoscopy [7].

Laryngopharyngeal reflux (LPR) symptoms may be a result of irritation of the 
hypopharynx by acid reflux, but other causative factors include tobacco, alcohol, 
allergies, postnasal drip, and chronic sinusitis to name a few. Empiric PPI therapy is 
usually recommended but demonstrates no therapeutic benefit in recent meta- 
analyses [1]. Outcomes of antireflux surgery performed for LPR symptoms are less 
favorable compared with those achieved in patients with typical GERD symptoms. 
In an attempt to measure LPR events from acid reflux, the oropharyngeal pH cath-
eter and hypopharyngeal MII (HMII)-pH catheter have been introduced and inves-
tigated. There is a lack of data to support the use of oropharyngeal pH or HMII-pH 
testing for improving patient selection for antireflux surgery. For patients with LPR 
symptoms who undergo these tests, a positive pH test documenting pathologic acid 
exposure in the distal esophagus is still required to justify antireflux surgery.

 Indications for Surgery

From a surgical perspective, GERD is a mechanical failure of the lower esophageal 
sphincter (LES), appropriate gastric emptying, and coordinated esophageal 
peristalsis. A single test cannot make the diagnosis alone; rather, the several 
diagnostic studies taken together provide a full picture of GERD to determine 
whether it is amenable to surgical treatment. Based on SAGES guidelines, objective 
evidence of esophageal reflux must be demonstrated prior to surgery. These include 
any mucosal break from adjacent normal-appearing esophageal mucosa in a 
symptomatic patient, peptic stricture in the absence of malignancy, biopsy-proven 
Barrett’s esophagus (BE), or prolonged exposure to acidic pH as demonstrated by 
esophageal pH monitoring probe.

Only after successful objective identification of pathologic acid exposure should 
surgery be pursued in the following situations [7]:

 1. Patients who have failed conservative therapy with lifestyle change and medical 
management as determined by inadequate symptom management, severe 
regurgitation despite acid suppression, or side effects secondary to acid- 
suppressing medications.

 2. Patients who wish to pursue surgery for quality of life considerations (cost, need 
for lifelong medication use, etc.) despite adequate medical management.

 3. Demonstration of GERD complications, including BE or peptic stricture.
 4. Extra-intestinal manifestations of GERD: asthma, pulmonary fibrosis, throat 

clearing, aspiration, cough, etc.
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8Identifying Patients with Eosinophilic 
Esophagitis

Rebecca L. Gunter and Luke M. Funk

Eosinophilic esophagitis (EoE) is a chronic immune/antigen-mediated esophageal 
disease that presents as esophageal dysfunction in the setting of localized 
eosinophilic predominant inflammation. The most recent practice guideline from 
the American College of Gastroenterology defines EoE by the following criteria: 
symptoms related to esophageal dysfunction and the presence of eosinophil-pre-
dominant inflammation isolated to the esophagus that persists after a trial of proton 
pump inhibitors (PPI) in the absence of a secondary cause of esophageal eosino-
philia [1]. Its prevalence has been increasing, due in part to increased awareness of 
the condition and more frequent diagnosis, but also as a result of a true increase in 
the incidence of disease. The estimated prevalence of EoE in the United States 
between 2010 and 2015 was 30.0/100,000 for adults age 18–65  years and 
12.8/100,000 for adults over the age of 65 [2].

 Diagnosis

 History and Physical Exam

The typical EoE patient is a young or middle-aged male with a history of atopy. 
Men outnumber women (3:1). The most common presenting symptom of EoE is 
dysphagia due to esophageal dysfunction or food impaction. These symptoms are 
more often experienced with solid foods than with liquids, and patients may have a 
history of avoiding high-consistency foods. Dysphagia in patients with EoE is a 
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result of chronic inflammation, dysmotility, and fibrostenotic remodeling. Additional 
behavior modifications related to dysphagia are commonly reported, such as eating 
slowly or needing to swallow multiple times to fully clear the food bolus from the 
esophagus. Patients may also report heartburn or atypical chest pain.

EoE is increasingly recognized as a manifestation of a food sensitization or 
allergy. A history of atopy should alert the treating physician to the possibility of 
EoE. As many as 70% of children and adults with EoE have a history of asthma, 
allergic rhinitis, and/or atopic dermatitis [3].

The Eosinophilic Esophagitis Activity Index (EEsAI) is a validated, patient-
reported survey instrument that characterizes symptom severity and may be used for 
ongoing evaluation during and after therapy [4]. This survey is based on seven items 
assessing the frequency and duration of dysphagia, the severity of dysphagia when 
eating foods of eight different consistencies, and behavioral changes (avoidance, 
modification, and slow eating of certain foods) as a result of their dysphagia. The 
EEsAI evaluates these items over the past 24 h, 7 days, and 30 days. The Dysphagia 
Symptom Questionnaire (DSQ) and the Mayo Dysphagia Questionnaire (MDQ) are 
alternative survey measures that are used to assess EoE severity, but they are less 
specific in regard to food consistency and behavioral modifications [5, 6]. While the 
EEsAI, DSQ, and MDQ are useful in following symptom evolution over time, they 
are not sufficient to indicate endoscopic or histologic severity or remission, as 
symptoms and objective findings are inconsistently correlated [7].

Physical examination is generally unremarkable in patients with EoE, though 
10% of patients with EoE also have eczema [8]. Despite its relationship with other 
allergic conditions, allergy testing either by skin prick or serum tests for IgE is not 
useful and is generally not recommended [9].

 Differential Diagnosis

Patients presenting with dysphagia or food impaction should be evaluated for 
mechanical causes of obstruction such as a neoplasm, esophageal stricture, or epi-
phrenic diverticula, as well as primary esophageal motility disorders such as achalasia 
or systemic sclerosis. A complete history and physical can help narrow the differential 
diagnosis, but additional diagnostic measures are often required to reach a final diag-
nosis, including upper endoscopy, esophageal biopsies, esophageal manometry, and 
barium esophagram. Elevated levels of eosinophils found in the esophageal epithe-
lium, the hallmark of eosinophilic esophagitis, may be seen in a variety of other condi-
tions. These include inflammatory bowel diseases, IgE-mediated food allergies, celiac 
disease, hypereosinophilic syndrome, GERD, infectious diseases, and toxic injury.

 Upper Endoscopy

Endoscopy is used to diagnose EoE, monitor disease progression and remission, 
and guide therapy. EoE manifests a variety of endoscopic findings, including 
mucosal edema, esophageal rings (also known as trachealization or corrugation),  
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furrows (also known as felinization), exudates or plaques, luminal narrowing, and 
mucosal fragility during endoscopic evaluation (Fig. 8.1) [1]. Due to the wide range 
of endoscopic features and the variability in endoscopists’ evaluation and descriptive 
terminology, a classification and scoring system for EoE was developed and 
validated in 2013 [10, 11]. This score, known as the EoE Endoscopic Reference 
Score (EREFS) system, encompasses the five primary endoscopic findings of EoE: 
edema, rings, exudate, furrows, and strictures [12]. Each of these parameters is 
given a grade and used to generate a score (Table 8.1). A score of 2.0 or greater has 
an 88% sensitivity and 92% specificity for diagnosing EoE [13].

A history suggestive of EoE and supporting endoscopic findings must be confirmed 
by mucosal biopsies demonstrating eosinophil-predominant inflammation. Biopsies 
should be taken at the time of endoscopy from at least two different locations in the 
esophagus, usually in the proximal and distal halves of the esophagus. This point is 
especially important because while patients with GERD may have esophageal eosino-
philia located in the distal esophagus, patients with EoE will have diffuse eosinophilia 
throughout the esophagus. It is recommended to obtain multiple biopsies due to the 
patchy and heterogeneous nature of EoE. Though the number of biopsies needed is 
debatable, diagnostic sensitivity can approach 100% with 6–9 biopsies [14, 15].

 Other Imaging and Diagnostic Tools

Barium esophagram may be useful to detect esophageal narrowing not appreciated 
on endoscopy. Compared to barium esophagram, endoscopy has a sensitivity of 
only 14.7% and a specificity of 79.2% for detecting esophageal narrowing [16]. Its 
use may be reserved for patients presenting with persistent dysphagia and normal 
endoscopic findings. Endoscopic and endoluminal ultrasonography may detect 
esophageal mural thickening, though this has been used primarily in studies exam-
ining steroid effectiveness [17, 18].

a b

Fig. 8.1 (a) Longitudinal furrows (arrow) and exudates (dashed arrow) are visible throughout the 
esophagus; (b) fixed concentric rings (arrows) are seen down the length of the esophagus. (Images 
courtesy of Dr. Anurag Soni, Department of Medicine, Division of Gastroenterology and 
Hepatology, University of Wisconsin)
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Patients with EoE may have decreased esophageal distensibility and abnormal 
motility, which can be detected with esophageal manometry or by using a functional 
luminal imaging probe (FLIP). Documented derangements of esophageal motility 
include hypertensive or weak peristaltic function and poor esophageal shortening 
upon swallowing [18]. Distensibility measured by FLIP is significantly decreased 
throughout the length of the esophagus and at the gastroesophageal junction in 
patients with EoE [19, 20].

 Histology

The primary histologic finding of EoE on histology is an elevated number of 
intraepithelial eosinophils (Fig. 8.2). Most diagnostic criteria use a threshold of at 
least 15 eosinophils per high-powered field [1, 21]. Eosinophils may be clustered in 
microabscesses (aggregates of four or more eosinophils) and are often located at or 
near the epithelial surface, a phenomenon called “surface layering.” The basal layer 
of the epithelium may be thickened to a significant degree, comprising nearly the 
entire epithelium. Intracellular edema can be significant, making intercellular 
bridges that are normally invisible to light microscopy readily apparent. The 
normally thin and loose connective tissue of the lamina propria can become thick 
and dense with collagen fibers. Eosinophils and other inflammatory cells may also 

Table 8.1 Eosinophilic Esophagitis Endoscopic Reference Score (EREFS) grading system

Major features
Edema
  Grade 0: absent (distinct vascularity present)
  Grade 1: loss of clarity or absence of vascular markings
Fixed rings
  Grade 0: none
  Grade 1: mild (subtle circumferential ridges)
  Grade 2: moderate (distinct rings that do not impair passage of a standard adult endoscope)
  Grade 3: severe (distinct rings that do not permit passage of a standard adult endoscope)
Exudates
  Grade 0: none
  Grade 1: mild (lesions involving <10% of the esophageal surface area)
  Grade 2: severe (lesions involving >10% of the esophageal surface area)
Furrows
  Grade 0: none
  Grade 1: present
Stricture
  Grade 0: none
  Grade 1: present
Minor features
Crepe paper esophagus (mucosal fragility or laceration upon simple passage of an endoscope)
  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

R. L. Gunter and L. M. Funk



113

be seen in the lamina propria, though these do not contribute to the intraepithelial 
eosinophil count used to make the diagnosis of EoE [21].

 Distinction from GERD

The presentation of EoE can be very similar to that of gastroesophageal reflux disease 
(GERD). EoE was initially believed to be a marker for GERD [22, 23]. Both can be 
characterized by heartburn, chest pain, or dysphagia. The most commonly reported 
symptom in EoE is dysphagia with food impaction, whereas patients with GERD more 
frequently complain of heartburn and regurgitation. It is important to differentiate EoE 
patients from patients with GERD because their treatments differ substantially.

Attwood et al. first described EoE as being separate from GERD in 1993 in a case 
series of patients who presented with dysphagia but whose endoscopic images and 
pH monitoring demonstrated no evidence of acid reflux. Esophageal biopsies of these 
patients showed elevated eosinophils in the esophageal epithelium compared to a con-
trol cohort of patients known to have GERD (56 eosinophils/HPF in patients with EoE 
vs. 3.3 eosinophils/HPF in patients with GERD) [24]. The following year, Straumann 
et al. termed this “idiopathic eosinophilic esophagitis” [25]. The endoscopic findings 
of EoE are typically evenly distributed across the esophagus and are characteristically 
different than those of GERD, which are localized to the distal esophagus.

 Treatment

Treatment of EoE is directed at symptom reduction, remission of endoscopic and 
histologic disease manifestations, and prevention of long-term sequelae (e.g., 
strictures, luminal narrowing). Several therapeutic options are available, which may 
be used alone or in combination.

a b

Fig. 8.2 (a) Esophageal biopsy showing basal cell hyperplasia (solid arrow), intercellular edema 
or spongiosis (arrowhead), and marked increase in intraepithelial eosinophils with eosinophilic 
microabscesses (dashed arrow); (b) increased intraepithelial eosinophils (solid arrow) and eosino-
philic microabscesses (dashed arrow) at greater magnification. (Images courtesy of Dr. Rao 
Watson, Department of Pathology and Laboratory Medicine, University of Wisconsin)
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 Diet Modification

Diet modification may be attempted to alleviate symptoms and reverse esophageal 
fibrostenosis. Accepted regimens include elemental diets, allergy testing-directed 
elimination diets, and empiric food elimination. Because elemental diets are poorly 
tolerated, and the predictive value of allergy testing is limited, empiric food elimina-
tion has become the preferred method. The most popular regimen is the six-food 
elimination diet, removing the six most common food allergens (milk protein, wheat, 
eggs, soy, peanuts/tree nuts, and seafood) for 6 weeks (the induction phase). Following 
this period, foods are sequentially reintroduced with repeated endoscopies to monitor 
for disease recurrence (the reintroduction phase). Once the food trigger is identified, 
patients are counseled to continue avoiding it in their diets (the maintenance phase).

Prospective randomized clinical trials have demonstrated that the six-food elimi-
nation diet decreases the level of eosinophilia in 65–75% of patients and decreases 
symptom scores by up to 94% [26, 27]. Milk protein and wheat are the most fre-
quently identified food triggers. This approach is especially useful for patients seek-
ing non-pharmacologic treatments, though the need for frequent endoscopies and 
their associated cost are notable drawbacks. Alternatives to the six-food elimination 
diet are the four-food elimination diet (eliminating milk protein, wheat, eggs, and 
soy) and empiric elimination of cow’s milk alone. These have the advantage of 
being less restrictive, and they can identify the food trigger faster. Most patients 
who fail can be rescued with the full six-food elimination diet [28].

 Medications

Swallowed topical steroids are used as first-line therapy. Budesonide and flutica-
sone are most commonly prescribed. In a prospective randomized controlled trial of 
36 patients, treatment with a 15-day course of budesonide decreased eosinophilia 
(47.8–17.7 eosinophils/HPF), induced full histologic remission in 72%, and signifi-
cantly decreased reported symptoms [29]. These results were durable out to 
50  weeks, and long-term therapy showed a trend toward normalization of any 
evidence of esophageal remodeling prior to initiation [17]. Fluticasone has been 
shown to induce complete histologic remission in 65–68% of participants, but does 
not cause a significant reduction in reported symptoms [30, 31]. Cessation of either 
therapy results in relapse in nearly all patients, and thus patients should continue 
topical steroids as maintenance therapy. Esophageal candidiasis is a potential 
adverse outcome of topical steroids (found in up to 30% of patients), though this is 
often asymptomatic and detected on endoscopy alone. Because EoE is localized to 
the esophagus, systemic steroids are reserved for patients with severe symptoms 
and in need of rapid therapy [9].

Proton pump inhibitors were historically the first-line therapy for EoE. Initially, 
it was believed that patients who had symptom relief with PPI therapy had GERD 
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and those who saw no benefit had true EoE. However, there is a growing awareness 
of a subset of patients with esophageal eosinophilia whose symptoms respond to 
PPI, but have no evidence of GERD. This condition has been termed PPI-responsive 
esophageal eosinophilia (PPI-REE) [32]. Three mechanisms of action for this effect 
have been proposed. The first is that PPIs themselves have anti-inflammatory 
properties and can reduce eosinophil migration into the esophageal epithelium [33]. 
The second is that patients with PPI-REE have improved epithelial barrier function 
after receiving PPI therapy, preventing potential food allergens from crossing the 
mucosal layer [34]. A final proposed mechanism is that some patients with EoE may 
also have a component of acid reflux that responds to PPI therapy. Regardless of 
mechanism, it is reasonable to initiate PPI therapy for patients with EoE as a first 
step, reserving topical steroid therapy for those who do not respond.

 Endoscopic Therapy

In addition to its role in diagnosis and disease surveillance, endoscopy has impor-
tant therapeutic uses. More than 70% of patients with EoE have evidence of 
decreased esophageal distensibility. Long-standing EoE can result in esophageal 
remodeling leading to strictures, [35] which are identified in 30–80% of adults with 
EoE.  The risk of each of these changes increases with disease duration [18]. 
Endoscopic balloon dilation is an effective treatment of these complications and the 
resultant dysphagia. In a retrospective study of 10 patients with steroid-refractory 
EoE, all patients improved their dysphagia scores after 1–5 dilation sessions [36]. 
Another study of 207 patients found that esophageal dilation increased esophageal 
diameter between 5 and 7 mm. This correlated with a significant improvement in 
dysphagia symptoms in 93% of patients, with a median follow-up of 17 months 
[37]. More than half of patients require more than one dilation session to achieve 
success [38]. The best predictor of success is the esophageal caliber achieved at the 
end of dilation therapy. Despite initial safety concerns raised due to the mucosal 
fragility seen in EoE, complication rates are similar to those undergoing esophageal 
dilation for other causes [39].

A subset of patients with EoE have a diffusely stenotic, extremely narrow-caliber 
esophagus. These patients are typically older and have had a longer symptom 
duration. They are often resistant to steroid therapy and require multiple dilations to 
achieve symptom relief [40].

 Conclusion
EoE is an increasingly common disease whose hallmark symptoms overlap with 
GERD. Surgeons who perform endoscopy may be involved in its diagnosis and 
endoscopic treatment of complications resulting from long-standing EoE. There 
is no role for surgical intervention in the management of EoE.
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9Laryngopharyngeal Reflux (LPR)

Krzysztof Nowak, Saurabh Sharma, and Subhash Kini

 Introduction

Laryngopharyngeal reflux (LPR) can be defined as influx of stomach contents into 
the upper airway, especially the laryngopharynx and posterior nasopharynx. As a 
result, affected individuals complain of various laryngopharyngeal and respiratory 
symptoms caused by the damage to the upper airway epithelium.

LPR is primarily a clinical diagnosis, usually based on the presence of several 
symptoms, which most often include hoarseness, nonproductive throat clearing, 
sensation of having excess mucous in the throat, globus pharyngeus, difficulties 
swallowing, dry cough, and difficulties breathing. Multiple analyses and surveys 
show that heartburn complaints occur in no more than 40% of affected (LPR) 
patients.

Due to the variability of its clinical presentation, confusing sets of symptoms, 
and lack of reliable testing methods, there are no agreed upon diagnostic criteria for 
LPR. As a result, it is often underdiagnosed and undertreated in spite of being a very 
common condition. Reflecting this confusion is the use of many different synonyms 
such as extra-esophageal reflux (EER), reflux laryngitis, laryngeal reflux, gastro-
pharyngeal reflux, pharyngoesophageal reflux, supraesophageal reflux, and silent or 
atypical reflux.

The aim of this chapter is to give a succinct overview of the current understand-
ing of LPR.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96122-4_9&domain=pdf
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 History

Reports of association between vocal cord granulomas and laryngopharyngeal 
reflux have been mentioned as early as in the late 1960s. In a breakthrough 1991 
article, Dr. Koufman presented a detailed description of various aspects of reflux in 
the laryngopharyngeal region and provided important observations about the clini-
cal presentation, diagnosis, and proposed management at that time [1]. In 2002, 
Koufman et al. published the official position statement of the American Academy 
of Otolaryngology and stressed that LPR is a distinct clinical entity separate from 
gastroesophageal reflux disease (GERD) [2]. Guidelines presented by the American 
Gastroenterological Association Institute in 2008 presented a different perspective 
describing GERD as having two different types of syndromes, esophageal, and 
extra-esophageal (pertaining to LPR).

In spite of growing number of publications, there is still little awareness and 
understanding of LPR in the medical community except for otolaryngologists, voice 
specialist, and foregut and esophageal specialists.

 Epidemiology

Because of lack of diagnostic criteria, it is difficult to estimate the true incidence of 
LPR. There are no large population-based studies that have examined this carefully. 
Most recent estimates of GERD prevalence in North America are in the range of 
18.1–27.8%. LPR can be considered as a subset of GERD, and clinical experience 
of many experts in the field points to this condition being very prevalent. Kaufmann 
reported an incidence of LPR to be 50% in patients with laryngeal and voice symp-
toms [3]. An analysis conducted at a large group specialty practice in the New York 
City area (ENT and Allergy Associates) in 2016 showed that 9.7% of all adult 
patients seen that year (29,473 out of 304,362) carried the diagnosis of GERD or 
LPR. It is estimated that the economic impact of diagnosing and treating LPR can 
be 5–6 times higher than that of GERD [4].

 Pathophysiology

The pathophysiology of LPR is a complex interplay between abnormal function of 
esophageal sphincters, esophageal motility, and the efficacy of various defense 
mechanisms (presence of saliva, mucous barrier, and activity of carbonic anhydrase), 
which ultimately affect the extent and frequency of exposure to acid, bile, and 
pepsin on the laryngopharyngeal mucosa.

Lower esophageal sphincter dysfunction and esophageal dysmotility directly 
contribute to prolonged esophageal acid clearance in patients with LPR [5].

Abnormal upper esophageal sphincter (UES) function is another critical factor in 
LPR pathophysiology. Inappropriate premature relaxation of the UES during a 
reflux event leads to airway damage. It has been shown that prolonged mucosal 
damage is associated with laryngopharyngeal sensory deficits. Patients with GERD 
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and cough have impaired laryngopharyngeal sensitivity, which in turn further 
diminishes UES function and leads to more reflux events.

Rarely, LPR may also be caused by presence of the so-called inlet patch, which 
is heterotopic acid-secreting gastric mucosa in the upper esophagus.

 Acid

The larynx and hypopharynx have a neutral pH of 7.0 and are extremely sensitive to 
changes of pH caused by stomach acid and bile. In addition, the upper airway lining has 
no good mechanisms to protect itself from the effects of the contents of gastric reflux.

Any exposure of the laryngopharynx to stomach acid will initiate epithelial dam-
age. This damage can be a result of direct acidification of the cellular microenviron-
ment or augmentation of pepsin’s enzymatic action. Highly acidic foods may 
themselves also contribute to this process. Even a mildly acidic pH of 6.5 can initi-
ate the activity of pepsin and lead to epithelial damage.

 Pepsin

As mentioned above, acid does not act alone in damaging the upper aerodigestive 
tract mucosa. Pepsin, a proteolytic enzyme secreted in the stomach, is considered to 
be one of the primary causes of mucosal damage in LPR. Pepsin has been found in 
higher concentrations in the laryngeal mucosa and respiratory secretions in LPR 
patients when compared with controls. Initially, pepsin has been thought to cause 
epithelial damage by its proteolytic activity in digesting the molecules that maintain 
cohesion between the cells. However, recent studies have shown that pepsin is also 
endocytosed by the airway and possibly esophageal epithelial cells. It is then 
retained in the intracellular vesicles of low pH, in which the enzyme’s proteolytic 
activity is restored. It has been demonstrated that in such setting, pepsin causes 
mitochondrial damage, significant cell toxicity, and changes in the expression of 
several genes implicated in stress and toxicity [6].

It has been also suggested that exposure of the larynx and pharynx to pepsin 
causes damage to the mucosa through depletion of carbonic anhydrase III enzyme, 
which plays a key role in the regulation of pH and protection of tissues from the 
effects of acid [7]. A positive association between macroscopic findings of inflam-
mation and damage in LPR and presence of pepsin in tracheal aspirates has been 
shown. There is growing evidence that the damaging effect of pepsin and lack of 
carbonic anhydrase activity may lead to carcinogenesis.

 Bile Acids

Bile acids are also part of duodenal-gastric refluxate. Laryngopharyngeal mucosa is 
not adapted for bile exposure. Higher concentrations of bile acids in saliva have 
been found in LPR patients. Considering the neutral pH of laryngopharyngeal 
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mucosa, the unconjugated bile acids like chenodeoxycholic acid may have a 
significant damaging effect [8].

 Clinical Presentation

LPR is notoriously difficult to diagnose because most of the symptoms associated 
with it are not very specific, and its presentation is pleomorphic. Patients present 
with various combinations and severity of symptoms. Heartburn and other “typical” 
complaints of GERD are often absent. As mentioned before, a diagnostic gold 
standard for LPR has not been established.

The most common presenting symptoms of LPR are laryngeal in nature and 
include hoarseness, globus pharyngeus, perception of excess mucous in the throat 
accompanied by constant nonproductive throat clearing, dry or itchy throat, and 
chronic or recurrent dry cough. Many patients have stridor, which is mistaken for 
wheezing and therefore misdiagnosed as asthma. Reflux-induced chronic laryngitis 
has been associated with development of subglottic stenosis, laryngeal granulomas, 
contact ulcers, vocal nodules, and laryngeal carcinoma.

LPR is one of the most common causes of chronic cough. Cough in LPR is 
mostly nonproductive. Affected persons often experience fits of unstoppable cough 
to the point of tearing, loss of bladder control, and gagging. Cough often interferes 
with sleep. Complaints of shortness of breath are also very common and can be very 
distressing. Patients report inability to take a breath in (inspiratory dyspnea) and 
suffocating sensations that cause panic reactions, which prompt them to seek 
immediate help in the emergency rooms.

Other less frequently observed (or possibly less reported) symptoms associated 
with LPR include complaints of bad taste in the throat and mouth, water brash 
(regurgitation of excessive amounts of saliva), night sweats, sore throat on waking 
up, itchy ears, nasal congestion, and even tooth erosion. There are also reports of 
significant coexistence between LPR and obstructive sleep apnea. In addition, 
laryngopharyngeal reflux has been associated with chronic rhinosinusitis and 
chronic otitis media. Pepsin has been consistently detected in significant proportion 
of chronic middle ear effusions in children and has been associated with chronic 
otitis media.

Multiple authors have reported that LPR is responsible for causing bronchocon-
striction and asthma symptoms, but careful review of medical literature does not 
provide a clear proof. Shortness of breath and complaints of wheezy respiratory 
noises should be attributed primarily to laryngospasms and resulting stridor, espe-
cially when pulmonary function tests are normal.

Because of the predominance of respiratory complaints and paucity of classical 
GERD symptoms, many patients present themselves first to their primary care 
physician, pulmonologist, allergy specialist, or otolaryngologist rather than to a 
gastroenterologist or a surgeon.
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 Diagnosis

The diagnosis of LPR is based on the combination of clinical suspicion, presenting 
symptoms, and exclusion of other conditions that may present with similar 
complaints. To clarify or facilitate the diagnosis, one can also use clinical diagnostic 
tools (questionnaires), perform endoscopic evaluations, pH probe tests, and check 
for presence of pepsin in the upper airway.

 Role of Reflux Symptom Index (RSI)

One of the few validated clinical diagnostic tools used most frequently to facilitate 
the diagnosis of LPR is reflux symptom index (RSI), which consists of a set of nine 
questions addressing the most common symptoms and their severity. RSI is a useful 
tool but has significant limitations. It was developed as a severity assessment and 
outcomes instrument for patients already suspected and managed for LPR. RSI’s 
validity and reliability was based on evaluation of only 25 patients already diag-
nosed with LPR and 25 controls [9]. In addition, some of the RSI questions do not 
appear to be well formulated (multiple symptoms lumped together) and miss some 
important symptoms or complaints helpful in the diagnosis of LPR (e.g., throat dry-
ness or bad taste in the throat or mouth).

 Laryngoscopy

Laryngoscopy (indirect laryngoscopy or fiber-optic nasolaryngoscopy) is an inte-
gral part of a patient’s evaluation to rule out any other laryngeal disorders (including 
vocal cord nodules and carcinoma), which may cause hoarseness, dysphonia, and 
cough. It is important to stress that the laryngoscopic findings typical for LPR such 
as posterior laryngeal edema, true vocal fold edema, and pseudosulcus are not diag-
nostic by themselves. Studies show poor correlation between clinical symptoms and 
endoscopic findings of LPR.

The typical laryngoscopic changes associated with LPR include edema and ery-
thema of the posterior commissure, which is referred to as posterior laryngitis. 
Additional reported changes are vocal cord edema, pseudosulcus vocalis (edema of 
the undersurface of the vocal fold), presence of thick endolaryngeal mucous, lym-
phoid hyperplasia of the posterior pharynx (cobblestoning), and much more rarely 
granuloma formation, contact ulcers, subglottic stenosis, posterior glottic stenosis, 
and strictures. To provide a more consistent way of reporting fiber-optic laryngos-
copy findings, Belafsky et  al. created a reflux finding score (RFS) in 2001 [10]. 
RFS, however, has not become a useful diagnostic tool because of poor correlation 
between its scores and the clinical symptoms, pH probe results, and response to 
therapy.

9 Laryngopharyngeal Reflux (LPR)



124

 Chest Imaging and Pulmonary Function Tests

In cases of chronic cough, a careful history should be obtained to rule out chronic 
respiratory infections and other noninfectious chronic respiratory conditions. 
Imaging studies, such as a chest X-ray or chest CT and pulmonary function tests, 
have to be performed to help make the diagnosis.

 Dual pH Probe with Impedance Monitoring

Classic esophageal pH probe studies have major diagnostic and practical limita-
tions. A large international study performed in a primary care setting showed that 
standard pH probe testing failed to diagnose approximately one-third of patients 
with established acid reflux disease. Standard esophageal monitoring for LPR is not 
very sensitive.

Dual pH probe and impedance monitoring can be helpful in diagnosing LPR. The 
proximal probe is located near the upper esophageal sphincter. A major challenge 
with dual pH measurement is achieving the optimal location of the upper esophageal 
probe in relation to the upper esophageal sphincter (UES). If the placement is too 
low or too high in relation to the UES, the test may show falsely positive or negative 
results.

An alternative to esophageal pH probes is the pharyngeal pH probe test (Restech 
system), which measures acid exposure in mid-pharynx. This probe is easy to place, 
well-tolerated, and potentially more sensitive than traditional esophageal pH testing, 
capable of detecting liquid and aerosolized droplets. Studies with oropharyngeal pH 
probes are encouraging though more data in the form of randomized controlled 
studies are needed [11, 12].

The benefits of the oropharyngeal pH probe are relatively low cost, ease of place-
ment, and minimal discomfort to the patient.

 Esophagogastroduodenoscopy (EGD)

Even though EGD does not prove or disprove the diagnosis of LPR, it still plays an 
important role in patient’s assessment and formulating a management plan.

EGD can show the presence of hiatal hernia, active esophagitis, strictures, 
Schatzki rings, Barrett’s esophagus, and other less common esophageal disorders 
such as achalasia or eosinophilic esophagitis. It also helps to rule out malignancy. 
EGD is an important preoperative assessment tool in LPR patients who are appro-
priate candidates for surgical anti-reflux procedures. Some studies have shown that 
endoscopic symptoms of severe GERD increase the probability of LPR diagnosis.
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 Pepsin Detection

As we have already discussed, pepsin is not native to the oropharynx or esophagus. 
Detection of pepsin in the oropharynx is thus indicative of reflux. A recent systematic 
review reported that pepsin is a reliable marker for diagnosing LPR [13]. Pepsin can 
be found in trace amounts in the upper aerodigestive tract in healthy asymptomatic 
individuals but at much lower levels when compared with LPR patients.

A few years ago, a new diagnostic tool, Peptest, emerged which has been avail-
able in the UK and Europe and has just been approved by the FDA in the USA in 
2017. Peptest is an in vitro lateral flow device that uses monoclonal antibodies to 
detect pepsin in samples of coughed up saliva/respiratory secretions. Peptest has 
been shown to be highly accurate and has validated performance measures in detec-
tion of GERD. Its sensitivity and specificity are reported to reach 87% [13, 14]. It 
has a positive predictive value of 85% and negative predictive value of 68% in a 
blinded study where GERD was confirmed using pH measurement and EGD [14].

 Trial of Pharmacotherapy and Reflux Precautions

Good clinical response to empirical therapy with PPIs and H2 blockers can be used 
to help in the diagnosis of LPR. Good response to treatment may help in avoiding 
excessive testing and provide quick relief to the patient. Lack of convincing response 
to acid suppressants and reflux precautions within 4–8 weeks of treatment should 
prompt the physician to investigate further and clarify the diagnosis.

In spite of many conflicting studies regarding efficacy of these treatments, 
there is a general consensus to conduct an initial empirical treatment with proton 
pump inhibitors (PPIs) twice a day for 2–3  months. Good clinical response is 
considered to be a diagnostic confirmation. Medications, however, reduce only the 
production of acid in the stomach, but non-acid or weakly acidic reflux may still 
persist. This may explain the fact that multiple studies show that failure of treat-
ment even with high-dose acid suppression (PPIs given twice a day) may reach up 
to 30% of cases.

 Treatment

 Lifestyle Modification

Lifestyle and dietary modifications can be of very significant help in many cases 
and should be strongly recommended to all patients. Cessation of smoking, stop-
ping alcohol and coffee use, complete avoidance of carbonated drinks, weight loss, 
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no eating before lying down, and elevation of the head of the bed by 4–6 inches are 
universal recommendations. Avoidance of reflux- triggering foods such as coffee, 
chocolate, vinegar, mint, fatty and spicy foods, citrus fruits, tomatoes and their 
products, fresh onions, and garlic can greatly reduce symptoms and significantly 
augment the effects of medical therapy. There are several books available for the 
general public that deal especially with the dietary recommendations for patients in 
GERD and LPR.

 Medical Therapy

PPIs are the first-line treatment in pharmacological management of LPR.  These 
medications can provide significant relief for many patients with LPR and have 
shown their superiority over lifestyle modification alone in alleviating symptoms in 
LPR patients. PPIs have been shown to improve the RSI scores in LPR patients 
compared to the placebo-treated group. This is supported by strong evidence both 
by randomized trials and meta-analyses. Response to treatment, however, has been 
variable [15–18].

There is still no agreement on what should be the recommended duration of the 
initial treatment with PPIs. Recommendations vary anywhere between 6 and 
12 weeks based on improvement in symptoms and RSI scores. Many patients are 
unable to stop PPIs due to quick recurrence of symptoms.

Recently, there has been increasing concern regarding the adverse effects of 
PPIs. Reports of adverse outcomes with long-term PPIs include nephritis, 
osteoporosis with risk of bone fractures, dementia, increased risk of C. difficile 
infection, and premature death [19]. In light of these reports, the treatment duration 
of PPIs and risk benefit of long-term treatment should be carefully weighed.

H2 blockers and antacids are used as an adjunct therapy and have limited role as 
sole therapy in the management of LPR.

Prokinetic agents have also been studied in combination with PPIs in treatment 
of LPR. The data is not strong for recommendation of prokinetic agents in addition 
to PPIs.

 Endoluminal Treatment

Various endoluminal devices have been approved by FDA for treatment of 
GERD.  These include EsophyX® transoral incisionless fundoplication device, 
LINX® magnetic beads system, and Stretta® procedure.

EsophyX® is a transoral incisionless fundoplication (TIF) device. There is some 
data to support the effectiveness of EsophyX® in treating patients with LPR with 
subsequent improvement in RSI or atypical symptoms. TIF also lead to significant 
decrease in PPIs use in treated patients. Limited data is available on long-term 
durability of this treatment. Serious adverse outcome is reported anywhere between 
0.14% and 4% [20, 21].
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Stretta® procedure is an endoscopic therapy which delivers radiofrequency energy 
to the lower esophageal sphincter muscle. This causes remodeling of muscle fibers 
and improved LES function. There is paucity of literature regarding the Stretta® 
procedure for LPR. In one study, the Stretta® procedure has been shown to be equally 
effective in improving symptoms of LPR and decrease in use of PPIs [22].

Both abovementioned endoluminal therapies have not shown superiority when 
compared to 360 degree (Nissen) fundoplication. Some studies have shown inferior 
results when compared with Nissen fundoplication, whereas others have shown 
these to be equivalent to partial (Toupet and Dor) fundoplication.

More data on long-term follow-up of endoluminally treated patients is needed to 
decide the effectiveness of these treatment strategies.

 Surgical Therapy

 Fundoplication or Anti-Reflux Surgery
Anti-reflux surgery has been reserved as a treatment modality for medically refrac-
tory LPR, patients who do not want to take long-term PPI, and severe GERD associ-
ated with LPR.

Preoperative planning and workup is an essential prerequisite for anti-reflux 
surgery.

EGD is usually the initial step. A barium esophagogram helps in assessing the 
anatomical and, perhaps, functional aspect of the esophagus and helps in ruling out 
achalasia and large hiatal hernias. It serves as a good test for follow-up post anti- 
reflux surgery.

Esophageal manometry is important in determining presence of achalasia and 
other motility disorders of the esophagus. One should proceed to full fundoplication 
(Nissen) only if the motility is normal (>70% normal swallows). Otherwise, one 
should do a partial fundoplication (commonly Toupet).

Dual pH monitoring and impedance measurement with or without oropharyngeal 
pH monitoring support LPR diagnosis and are usually part of preoperative workup.

A laparoscopic Nissen fundoplication is a standard 2–3-cm-long, complete 
360 degree loose gastric fundal wrap, whereas a Toupet fundoplication is a 270 
degree partial wrap. Anti-reflux surgery has good outcomes in carefully selected 
LPR patients, but the results are slightly inferior when compared with GERD 
outcomes [23].

Cough has been shown to improve after anti-reflux surgery. The response rate is 
variable anywhere between 30% and 80% in literature. The difference between 
Nissen and Toupet in relieving cough symptom of LPR has been shown to be not 
significant in one study [24].

Hoarseness, one of the common symptoms of LPR, is also shown to improve 
after anti-reflux surgery. The data is limited, and no trials have been done to compare 
various surgical techniques.

The above statements are supported by Brown et al. in a large prospective study 
which reported significant improvement in atypical symptoms of GERD, cough, 
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wheeze, and hoarseness, in patients undergoing anti-reflux surgery (Nissen) for 
GERD [25].

Zhang et  al. reported improvement in RSI score in LPR patients after Nissen 
fundoplication when compared with PPI group. LPR was diagnosed using 
oropharyngeal pH monitoring and using high-resolution manometry and endoscopy 
for associated GERD [26]. At 2-year follow-up, independence from PPI was marked 
in surgery group, and overall satisfaction was better in surgery group.

Complaints of shortness of breath and difficulties with breathing (often associ-
ated with asthma) have also been shown to improve with surgery (Nissen fundopli-
cation) when compared with medical treatment group [27], with a decrease in 
beta-agonist, and oral corticosteroid use in asthmatics has also been reported after 
Nissen fundoplication [28].

 New Frontiers

Epidermal growth factor (EGF) is a cell growth-stimulating cytokine and plays a 
role in cell differentiation. It can be a potential marker for LPR diagnosis. Salivary 
EGF levels were found to be low in patients with reflux laryngitis (LPR) when 
 compared with healthy controls. But there was no change in EGF level 
 posttreatment [29].

The following biomarkers have been identified in medial arytenoid biopsy speci-
mens of LPR patients: (1) mucosal defense markers MUC2, MUC5B, and CDH1, 
(2) squamous/columnar marker KRT14, and (3) inflammatory markers CD1d, 
CRNN, and TGFb-1. These biomarkers have promising potential in identification 
and probably in the diagnosis of LPR [30].

 Conclusion

Despite having a significant disease burden, the awareness of LPR in the medical 
community remains low. As a result, it is underdiagnosed and undertreated. LPR 
requires a high degree of clinical suspicion and experience on behalf of the phy-
sician to diagnose and treat. For patients who do not respond to medical therapy, 
laparoscopic fundoplication offers great relief of symptoms.
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 Introduction

Since the introduction of proton pump inhibitors, the incidence of esophageal 
peptic stricture (EPS) has declined significantly [1]. Nonetheless, EPS remains a 
common cause of dysphagia and is the most common cause of benign esophageal 
strictures. Up to 25% of benign esophageal strictures result from other causes 
including eosinophilic esophagitis, radiation, caustic ingestion, and iatrogenic 
(following creation of surgical anastomoses, sclerotherapy, mucosal ablation, and 
endoscopic resections). EPS is typically a manifestation of prolonged gastro-
esophageal reflux disease (GERD). Chronic exposure of the distal esophagus to 
gastric acid results in erosive esophagitis with subsequent collagen deposition, 
fibrosis, and luminal narrowing. These strictures are usually located at the distal 
esophagus and are short in length. EPS affects only 10 percent of GERD patients 
presenting for medical treatment. The subset of patients with GERD that develop 
EPS tend to be older, have longer duration of symptoms, have higher incidence of 
esophageal dysmotility, and have lower esophageal sphincter pressures on 
manometry [2, 3]. This chapter focuses on the evaluation and different methods 
and equipment for the treatment of EPS.
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 Indications

Patients with EPS most often present with dysphagia. As the esophagus narrows, 
solid food dysphagia progresses over time to affect swallowing of liquids as well. 
Gastric acid suppression and esophageal dilation are the backbones of the treatment 
of benign esophageal stricture and have a long track record of efficacy and safety. 
The goals of treatment of EPS are to alleviate dysphagia, allow oral nutrition, 
prevent aspiration risk, and prevent stricture recurrence.

Esophageal dilation is contraindicated in the cace of significant coagulopathy 
and severe cardiopulmonary disease, in the case of malignant stricture, and in the 
setting of acute esophageal perforation.

 Patient Evaluation Prior to Dilation

Evaluation of patients with suspected EPS usually includes contrast esophagogram 
and endoscopy. Barium esophagogram is often the first test obtained to evaluate 
dysphagia. It allows delineation of the esophagogastric anatomy and helps 
characterize the stricture (diameter, length, location, tortuosity, and number of 
strictures). In addition, it helps identify other anatomic abnormalities such as 
esophageal diverticula and hiatal hernias, findings that may influence treatment 
decisions.

Endoscopic evaluation of the stricture allows visual inspection of the mucosa 
along with determination of the diameter of the stricture. It also allows mucosal 
sampling, which is essential in ruling out malignancy and other benign etiologies of 
esophageal stricture such as eosinophilic esophagitis, which is associated with 
increased incidence of dilation-induced perforation.

 Esophageal Dilation

The mainstay of the treatment of EPS is  esophageal dilation and acid suppressive 
therapy. Mechanical esophageal dilation (bougienage) has been described for 
centuries. Carved whalebones were used for this purpose in the seventeenth century, 
and the initial reports of bougienage are traced back to the nineteenth century [4, 5].

 Instruments

There are two main types of esophageal dilators. Table 10.1 provides a summary of 
those dilators:

 A. Mechanical dilators (bougie type) are long tapered tubes that are pushed tran-
sorally down into the esophagus. Different types of mechanical dilators exist; 
the most common are:
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 – Weighted dilators (e.g., Maloney and Hurst dilators): these are flexible rub-
ber weighted tubes that are passed blindly without the need for a guidewire. 
They were previously weighted with mercury, which is now substituted with 
tungsten due to concerns of leakage and mercury poisoning. They can have 
either a tapered tip (Maloney) or a rounded tip (Hurst) (Fig. 10.1).

Table 10.1 Types of esophageal dilators

Dilator Description
Need for 
guidewire Reusable

Mechanical (bougie) dilators
Maloney Tapered tip

Flexible rubber weighted with mercury or 
tungsten

No Yes

Hurst Rounded tip
Flexible rubber weighted with mercury or 
tungsten

No Yes

Savary-Gilliard® 
(Wilson-Cook, Inc., 
Winston-Salem, 
NC)

Long tapered tip Polyvinyl
Radiopaque marker at the base of taper 
identifying the point of maximum 
diameter

Yes Yes

American Dilation 
System® (CR Bard, 
Inc., Billerica, MA)

Flexible, tapered short tip
Polyvinyl
Radiopaque throughout length of dilator

Yes Yes

Eder-Puestow Olive tip
Metal

Yes Yes

Balloon dilators
TTS balloon Passed via the working channel of the 

endoscope
Available in 
some models

No

OTW balloon Passed over a guide wire Yes No

TTS through-the-scope, OTW over-the-wire

Fig. 10.1 Weighted 
mechanical dilators: 
Maloney dilator at the 
bottom, Hurst dilator at the 
top
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 – Wire-guided dilators (e.g., Savary-Gilliard dilator, American Dilation 
System): these dilators are made of polyvinyl chloride and are passed over a 
guidewire (Fig. 10.2).

Mechanical dilators come in multiple sizes (5–20 mm or 15–60 F). As they are 
pushed in, they incrementally exert both radial and longitudinal (shear) forces that 
are thought to disrupt the fibrous tissue causing the stricture to stretch. As the dilator 
is advanced, the stricture is stretched gradually starting at the proximal end.

 B. Balloon dilators can be classified into two types:
 – Through-the-scope (TTS) balloon
 – Over-the-wire (OTW) balloon

Balloon dilators exert radial dilation force simultaneously across the length of 
the stricture which results in disruption of the fibrous tissue with subsequent 
relief of the stricture [6, 7]. The balloons are pressurized and come in different 
sizes (6–20 mm) that correspond to different preset pressures. Some TTS bal-
loons come with a single size, and some can expand to three different sizes (with 
1–1.5 mm increments) depending on the applied atmospheric pressure. The latter 
are often referred to as controlled radial expansion (CRE) balloons. CRE bal-
loons allow serial dilations to be performed without exchanging the balloon 
(Fig. 10.3).

 Technique

Stricture dilation is usually performed as an ambulatory procedure and is mostly 
performed in the endoscopy unit.  The patient is instructed to avoid oral intake over-
night. Anticoagulants and antiplatelet agents are held (if needed) in preparation for 
the procedure to minimize bleeding complications. Topical application of a local 
anesthetic to the throat may be used to minimize gagging. Moderate sedation, deep 
sedation, or general anesthesia can be used according to patient factors and endos-
copist preferences. Antibiotic prophylaxis is not warranted even in patients with 

Fig. 10.2 Savary dilator, black arrow points to the radiopaque marker at the base of the taper 
marking the point of maximum diameter
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high risk for bacterial endocarditis according to the guidelines of the American 
Society for Gastrointestinal Endoscopy and the American Heart Association [8, 9]. 
The patient is positioned in the left lateral decubitus position with the head of the 
bed elevated, although supine placement in patients undergoing general anesthesia 
is an acceptable alternative. Weighted dilators can be passed in the upright sitting 
position. To obtain safe and adequate dilation of complex strictures, serial dilations 
over multiple sessions might be necessary.

Whether using a mechanical dilator or a balloon dilator, the diameter of the ini-
tial dilator should be the same as the diameter of the stricture itself. This could be 
estimated by radiological evaluation or by comparison to the diameter of the 
endoscope [5]. It is helpful to know that the diameters of the standard 
esophagogastroduodenoscopy scope and the nasopharyngeal (NP) scope are 8.8 mm 
and 5.9 mm, respectively.

Mechanical dilation When a Savary dilator is used, a guidewire is passed across 
the narrowed segment. This could be performed using endoscopic or fluoroscopic 
guidance. If the endoscope can traverse the stenosis, fluoroscopy is not necessary. 
The wire can be passed via the working channel of the endoscope into the stomach 
under direct visualization. However, the use of fluoroscopy is recommended when 
the endoscope cannot traverse the stenosis in order to confirm appropriate intralu-
minal placement.

Visualizing the wire below the diaphragm on fluoroscopy and the lack of resis-
tance to wire advancement ensures appropriate intraluminal positioning of the wire. 
The scope is then withdrawn while keeping the wire in place. The dilator is lubri-
cated generously and is then pushed over the wire while paying attention to the 
resistance met and observing the presence of blood when the dilator is withdrawn. 

Fig. 10.3 Controlled radial expansion (CRE) through-the-scope (TTS) balloon
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The lack of resistance and blood suggests that the dilator was too small and a larger 
diameter dilator should be used instead. If significant resistance is met, the operator 
should stop and downsize the dilator in order to avoid esophageal perforation. 
Maloney and Hurst dilators are utilized in a similar fashion, albeit without the need 
for wire guidance. Studies showed conflicting results regarding the utility of 
fluoroscopy in improving the outcomes of mechanical dilation [10–16].

It is imperative that the endoscopist ensures that the entire tapered portion of the 
dilator traverses the stricture. This ensures adequate dilation to the desired target 
diameter and also allows for accurate documentation of the diameter of the stricture. 
Wire-guided mechanical dilators have radiopaque portions that allow fluoroscopic 
confirmation of full dilation. When using weighted dilators, the endoscopist can use 
the measurement markings on the dilator itself. After determining the distances of 
the proximal and distal ends of the stricture from the incisors, the dilator is pushed 
until the base of the taper (point of maximum diameter) has passed through the 
distal end of the stricture. Maloney dilators have two sets of measurement markings 
that are often color-coded. The first set determines the distance from the tip of the 
dilator, and other set describes the distance from the base of the taper (point of 
maximum diameter). The endoscopist should ensure familiarity with the 
measurement markings prior to commencing the dilation process.

Through-the-scope (TTS) balloon dilation The balloon is passed via the working 
channel of the endoscope beyond the stricture. It is then pulled back so that the 
center of the balloon lies against the area of maximal luminal narrowing. The bal-
loon is then inflated to its smaller diameter with the inflation maintained for 30–60 
s. Using commercially available inflation devices, application of the appropriate 
level of atmospheric pressure can be ensured (Fig. 10.4). As with mechanical dila-
tion, resistance to the inflation can be appreciated by the assistant while the balloon 
is being inflated and is used to judge the degree of inflation. If appropriate level of 

Fig. 10.4 Inflation pump. Allows accurate inflation of the balloon dilator to the appropriate 
diameter
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resistance is noted, the balloon can be inflated to a larger diameter. It is necessary to 
maintain the position of the balloon by keeping it close to the tip of the endoscope 
and holding it in place as it enters the endoscope working channel to prevent ante-
grade or retrograde sliding (Fig. 10.5). If fluoroscopy is being used, the balloon can 
be filled with diluted water-soluble contrast. As the stricture is being dilated, the 
operator can observe the relief of the “balloon waist” indicating adequate stretching 
of the stricture. As is the case with wire-guided mechanical dilators, the TTS bal-
loons can also be passed over a wire if the stricture is too narrow to allow the pas-
sage of the endoscope (Fig. 10.6).

Over-the-wire (OTW) balloon dilation After passing a guidewire through the 
narrowed segment as described above, the balloon is passed under fluoroscopic 
guidance over the wire across the stricture and then pulled back to lay inside the 
stricture. It is then inflated with dilute water-soluble contrast while watching the 
balloon waist develop and subsequently disappear by fluoroscopy. This, in addition 
to the free movement of the inflated balloon across the dilated stricture, confirms 
adequate dilation [17].

When using mechanical dilators, we recommend using a maximum of three 
serial mechanical dilations per session without exceeding 6 F (2 mm) increase in 
the stricture size. When using TTS balloons, our practice is to use three 

a b c

Fig. 10.5 Endoscopic view of balloon dilation. (a) Esophageal stricture before dilation. (b) 
Endoscopic view during balloon dilation: by pulling the balloon closer to the scope, the dilation 
process can be visualized endoscopically. (c) The appearance of the stricture following dilation 
demonstrating the larger luminal diameter

Fig. 10.6 Wire-guided through-the-scope (TTS) balloon
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increments in size (e.g., 12, 13.5, 15 mm) during a single session. A more 
 conservative approach may be used for tighter and longer strictures to minimize 
complication risks.

The number of sessions is guided by the response to dilation and the patient’s 
symptoms. In many patients with simple strictures, adequate dilation could be 
achieved in a single session. Some patients undergoing initial dilation of tight stric-
tures may require repeat dilations every 5–7 days. The frequency of dilations can be 
reduced subsequently and is tailored to the patient’s symptoms. Generally, the larg-
est dilator size used in the last session could be used as the first dilator size for the 
current session, keeping in mind that strictures tend to shrink. It is our practice to 
perform endoscopic assessment of the diameter of the stricture prior to repeat dila-
tion. Other factors that may help determine the size of the subsequent dilators is the 
degree of resistance encountered during the previous dilation session and the patient’s 
tolerance to the procedure. Generally speaking, dilation to 18  mm (54 F) allows 
intake of a regular diet. Patients tend to report solid food dysphagia with a 13 mm (39 
F) esophageal diameter. These values provide a rough guide as to the end point of 
dilation. It is rarely necessary to dilate an esophageal stricture beyond 20 mm (60 F).

Outcomes Both mechanical and balloon dilators are highly effective in alleviating 
the symptoms of esophageal stricture [18]. Studies comparing the outcomes and com-
plication rates of esophageal dilation using mechanical and balloon dilators showed 
variable results without clear advantage of one system over the other [19–22]. The 
choice of dilation system should be based on the experience of the endoscopist with 
the dilation device. Blind passage of Maloney dilator should be avoided in complex 
strictures and when other anastomotic factors (e.g., large hiatal hernia or esophageal 
diverticulum) are present due to the increased risk of perforation [23].

Complications Esophageal dilation inherently results in disruption of the esoph-
ageal wall at the site of the stricture. Minor bleeding resulting from mucosal tears 
at the time of the procedure is an expected finding when successful dilation is 
accomplished. Perforation is the most common major complication following 
esophageal dilation. The incidence of this complication is estimated to range 
between 0.1% and 0.8%. Risk factors for perforation include underlying inflam-
matory disorders (e.g., eosinophilic esophagitis, severe erosive esophagitis), a his-
tory of prior perforation, high inflation pressures, prior radiation exposure, 
endoscopist inexperience, a large hiatal hernia, and blind passage of dilators in 
complex strictures [23–26]. The risk of perforation seems to be more related to the 
pathology of the stricture rather than the method of dilation. This serious compli-
cation is associated with 20% risk of mortality [27]. Esophageal perforation should 
be suspected in patients who develop chest pain, abdominal pain, tachycardia, 
tachypnea, and/or fever after dilation. Early identification of esophageal perfora-
tion is paramount since delays in diagnosis and treatment can result in increased 
morbidity and mortality rates. The diagnosis can be confirmed by contrast esopha-
gogram and/or chest CT scan. The details of management of esophageal perfora-
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tion are beyond the scope of this chapter, but the treatment options can be generally 
classified into medical, endoscopic, or surgical treatments. Medical treatment 
includes avoidance of oral intake, nutritional support with parenteral nutrition, 
drainage of infected fluid collections, and broad-spectrum antibiotics. Endoscopic 
treatment usually includes the placement of a plastic or covered metallic stent 
across the perforation. Other endoscopic treatment options include using clips to 
close the defect and endoluminal vacuum therapy. Surgical treatment might be 
necessary particularly if the diagnosis is delayed and may include surgical repair, 
diversion, or esophagectomy. The choice of treatment is guided by clinical and 
radiological assessment.

Significant bleeding is uncommon after esophageal dilation. The incidence rate 
is estimated at 0.2% [24]. Unless coagulopathy is present, the bleeding is usually 
self-limited, and watchful waiting is often all that is needed. More significant 
bleeding requires endoscopic evaluation and treatment.

Chest pain can be observed in some patients even in the absence of perforation. 
It is usually a self-limited problem; however, esophageal perforation needs to be 
excluded in these patients.

Esophageal dilation is the endoscopic procedure with the highest risk of transient 
bacteremia. Bacteremia rates ranging from 22% to 72% were observed after 
esophageal dilation [28–30]. Complications resulting from bacteremia are 
infrequent; therefore, antibiotic prophylaxis for bacterial endocarditis is not 
recommended for these procedures [8, 9].

Management after dilation Gastric acid suppression is mandatory following dila-
tion for EPS. Persistent exposure to gastric acid can result in recurrent strictures due 
to subsequent esophagitis and fibrosis. Studies of the natural history of EPS after 
dilation before the widespread use of proton pump inhibitors (PPIs) estimated a 
50% rate of recurrence [31, 32]. PPIs have been shown to reduce the need for repeat 
dilations and improve dysphagia scores after EPS dilations. PPIs are more effective 
in preventing restenosis than H2 receptor blockers [33–36].

EPS is more likely to recur in patients who report persistent heartburn including 
those on PPIs [37]. These patients may benefit from antireflux surgery 
(fundoplication) after the stricture has been appropriately dilated.

 Refractory Strictures

Some patients continue to  have persistent symptoms despite aggressive dilation 
schedules and acid suppressive therapy. Self-dilation at home using Maloney 
dilators has been described [38, 39]. This requires a highly motivated patient, and 
many patients are not appropriate candidates. Therapeutic options for patients with 
recalcitrant EPS include intralesional corticosteroid injections, esophageal stent 
placement, endoscopic electroincision, topical application of Mitomycin C, and 
surgical treatment.

10 Management of Esophageal Peptic Stricture



140

Intralesional corticosteroid injection has been employed to prevent restenosis 
following dilation [40–42]. While the exact mechanism is not well understood, it is 
thought that corticosteroids may impair collagen deposition and enhance local 
collagen breakdown and therefore prevent stricture recurrence [43]. A solution of 
triamcinolone acetonide (Kenalog) with a concentration of 10–40 mg/mL is injected 
at four quadrants at the narrowest portion of the stricture using a sclerotherapy 
needle just prior to dilation. A randomized sham-controlled trial has shown 
significant reduction in EPS recurrence after dilation (13% versus 60%) in patients 
who received the corticosteroid injection [44].

Esophageal stents have been used for the management of benign esophageal 
strictures including EPS. The stent applies radial pressure to the stricture and is 
ideally left in place for 6 weeks to allow tissue remodeling in order to prevent 
recurrence. Uncovered metal stents should not be used for benign esophageal 
strictures, since tissue ingrowth prevents stent removal and can lead to in-stent 
stenosis and fistula formation. Similarly, partially covered self-expanding metal 
stents (PCSEMS) may also get embedded at the ends making subsequent removal 
challenging. Fully covered self-expanding metal stents (FCSEMS) have a silicone 
or polyurethane cover that prevents tissue ingrowth and allows removability. Recent 
guidelines published by European Society of Gastrointestinal Endoscopy 
recommend using FCSEMS over PCSEMS for benign esophageal stricture [45, 46]. 
Nonmetal stents (including plastic and biodegradable stents) have also been used 
for this purpose.

Inconsistent outcomes and high rates of complications have limited the use of 
esophageal stents for management of esophageal strictures [47–51]. The most 
common problem is stent migration. A flared flanges (dog bone) design where the 
diameter of the stent at both ends is larger than the diameter at the middle seems to 
help minimize this problem (Fig. 10.7). Esophageal stents vary in length (5–15 cm), 
shaft diameter (12–23 mm), and flare diameter (20–30 mm). Other serious 
complications of esophageal stents including perforation, bleeding, and fistula 
formation have been reported. Stent intolerance in the form of chest pain is also 
another common problem. Patients frequently describe severe heartburn when the 
stent is placed across the lower esophageal sphincter. A meta-analysis of 18 studies 

Fig. 10.7 Full covered 
self-expanding  metal stent 
with flared flanges
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and 444 patients who had esophageal stent placement for the management of benign 
esophageal strictures including EPS has shown 41 percent clinical success rate, with 
a migration rate of 29 percent and a 21 percent adverse event rate. No clinically 
significant difference in outcomes or complications was noted between SEPS, 
FCSEMS, and biodegradable stents [52]. Table 10.2 summarizes the types of stents 
used for the management of benign esophageal strictures.

Endoscopic incisional therapy has been described in the management of refrac-
tory esophageal stricture particularly anastomotic strictures and Schatzki’s ring. An 
electrosurgical needle knife is used to create radial incisions at the stricture, which 
allows dilation to a larger diameter [53]. Its use in the treatment of EPS has not been 
adequately examined [54, 55].

Topical application of Mitomycin C (an anti-neoplastic agent with anti- 
fibroblastic effects) has been described in cases of recalcitrant strictures particularly 
in the pediatric population. These include strictures resulting from radiation, caustic 
ingestion, and postsurgical (tracheoesophageal fistula correction) and endoscopic 
mucosal resections. The effectiveness of Mitomycin C as an adjunct to dilation for 
EPS needs further investigation [56, 57].

Table 10.2 Types of esophageal stents used for benign esophageal strictures

Stent Examples Description Removable
SEPS Polyflex® (Rüsch, 

Kernen, Germany)
Polyester braid with full silicone 
covering

Yes

Biodegradable 
stent

SX-Ella BD® (Ella-CS, 
Hradec, Kralove, Czech 
Republic)

Made of dissolvable polymers or 
absorbable suture material (e.g., 
polydioxanone)

Not needed

FCSEMS Alimaxx-ES® (Merit 
Medical Systems Inc., 
South Jordan, Utah, 
USA)
Wallflex® (Boston 
Scientific Inc., Natick, 
MA)
Bonastent® 
(EndoChoice Inc., 
Alpharetta, GA)
Evolution® (Cook 
Medical Inc., Winston- 
Salem, NC)

Silicone, polyester, or 
polyurethane coated, with a 
scaffolding of Nitinol, stainless 
steel, or Elgiloy.
Come in either straight design or 
with flared flange (dog bone) 
design

Yes

PCSEMS Ultraflex® 
(Microvasive/Boston 
Scientific Corp, Natick, 
MA, USA)

Silicone, polyester, or 
polyurethane coated, with a 
scaffolding of Nitinol, stainless 
steel, or Eligiloy except at the 
ends

Yes but 
removal can be 
challenging

SEPS self-expanding plastic stent, FCSEMS fully covered self-expanding metal stent, PCSEMS 
partially covered self-expanding metal stents
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While uncommon, some strictures are resistant to endoscopic therapy, and these 
patients should be considered for surgical therapy including esophagectomy with 
reconstruction using gastric, jejunal, or colonic conduits.

 Conclusion

Esophageal peptic stricture is a manifestation of chronic gastroesophageal reflux 
disease characterized by fibrotic narrowing of the distal esophagus resulting in 
dysphagia. Gastric acid suppression and esophageal dilation are the mainstays of 
treatment. Mechanical dilation (bougienage) and balloon dilation are similarly 
efficacious and safe methods of esophageal stricture dilation. Esophageal perfo-
ration is the most common serious complication. Refractory strictures can be 
treated with endoscopic stenting or intralesional corticosteroid injection.
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11Medical Management of GERD

Feng Li, Stephanie Denise Pointer, and Jon P. Walker

 Introduction

Prior to considering surgical therapy for the management of GERD, one must con-
sider the medical options, for which there are many. This chapter aims to give a 
broad overview of the medical options available to the treating physician. Prior to 
pursuing therapy, it is critical to make an assessment as to the etiology of the GERD 
symptoms. For example, the therapy for erosive esophagitis may differ from noner-
osive reflux disease (NERD). It will also be very important to appreciate the thera-
peutic options for other conditions with similar symptoms, such as functional 
heartburn, hypersensitive esophagus, and non-acid reflux.

These therapies have several mechanisms, including decreasing intragastric pH, 
esophageal exposure to gastric contents, and sensitivity of the esophagus to any 
potential exposures.

 Lifestyle and Dietary Interventions in the Management 
of GERD

The cornerstone of therapy for GERD, regardless of the etiology, is lifestyle and 
dietary modifications. These modifications include weight management, exercise, 
tobacco cessation, minimizing alcohol, and dietary modifications [1].

Weight loss is strongly recommended in patients with a BMI (body mass 
index)  >  25 or patients with recent weight gain, in order to improve GERD 
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symptoms [2–4]. Obesity has been demonstrated to be an independent risk factor 
for GERD. The pathophysiological mechanisms for the increased risk include lower 
esophageal sphincter abnormalities, increased risk of hiatal hernia, and increased 
intragastric pressure [5]. One cross-sectional study demonstrated that obese partici-
pants were 2.5 times more likely to have reflux symptoms or esophageal erosions 
compared to participants with a normal (<25) BMI [6]. A similar study demon-
strated that in patients with GERD, elevated BMI was associated with more severe 
and more frequent reflux symptoms and esophagitis [7].

Dietary modifications can be vital in the management of GERD and reflux symp-
toms. While the data supporting the recommendations is not particularly strong, 
selective elimination could be considered for patients who can correlate their symp-
toms with a particular food or beverage item. Food items that have historically been 
targeted for avoidance include chocolate, citrus, tomato-based products, pepper-
mint, caffeine, spicy foods, carbonated beverages, and onion [1]. Other lifestyle 
modifications include avoiding large meals, decreased fat intake, and elevation of 
the head of the bed [8]. Most importantly, avoidance of recumbency within 2–3 h of 
meals has been shown to decrease nocturnal gastric acidity and nocturnal GERD 
symptoms [9, 10].

Tobacco cessation may result in improvement of GERD symptoms [11]. One 
recent study evaluated the effect of smoking cessation on GERD symptoms in 
patients who were treated with varenicline (a nicotinic receptor partial antagonist 
that is used to aid in smoking cessation) before and 1 year after smoking cessation. 
Patients who were treated with varenicline were asked to complete a self-reported 
questionnaire that detailed their smoking history and GERD symptoms. In the 
patients who were able to successfully achieve smoking cessation, 43.9% had 
improvement in their GERD symptoms compared to 18.2% in the patients who did 
not achieve smoking cessation.

A summary of the lifestyle and pharmacologic management of GERD is sum-
marized in Table 11.1.

 Medication Management of GERD

Medical management of GERD focuses on raising intragastric pH, promoting for-
ward motility, and manipulating lower esophageal sphincter pressure [12]. Standard 
medical therapies for patients failing lifestyle modifications include antacids, 
sucralfate, H2 receptor antagonists, and proton pump inhibitors. Other options for 
GERD include prokinetics and baclofen.

Both step-up and step-down [13, 14] approaches to therapy have been proposed. 
The step-down approach initiates treatment with more potent antisecretory drugs 
and then de-escalates therapy as symptoms improve. Step-up therapy involves 
incrementally increasing potency of therapy until symptoms are controlled. 
Typically step-down therapy will result in more rapid improvement in symptoms, 
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whereas step-up therapy will reduce PPI use, resulting in lower costs and less 
adverse effects related to PPI therapy. Therefore, step-down therapy should be con-
sidered in patients with complications of GERD (such as esophagitis) or more fre-
quent/severe symptoms.

 Antacids

Antacids contain medications such as aluminum hydroxide or calcium carbonate 
that neutralize gastric pH. While they may provide rapid onset of relief of symptoms 
[15], antacids do not provide long-lasting symptom control and thus require fre-
quent dosing. In addition, they are not effective in healing esophagitis [12]. 
Therefore, use of antacids is mainly limited to on-demand therapy for mild GERD 
symptoms.

Table 11.1 Lifestyle and pharmacologic management of GERD

Therapy
Pregnancy 
category

Use during 
lactation (Y/N) Comments

Weight loss [7, 9] – – Studies have shown improvement in 
GERD symptoms and esophageal pH

Elevation of head of 
bed [10–12]

– – Studies have shown improvement in 
GERD symptoms and esophageal pH

Avoidance of late 
night meals [13, 14]

– – Studies have shown improvement in 
nocturnal gastric acidity

Tobacco and alcohol 
cessation [17–19]

– – Studies have not shown improvement 
in GERD symptoms

Avoidance of 
chocolate, caffeine, 
spicy foods, citrus, 
carbonated beverages

– – No studies have been performed, but 
selective elimination could be 
considered for some patients if they 
can correlate improvement of their 
symptoms with elimination of 
selected food item

Antacids (calcium 
carbonate) [12]

Category C Yes –

Sucralfate Category B Yes –
H2 receptor clocker:
Cimetidine [12]

Category B Yes The American Academy of Pediatrics 
classified as compatible with breast 
feeding

H2 receptor blocker:
Ranitidine [12]

Category B Yes –

H2 receptor blocker:
Famotidine [12]

Category B Yes Lowest concentrations in breast milk 
of all H2 receptor blockers

Proton pump 
inhibitors (PPIs) [12]

Category Ba No Studies have shown growth 
retardation in infant mice of lactating 
rats

aAll PPIs, except omeprazole, are pregnancy category B. Omeprazole is pregnancy category C
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 Sucralfate

Sucralfate is a complex salt composed of sucrose sulfate and aluminum hydroxide. 
It inhibits the activity of the enzyme pepsin and protects against the formation of 
ulcers [16]. It is a topical agent that binds to the mucosal surface and promotes heal-
ing and protects from acid injury. It is very poorly absorbed from the GI tract thereby 
exerting its therapeutic effect through local mucosal protection [16].

Sucralfate has been shown to be, potentially, efficacious in improving reflux 
symptoms in patients with reflux esophagitis and nonerosive reflux disease (NERD) 
[17]. In a placebo-controlled trial, patients with reflux treated with sucralfate had 
significantly higher response compared to placebo (71% vs 29%, p  <  0.001). 
However, sucralfate has a short duration of action and limited efficacy compared 
to PPI.

A study was performed comparing the effect of sucralfate gel versus placebo in 
patients with NERD [18]. A total of 141 patients with moderate to severe gastro-
esophageal reflux symptoms (without erosions or ulcers at endoscopy) were 
treated for 6 weeks in a randomized, double-blind, placebo-controlled study with 
either 1 g sucralfate gel BID or placebo [18]. In the sucralfate treatment group, 
45% of patients reported a “good” or “excellent” overall response in their symp-
toms compared with 22% of patients in the placebo group [18]. This study con-
cluded that sucralfate gel was superior in the treatment of NERD compared to 
placebo [18].

One randomized controlled trial compared sucralfate and ranitidine in reflux 
esophagitis to determine if sucralfate is an effective alternative in the treatment of 
reflux esophagitis [19]. A total of 49 patients with reflux esophagitis were treated 
for 8  weeks with either 1  g of sucralfate suspension four times daily or one 
150 mg ranitidine film-coated tablet twice daily [19]. After 8 weeks of treatment, 
reflux esophagitis was healed in 14 (out of 22) patients in the sucralfate treatment 
group and 13 (out of 19) patients in the ranitidine treatment group [19]. Both 
forms of treatment were tolerated well and had similar positive effect on symp-
toms, and there were no differences in the endoscopic findings after treatment. 
This study concluded that sucralfate is an effective alternative treatment in the 
treatment of reflux esophagitis [19]. There are studies that also demonstrate that 
sucralfate may aid in mucosal repair and ulcer healing. Sucralfate is typically 
used in conjunction with other GERD medications. Because it is not teratogenic, 
it is also considered safe to be used in pregnancy and is classified as pregnancy 
category B.

 H2 Receptor Antagonists

H2 receptor antagonists (H2RAs) reduce acid secretion by inhibiting the hista-
mine- 2 receptor on the gastric parietal cell, which regulates acid secretion. H2RAs 
provide longer duration of relief compared to antacids but have slower onset of 
action [20].
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 Proton Pump Inhibitors

Proton pump inhibitors (PPIs) are the most potent antisecretory therapy. They work 
by binding irreversibly to the hydrogen-potassium-ATPase pump on parietal cells, 
thus blocking acid secretion into the gastric lumen. In general, all PPIs should be 
dosed approximately 30–60  min before a meal for maximal effect and are most 
effective when taken at least 30 min before the first meal of the day because H-K- 
ATPase numbers are at their peak following a prolonged fast.

PPIs also have superior healing rates of erosive esophagitis compared to H2RAs 
(92.1% vs 69.9% at 8 weeks), and in a study comparing lansoprazole to ranitidine, 
patients on lansoprazole reported improved symptoms, including less daytime 
heartburn, burning in the upper abdomen, and gastroesophageal regurgitation at the 
end of the 8-week study period [21, 22].

Among patients with nonerosive reflux disease, a Cochrane review showed that 
PPI therapy is superior to both H2RAs and prokinetics for heartburn relief [23]. The 
relative risks for heartburn remission in placebo-controlled trials were 0.37 (95% CI 
0.32–0.44) for PPI, 0.77 (95% CI 0.60–0.99) for H2RA, and 0.86 (95% CI 0.73–
1.01) for prokinetics. Even among patients with typical heartburn symptoms but 
normal endoscopic findings, PPI remained superior to H2RA (heartburn remission 
RR 0.78, 95% CI 0.62–0.97), although the difference was smaller compared to 
patients treated empirically.

Furthermore, in patients with symptoms of GERD, but normal endoscopy find-
ings (endoscopy-negative reflux disease/ENRD), a short course of antisecretory 
drugs is effective in controlling symptoms. In this group, PPIs were also superior to 
H2RAs (four trials), although the difference was smaller compared to studies of 
patients treated empirically. In the only trial comparing an antisecretory (omepra-
zole) with a prokinetic agent (cisapride), outcome was in favor of the PPI.  No 
placebo- controlled trials on the efficacy of prokinetics for ENRD were identified.

In patients with erosive esophagitis, PPI therapy has superior rates of healing and 
decreased relapse compared to H2RA and placebo [24]. A large meta-analysis com-
paring PPI, H2RA, sucralfate, and placebo in erosive esophagitis confirmed supe-
rior healing with PPIs (84% +/− 11% PPI, 52% +/− 17% H2RA, 39% +/− 22% 
sucralfate, 28% +/− 16% placebo) [25].

There have been no significant differences in symptomatic relief among different 
PPIs [26]. In terms of mucosal healing of erosive esophagitis, esomeprazole demon-
strated a slight increase in probability of healing erosive esophagitis (RR 1.05, 95% 
CI 1.02–1.08) [26]. The clinical significance of this is unclear, and typically PPIs 
can be used interchangeably.

The vast majority (~70–80%) of patients with GERD would be expected to 
respond completely to standard PPI therapy. One of the most common reasons for 
failure is poor compliance with dosage recommendations. It is highly recommended 
that providers first have a discussion with patients regarding the proper use and timing 
of PPI therapy before increasing dosing or considering it a treatment failure. Other 
risk factors for lack of symptom control despite medical therapy include longer dura-
tion of symptoms, presence of hiatal hernia, and extra-esophageal symptoms [27].

11 Medical Management of GERD



152

Patients with otherwise noncomplicated reflux can be managed with either on- 
demand or intermittent PPI therapy [13, 28]. Maintenance therapy should be con-
sidered for patients with refractory symptoms or complications such as erosive 
esophagitis due to the high rate of recurrence off PPI. For instance, among patients 
with LA grade B-C esophagitis, nearly all will relapse symptomatically by 
6 months [27].

PPI therapy is highly effective, but patients should be counseled regarding poten-
tial adverse effects, which can include vitamin and mineral deficiencies, bone frac-
tures, enteric infections, pneumonia, and cardiovascular risk with co-prescription 
with clopidogrel. In addition, more recent studies have shown an association between 
chronic PPI use and the development of dementia and chronic kidney disease.

It has been hypothesized that acid suppression therapy can reduce B12 levels. 
The first step in cobalamin absorption is dependent on acid and pepsin to release 
cobalamin from dietary proteins. Thus, reduction in intragastric acid can decrease 
bioavailability of B12 for absorption. However, two reviews did not show evidence 
of B12 deficiency in patients on chronic PPI [29, 30]. It should be noted that the 
elderly may be at increased risk of B12 deficiency and B12 deficiency should still 
be considered in this population.

Similarly, absorption of dietary iron also relies on gastric acid to dissociate iron 
salts from food. Conditions that decrease gastric acid such as atrophic gastritis and 
vagotomy have been associated with iron deficiency. However, normal subjects on 
PPI therapy have not been shown to develop iron deficiency [29].

Hypomagnesemia has been reported in association with PPI use [31]. Serious 
adverse effects of hypomagnesemia can include tetany, cardiac arrhythmias, and 
seizure. Based on multiple case reports, the FDA issued a warning in 2011 regard-
ing long-term (greater than 1 year) PPI use and the risk of hypomagnesemia [32]. In 
about 25% of the cases of hypomagnesemia, oral magnesium supplementation was 
insufficient, requiring discontinuation of the PPI. Therefore, it is reasonable to mon-
itor magnesium levels in patients expected to be on prolonged PPI or in patients 
who take PPI with other medications (diuretics) that lower magnesium.

Concerns have also been raised regarding risk of osteoporosis. Prior studies have 
shown conflicting results, but a recent prospective cohort study demonstrated that 
PPI use was significantly associated with a shorter time to first non-traumatic frac-
ture (hazard ratio 1.75, 95% confidence interval 1.4–2.17) [33]. Given the signifi-
cant morbidity associated with osteoporosis-related fractures, the risk of PPI use 
should be carefully considered in populations at risk for osteoporosis.

PPIs are also thought to be associated with increased risk of enteric infections. 
By decreasing gastric acidity, PPI therapy may promote growth of gut microflora. 
Systematic reviews have demonstrated increased risk of salmonella, campylobacter, 
and C. difficile infections for patients on PPI therapy [34]. The risks and benefits of 
PPI therapy should be considered carefully in patients at risk for enteric infections, 
especially those at risk for C. difficile.

The data regarding risk of pneumonia with PPI use is conflicting. A large 
review and meta-analysis demonstrated increased risk of pneumonia in patients 
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using PPIs (adjusted OR 1.27, 95% CI 1.11–1.46) in the observational studies, 
but this relationship was not seen with the randomized studies [35]. On the other 
hand, a more recently published meta-analysis did demonstrate increased risk of 
community- acquired pneumonia among patients on PPI therapy (OR 1.36, 95% 
CI 1.12–1.65) [36]. Interestingly, on sub-group analysis, short duration of use 
was associated with increased risk of community-acquired pneumonia, while 
chronic use was not. This risk associated with short-term use has also been 
reported in other studies [37, 38]. The mechanism behind this is unclear. Further 
studies are needed to better delineate the risks of pneumonia associated with PPI 
therapy.

Clopidogrel is a commonly used antiplatelet medication. In 2009, the FDA 
issued a warning regarding the possibility of increased cardiovascular events 
among patients taking both clopidogrel and PPI therapy, as both medications are 
metabolized through the CYP 2C19 pathway. These recommendations were based 
on in vitro studies, which demonstrated decreased inhibition of platelet aggrega-
tion by clopidogrel in combination with PPI [39]. However, clinical data does not 
support any evidence of increased cardiovascular events with this medication com-
bination. An analysis of well-controlled randomized trials concluded that there 
was no risk of adverse cardiac outcomes [40]. In fact, there may be increased risk 
of bleeding complications without PPI therapy in high-risk individuals on anti-
platelet therapy.

Recent population database studies have raised the concern that long-term PPI 
use may be associated with dementia as well as chronic kidney disease. In a retro-
spective population cohort study, there was an association between the use of 
chronic PPIs and the development of chronic kidney disease (in analysis adjusted 
for demographic, socioeconomic, and clinical variables, HR, 1.50, 95% CI 1.14–
1.96). In addition, there was a dose-dependent risk of CKD with PPI use, with 
twice-daily dosing being associated with increased risk. On the other hand, there 
was no increase in CKD risk with H2RA [41]. At this time, more studies are 
needed to confirm any causative relationship between PPI use and CKD 
development.

A large population database analysis demonstrated an association between regu-
lar PPI use and onset of dementia (HR 1.44; 95% CI, 1.36–1.52) [42]. In mouse 
models, PPI therapy with lansoprazole has been associated with increased deposi-
tion of beta-amyloid, which could be a mechanism for this association [43]. Similar 
to the study showing association with CKD, there was no clear demonstration of a 
causative relationship with dementia in this study.

In a recent review by the American Gastroenterological Association, it was deter-
mined that the use of long-term PPI therapy is effective and very safe. However, 
given these reports regarding rare but potentially serious complications from long- 
term PPI use, we recommend that PPIs be used judiciously and only when 
indicated.

The proposed risks of proton pump inhibitors and suggested practice recommen-
dations are summarized in Table 11.2.
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 Prokinetics

Prokinetic medications such as metoclopramide have been shown to increase lower 
esophageal sphincter pressure, increase esophageal peristalsis, and increase gastric 
emptying [44]. There is limited data showing clinical benefit of adding metoclo-
pramide to PPI therapy. The combination of metoclopramide in addition to H2RA 
has not been shown to have any incremental benefit over either agent alone [45].

Unfortunately, the routine use of metoclopramide is limited by its central ner-
vous system side effects, including drowsiness, agitation, dystonic reactions, and 
tardive dyskinesia [46]. The FDA has issued a black box warning regarding risk of 
tardive dyskinesia, an often irreversible movement disorder, with chronic use of 
metoclopramide [47].

Table 11.2 Summary of proton pump inhibitor therapy risks and suggested practice 
recommendations

Risk Summary Practice recommendations
Nutritional
B12 deficiency Very rare. Elderly and 

malnourished at higher risk
No need for routine screening
Could be considered in elderly or 
malnourished

Iron deficiency Little data that PPI contributes 
to clinically significant iron 
deficiency

No need for routine screening

Hypomagnesemia Rare, case reports published in 
literature

Be aware of risks of hypomagnesemia, 
hypokalemia, hypocalcemia. Consider 
checking levels in patients if there are 
cardiac risk factors

Fracture risk Inconsistent studies, more 
recent studies do show 
association with fragility 
fractures

No recommendation for routine bone 
density screening

Infectious
Enteric infections Increased risk of salmonella, 

campylobacter, C. difficile
Consider risk/benefit especially in 
patients at risk for C. difficile

Pneumonia Conflicting data
Most associated with short- 
term use

PPI should not be withheld from 
patients when indicated

Medication interactions
Clopidogrel No evidence of increased 

cardiovascular risk
No limitations

Other complications
Chronic kidney 
disease

Association between 
development of chronic kidney 
disease and PPI use in 
dose-dependent relationship

Discuss risks and benefits with patient. 
Use lowest possible PPI dose

Dementia Association between 
development of dementia and 
chronic PPI use

Discuss risks and benefits with patient
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An alternative to metoclopramide is domperidone, which currently requires an 
application for investigation drug usage permit from the FDA and is not currently 
approved for GERD. Although domperidone and metoclopramide have similar effi-
cacy in gastroparesis, they have not been compared in GERD [48]. It is important to 
note that while on therapy, routine EKGs are needed to monitor for prolonged QT 
interval, which can cause ventricular arrhythmias and sudden cardiac death [49].

Macrolide antibiotics, such as azithromycin, have been shown to reduce acid 
reflux in addition to their prokinetic effect. However their use is limited by tachy-
phylaxis [50].

 Baclofen

Baclofen is another alternative therapy for refractory GERD.  Baclofen works 
through reducing transient LES relaxations, which are an important contributor to 
reflux [51, 52]. Baclofen has also been shown to decrease the amount of postpran-
dial acid and non-acid reflux events [53], nocturnal reflux [54], and belching [55].

However, baclofen is not used more widely due to such side effects as drowsi-
ness, nausea, headaches, asthenia, and tachyphylaxis. In addition, it is not currently 
approved by the FDA for treatment of GERD.

 Management of Gastroesophageal Reflux Symptoms 
in Pregnancy and During Lactation

Gastroesophageal reflux symptoms are estimated to occur in up to 50% of pregnan-
cies [56, 57]. These symptoms are typically due to the mechanical pressure that is 
placed on the stomach and bowel as the uterus enlarges. There is limited data to 
determine if there is a hormonal correlation with GERD symptoms in pregnancy. 
Symptoms typically manifest in the first trimester of pregnancy and resolve after 
delivery [58, 59].

Treatment of GERD symptoms in pregnancy typically follows a stepwise 
approach (Fig. 11.1). Lifestyle modifications are recommended as first-line ther-
apy. If symptoms persist despite lifestyle modifications, calcium-containing ant-
acids, sucralfate, and promotility drugs (i.e., metoclopramide (pregnancy category 
B)) are typically recommended, followed by H2 blockers (pregnancy category B) 
and proton pump inhibitors (pregnancy category C) [16].

Lifestyle modifications
Antacids,
sucralfate,

promotility drugs
H2 blockers PPIs

Fig. 11.1 Stepwise approach to management of GERD in pregnancy
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All H2 receptor blockers are excreted in human breast milk, and the effects of 
these drugs are unknown on the nursing human infant [60]. One review examined 
available data regarding the levels of H2 receptor blockers in breast milk and found 
that ranitidine and famotidine are safest to use during lactation, with famotidine 
being preferred because of its lower concentration in human breast milk [16, 61–
64]. There is no data available on the use of sucralfate during breastfeeding; how-
ever, because it is virtually unabsorbed enterally, it is considered acceptable to use 
while breastfeeding without precautions [16, 60, 65, 66]. Proton pump inhibitors 
(PPIs) are typically not recommended for use by lactating mothers. Women with 
severe GERD symptoms can either take PPIs and discontinue lactation or use a dif-
ferent class of reflux therapy [16].

 NERD (Nonerosive Reflux Disease) and Non-acid Reflux 
Management

Nonerosive reflux disease is a subset of GERD that is characterized by symptoms of 
reflux without mucosal erosions on endoscopy, but with evidence of pathologic lev-
els of reflux on pH or pH-impedance monitoring. The potential causes for symp-
toms in NERD are microscopic inflammation, visceral hypersensitivity, or sustained 
esophageal contractions [67].

PPIs have been shown to be effective in NERD. However, patients with NERD 
have been shown to be less responsive to PPIs than patients who have erosive esoph-
agitis by approximately 20–40% after 4 weeks of treatment [68].

Non-acid reflux disease is a subset of GERD that is characterized by symptoms of 
reflux; however, there is minimal to no response to PPI treatment, nor is there evidence 
of pathologic acid reflux during pH testing. Therefore, acid reflux does not appear to 
be the underlying disorder [69]. Bile acid sequestrants and oatmeal have been used to 
treat reflux symptoms. However, there is little data to assess the efficacy of these 
modalities. Baclofen can also be an option in treating non-acid reflux [69–71].

 Functional Heartburn Management

Functional heartburn is the term used to describe the symptoms of a select group of 
patients who have heartburn symptoms but have normal esophageal acid exposure 
and no correlation between rare reflux events and their symptoms [70].

Therapy for functional heartburn involves a stepwise approach to alleviating 
symptoms (Fig. 11.2). The first step is lifestyle modification that includes avoiding 
triggers and identifying psychosocial features associated with symptoms [70]. Close 
communication between the gastroenterologist/surgeon, primary care physician, 
and, sometimes, psychiatry/psychology plays an important role in this aspect of 
therapy. If lifestyle modifications fail to improve symptoms, patients can then be 
treated with acid suppression [70]. While there may be no evidence in the patients’ 
history or objective testing for acid reflux, there is data to suggest that acid 
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suppression can be beneficial in some patients with functional heartburn. This may 
represent the likely overlap between hypersensitive esophagus and functional heart-
burn [71, 72]. If acid suppression fails to improve symptoms, patients can then be 
treated with neuromodulatory medications that include tricyclic antidepressants 
(TCAs), selective serotonin reuptake inhibitors (SSRIs), and melatonin [70]. If neu-
romodulatory therapies fail to adequately improve symptoms, patients can be 
treated with alternative therapies which include biofeedback, acupuncture, and 
esophageal- directed hypnotherapy [70].

While there is limited data to assess the effectiveness of neuromodulatory medi-
cations, one study found that imipramine (tricyclic antidepressant) did improve 
quality of life in patients suffering from functional heartburn; however, it did not 
relieve symptoms more effectively than placebo [73]. In this study, patients with 
established diagnoses of esophageal hypersensitivity or functional heartburn were 
randomized to receive either 8 weeks of imipramine 25 mg once daily or placebo 
[73]. The primary outcome was relief of symptoms, and the secondary outcome was 
improvement in the quality of life [73]. Patients receiving imipramine did not have 
a higher rate of satisfactory improvement in symptoms compared to patients receiv-
ing placebo [73]. Nonetheless, other trials show that tricyclic antidepressants can 
control esophageal pain in both healthy subjects and those that have functional 
esophageal disorders [74]. Thus, neuromodulatory therapy has become an impor-
tant treatment modality in functional heartburn.
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 Indications

Laparoscopic fundoplication is the gold standard surgical treatment of moderate to 
severe gastroesophageal reflux disease (GERD) [1].

Gastroesophageal reflux disease is common in the general population, and 
although it may present as acid reflux, heartburn, or chest pain, its symptomatology 
may be caused by a number of disease processes such as a hiatal hernia, achalasia, 
diffuse esophageal spasm, gastritis, gastric or duodenal ulcers, or coronary artery 
disease among others. Patients who suffer from GERD that has been severe and unre-
sponsive to medical treatment (medications, lifestyle, and habit changes) associated 
with the following medical conditions may be candidates for an anti-reflux surgery:

• High volume reflux
• Erosive esophagitis
• Benign stricture secondary to GERD
• Barrett’s columnar-lined epithelium (without high grade dysplasia or carcinoma) 

in conjunction with symptoms not improved with medical treatment
• Atypical or respiratory symptoms with a good response to medical treatment
• Failed optimal medical treatment
• Noncompliance with medical therapy
• Risk factors that predict a poor response to medical therapy:

 – Nocturnal reflux on 24-h esophageal PH study
 – Structurally deficient lower esophageal sphincter
 – Mixed reflux of gastric or duodenal juice
 – Mucosal injury at presentation
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About one-third to half of patients with GERD may present with laryngopharyn-
geal reflux (LPR) and report upper respiratory symptoms including hoarseness, lar-
yngitis, wheezing, nocturnal asthma, chronic coughing, aspiration, or dental erosion 
[2]. Relief of respiratory symptoms is usually achievable by fundoplication in 
patients who also have typical reflux symptoms; however, poorer outcomes may be 
expected in those patients with LPR in association with abnormalities of esophageal 
motility. As with GERD with classic symptoms of acid reflux or heartburn, the pri-
mary treatment of LPR is still medical, and these patients should be referred to 
gastroenterologists or ENT physicians who specialize in LPR before considering 
surgery. A common error is to define the presence of gastroesophageal reflux dis-
ease by endoscopic esophagitis. Limiting the diagnosis to patients with endoscopic 
esophagitis ignores a large population of patients without mucosal injury who may 
have severe symptoms of gastroesophageal reflux and could be considered for anti-
reflux surgery.

 Preoperative Workup: Defining Reflux Disease

The most precise approach to define gastroesophageal reflux disease is to measure 
the basic pathophysiologic abnormality of the disease [3]. The work up consists of:

• Upper endoscopy: A detailed esophageal and gastric endoscopy should be per-
formed to assess the esophageal and gastric mucosa and presence or absence of 
a hiatal hernia and for further assessment of other pathologic findings such as 
malignancy prior to proceeding with a surgical anti-reflux procedure.

• 24-hour pH monitoring: It is the gold standard to assess the degree and pattern of 
esophageal exposure to acid gastric juice. Although symptoms may differ from 
GERD, in those cases when laryngopharyngeal reflux disease is suspected (in 
general a flexible fiber-optic laryngoscopy will demonstrate erythema and 
inflammation of the vocal cords and pharynx), a dual pH sensor probe to measure 
acid exposure to the upper esophagus and larynx should be performed. The 
Bravo® reflux testing system measurements of acid exposure are adequate for 
GERD (heartburn), but cannot be used for diagnosis of LPR since the placement 
of the capsule high in the esophagus is not well tolerated by the patients.

• High-resolution manometry (HRM) with esophageal pressure topography (EPT): 
It is an important and essential tool for evaluation of the upper and lower esopha-
geal sphincter and motor function of the body of the esophagus prior to any anti-
reflux procedure. HRM is performed with catheters equipped with multiple 
sensors distributed longitudinally and radially in the esophagus allowing simul-
taneous pressure measurements in the sphincters and the esophagus. The EPT is 
represented by a three-dimensional plotting format for interpretation of the 
HRM. Esophageal pressure measurements are converted into a color scale using 
cold colors for interpretation of low pressures and hot color for interpretation of 
high pressures. This study may provide alternative diagnosis, such as sclero-
derma or achalasia, for which anti-reflux surgery may be contraindicated. In 
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addition this will help determine if there is sufficient motor power in the body of 
the esophagus to propel a bolus of food through a newly reconstructed valve. 
Patients with normal peristaltic contractions do well with a 360° Nissen fundo-
plication (Fig. 12.1). When peristalsis is decreased or severely disordered (greater 
than 30% simultaneous contractions or dropped waves) or the amplitude of the 
contraction in one or more of the lower esophageal segment is below 20 mmHg, 
a partial fundoplication is recommended, especially if the patient has clinical 
dysphagia.

• Assessment of esophageal length: This is done to exclude esophageal shortening. 
Repetitive injury causes scarring and fibrosis and ultimately results in anatomic 
shortening of the esophagus in a small group of patients. This compromises the abil-
ity to do an adequate tension-free repair without a potential breakdown or thoracic 
migration of the stomach. It is essential to identify these patients preoperatively.

• Esophageal length is best assessed using video roentgenographic contrast studies 
and endoscopic findings together. It has been our experience that when the gas-
troesophageal (GE) junction is above 30 cm from the incisors or there is a docu-
mented stricture, the probability of encountering a short esophagus increases 
considerably.

 Choice of Operation

Selection of a partial versus complete fundoplication is based upon an assess-
ment of the esophageal contractility and the clinical presence of dysphagia [4, 
5]. The surgeon should be careful with performing a 360° fundoplication in 
those patients with clinical dysphagia. Those with weak esophageal 

Fig. 12.1 Nissen 
fundoplication
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contractions (amplitudes of contractions <30% simultaneous waves) may have 
increased outflow resistance associated with a complete fundoplication, which 
will dramatically increase the dysphagia postoperatively. If the esophagus is 
found to be short at surgery besides appropriate circumferential dissection in an 
attempt to bring the esophagus to the abdomen, a Collis gastroplasty may be 
necessary.

In those patients with normal esophageal length and motility, our operation of 
choice is a laparoscopic Nissen fundoplication, but we recognize that some sur-
geons perform a partial fundoplication even with normal motility.

In those patients with decreased motility and dysphagia, our preference is to 
perform a partial fundoplication. If the patient has decreased motility without dys-
phagia, a Nissen fundoplication is a reasonable option.

 Surgical Techniques

A number of anti-reflux procedures have been described for the treatment of 
GERD. The most common procedures are Nissen fundoplication and a 270° partial 
fundoplication (Toupet). We recognize that other procedures exist, but we do not 
have any clinical experience with them (e.g., Hill procedure).

Patient Position and Room Setup
 1. The patient may be positioned in a modified lithotomy position or with split legs 

depending on the surgeon’s preference.
 2. The surgeon stands between the legs and works with both hands with the monitor 

overlying the head of the patient. This allows the right- and left-handed instru-
ments to approach the hiatus with appropriate angulation and exposure.

 3. The patient is placed at 30–45° of reverse Trendelenburg position to allow dis-
placement the transverse colon and small bowel inferiorly to keep them away 
from obstructing the surgical maneuvers and the view of the video camera.

Trocar Position and Principles of Exposure
 1. Four 5-mm and one 10-mm port are utilized with a 0°-, 30°-, and/or 45°-angled 

laparoscope.
 2. The abdominal cavity is accessed with a 5 mm direct viewing in the left upper 

abdominal quadrant (midclavicular line), 2–3″ below the costal margin (right 
operating port).

 3. Place the left operating port in the right upper abdominal quadrant (midclavicu-
lar line), 2–3″ below the costal margin. This allows triangulation between the 
camera and the two instruments being in direct line with the camera.

 4. Place one lateral retracting port below the costal margin in the lateral left upper 
quadrant (anterior axillary line).

 5. Place the camera port (10-mm) above the umbilicus, one-third of the distance 
between the umbilicus and xiphoid process and 2–3″ to the left of the midline. In 
patients with large body habitus, this port may be needed to be placed half of the 
distance between the umbilicus and the xiphoid process.
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 6. A Nathanson retractor is carefully placed through an epigastric incision (and to 
the left of the falciform ligament) for anterior retraction of the liver and exposure 
of the esophageal hiatus. This maneuver exposes the esophageal hiatus. The 
stomach can subsequently be manipulated and retracted with an blunt grasper to 
expose and better visualize the hiatus. In the presence of a hiatal hernia, reduc-
tion of the hernia with the excision of the hernia sac and fixation will need to be 
accomplished.

 I. Nissen Procedure (Complete 360° Fundoplication)

The critical elements of laparoscopic Nissen fundoplication are:
 1. Crural dissection, identification, and preservation of both vagus nerves
 2. Circumferential dissection of the esophagus
 3. Fundus mobilization by division of short gastric vessels (a Nissen-Rossetti 

fundoplication is a variant of the Nissen procedure without division of the 
short gastric vessels)

 4. Crural closure
 5. Creation of a short, loose fundoplication by enveloping the anterior and pos-

terior wall of the fundus around the lower esophagus
 1. Crural dissection begins with identification of either the left or the right crus. 

Laparoscopic scissors, blunt graspers, or an energy device should be used for 
dissection.
 (a) Begin the dissection by incising the gastro-hepatic ligament. This will 

expose the lesser sac with the caudate lobe, the right crus, and the vena 
cava.

 (b) A replaced left hepatic artery arising from the left gastric artery will be 
present in up to 25% of patients. It should be identified and preserved.

 (c) After incising the gastro-hepatic ligament, the right crus is dissected from 
the anterior to posterior trying to preserve the covering muscular fascia of 
the crus intact.

 (d) With careful maneuvers and retracting the right crus laterally, the medias-
tinum just lateral and posterior to the esophagus should be dissected. The 
dissection continues into the mediastinum in order to separate the esoph-
agus from its surrounding structures; this will be a critical step to allow 
proper mobilization of the esophagus into the abdominal cavity. The 
right, posterior vagus is in this area, and it must be identified. The junc-
tions of the left and right crural fibers are identified just posterior to the 
esophagus from the right side.

 (e) Anterior dissection at the level of the phrenoesophageal ligament should 
be performed with care to prevent injury to the phrenic artery and vein as 
they course the anterior aspect of the hiatus. The left, anterior vagus nerve 
is just beneath the ligament and must be identified and preserved. The left 
crus is then dissected from anterior to posterior separating the esophagus 
from the left crus.

 (f) By retracting the esophagus anteriorly, the left and right crural junction 
can be then identified. A complete dissection of the lateral and inferior 
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aspect of the left crus and fundus of the stomach is the key maneuver 
allowing circumferential mobilization of the esophagus. By retracting the 
gastric fundus to the right, a better exposure of the left crus can be 
accomplished.

 2. Circumferential dissection of the esophagus can be accomplished by careful 
dissection of the lateral, anterior, and posterior soft tissues within the hiatus 
with the purpose of bringing 3–4 cm of the esophagus into the abdomen with-
out tension.
 (a) In the presence of severe esophagitis, transmural inflammation, esopha-

geal shortening, and/or a large posterior fat pad, this dissection may be 
difficult. Alternatively, the hiatus can be approached from the left side 
after dividing the short gastric vessels.

 (b) After circumferential dissection of the hiatus, a Penrose drain can be 
passed around the esophagus and be used as an esophageal retractor to 
facilitate the procedure.

 3. Fundus mobilization: Complete fundus mobilization allows construction of a 
tension-free fundoplication.
 (a) The gastrosplenic ligament is incised approximately one-third the dis-

tance down the greater curvature of the stomach with an energy device 
close to the stomach; graspers are used for lateral retraction to enter the 
lesser sac. Dissect and divide the short gastric vessels with the aid of an 
energy device. The dissection also includes posterior attachments of the 
upper stomach and continues until the right crus and caudate lobe can be 
seen from the left side (complete mobilization).

 4. Crural closure: With or without a blunt-tipped 36 Fr. bougie (surgeon’s 
preference).
 (a) Retracting the esophagus anterior and to the patient’s left, identify the left 

and right crura for repair.
 (b) Using 0 weight interrupted nonabsorbable sutures on a non-cutting nee-

dle with pledgets, the crural defect is approximated in a U-shaped man-
ner. The number of sutures will depend on the hiatal opening size. While 
intracorporeal knot tying can be performed, we prefer to use an extracor-
poreal knot here.

 (c) It is important not to narrow the hiatus during this part of the  
procedure.

 5. Creation of a short, loose fundoplication.
 (a) Grasp the posterior fundus, and pass it to the right posterior to the esopha-

gus, making sure that the proper portion of the fundus has been brought 
posterior. We confirm this by making a “shoe shine” maneuver with the 
stomach behind the esophagus.

 (b) Place two anchoring sutures of 2-0 silk between the stomach-esophagus-
stomach, making sure the sutures don’t take the anterior vagus nerve to 
complete the fundoplication. When finished, the fundoplication should be 
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loose and floppy. A 5-mm instrument should be able to be passed between 
the fundoplication and the esophagus easily. Although this step can be 
done without a calibrating bougie, most authors recommend the use of a 
54–60 Fr. bougie.

 (c) Assure hemostasis and port closure.

 II. Toupet Procedure (Partial 270° Fundoplication)

Although the orientation of partial fundoplication may be either partial 180° ante-
rior wrap (Dor), posterior, or lateral, we favor the laparoscopic Toupet procedure 
(270° posterior fundoplication) (Fig. 12.2).
 1. All the mobilization steps of the Nissen are performed first. The short gastric 

vessels also need to be mobilized in a Toupet fundoplication. The Penrose 
drain is removed now.

 2. The fundus is brought behind the esophagus so that the posterior portion of 
the fundus is visible. The blunt grasper from the left lateral 5 mm trocar is 
used to hold the fundus up for exposure to the left crus from the right side.

 3. Three 2-0 silk sutures are used to fix the fundus to the left crus. It is important 
to place these sutures first, as once the fundoplication is constructed, the left 
crus will not be easily seen. Intracorporeal suturing and knot tying is pre-
ferred in this step.

 4. Three 2-0 silk sutures are then placed on the posterior fundus to the right crus of 
the diaphragm. Intracorporeal suturing and knot tying is preferred in this step.

 5. Once the posterior fixation is completed, the anterior sutures are placed, three 
on the right and three on the left, approximating the fundus to the esophagus, 
so that the fundoplication incorporates 270° of the esophagus. The top suture 
on each side incorporates the fundus with the diaphragmatic crural sutures to 

Fig. 12.2 Toupet 
fundoplication
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make collar stiches. Care is taken to avoid the anterior vagus nerve during this 
portion of the procedure.

 Postoperative Care

 1. A nasogastric tube is not necessary.
 2. Pain is managed with per oral narcotics or ketorolac for the first 24 h and oral 

hydrocodone or NSAIDS thereafter as necessary.
 3. A barium esophagram is performed the morning after the surgery to confirm that 

the stomach is below the diaphragm. If this is confirmed, then room temperature 
or warm clear liquids are begun, and the patient is discharged. On the other hand, 
if the wrap has migrated cephalad into the mediastinum, the patient should be 
taken to the operative room for immediate revision of the fundoplication. We 
keep the patient on clear liquids for a few days, assuming the normal post op 
dysphagia is present. Otherwise the diet can be advanced to a puree diet.

 Immediate Postoperative Symptom Management

It is common for patients to have a change in the swallowing mechanism after a 
fundoplication. The key is to explain this preoperatively to all patients, so that these 
symptoms are expected, and the patients understand what to expect.

 1. Dysphagia: Postoperative dysphagia is a common symptom after fundoplication. 
It is our experience that a 360° wrap produces more dysphagia than a 270° wrap. 
The dysphagia can last up to 6 weeks. During this period, patients are placed on 
dietary modification. For the first 2–3 days, all patients are placed on a liquid 
only diet. If the dysphagia begins to dissipate rapidly (the norm), the diet is 
advanced to “smoothies” for 2–3 days. If the patients tolerate smoothies, then 
they are advanced to a solid diet. Patients are told to avoid bread, well-done 
meats, dry foods (white meat chicken or tuna), carbonated beverages, and cold 
liquids or food. This limitation is continued until the temporary dysphagia has 
resolved, usually a couple of months. If the dysphagia continues past 6 weeks, 
we study the patient with a barium esophagram. We have found this to generate 
more information than an EGD. Persistent dysphagia is usually secondary to a 
tight wrap. While we will perform endoscopic balloon dilation, these patients 
almost always need further surgery with loosening of the wrap or conversion to 
a partial fundoplication. It does take up to 2 months for all the swelling to go 
away from the fundoplication, so time should be allow for recovery with a need 
to study or instrument them before that time.

 2. Gas-bloat syndrome: This is a poorly understood syndrome with a wide variety 
of presentations. By far, most of the symptoms are mild and tend to disappear as 
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the swelling around the fundoplication goes away. It is seen much less in partial 
fundoplication than complete fundoplication. Patients must be instructed to 
avoid carbonated beverages and sipping hot liquids through a straw. The most 
common presentation is epigastric distention and discomfort after eating. 
Persistence with severe symptoms is very unusual but, if present, requires sur-
gery with take down of the wrap. “Gas pains” are part of this syndrome. It is 
secondary to the increase in swallowed air in the intestinal tract especially the 
splenic flexure area of the colon. It disappears over time, and it is associated with 
increased passage of flatus as well.

 3. Hiccough: It is a very common symptom in the early postoperative course of 
fundoplication. It is seen more often in those with GERD and large hiatal her-
nias. It is unusual to last more than 2 weeks.

 4. Shoulder pain: It is common to have referred pain from the phrenic nerve to the 
shoulders. C3 and C4 nerve root distribution of the phrenic nerve is in the neck 
and medial portion of the shoulder. It can be the most painful part of the surgery. 
It responds well to anti-inflammatory medication and an application of a local 
heating pad. It is unusual for this to last more than 2 weeks.

 Postoperative Complications

The most common reasons for failure are disruption of the sutures in the diaphragm 
causing a recurrent hiatal hernia fundoplication with cephalad migration of the wrap 
into the chest. This may also be the consequence of an improperly mobilized esoph-
agus. If there is no angulation of the stomach and the esophagus, this usually remains 
as an asymptomatic process. However, if angulation occurs, then dysphagia com-
monly occurs. It also can lead to disruption of the wrap and recurrence of the 
GERD. The primary treatment of recurrent reflux symptoms is medication. If medi-
cal treatment fails, revisional surgery may be needed.

In a study of 1751 patients that had a laparoscopic fundoplication for GERD, 109 
patients underwent revisional surgery after a median postoperative time of 26 months 
after the primary procedure. The indications for revisional surgery were dysphagia 
in 52 patients (47.7%), reflux in 36 (33%), paraesophageal herniation in 16 (14.6%), 
and atypical symptoms in 5 patients (4.6%). However, the success rate for revisional 
surgery is lower than primary surgery with least success in those patients in whom 
indication for revisional surgery was dysphagia [6].

The safety of laparoscopic fundoplication has now been established. Mortality is 
rare following an elective anti-reflux procedure, whether open or laparoscopic. 
Complications associated with surgical techniques and postoperative recovery have 
improved. Laparoscopic fundoplication has decreased the incidence of splenic 
injury compared to open surgery. Intraoperative esophageal or gastric injury is rare, 
especially if a bougie is not utilized. Cumulative results suggest an incidence of 
pulmonary embolism of less than 0.5%.
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 Postoperative Outcomes

Several studies have compared outcomes between a laparoscopic Nissen and the 
laparoscopic Toupet fundoplication. In general, the prevalence of postoperative dys-
phagia, gas-bloat syndrome, inability to belch, and reoperation rates seems to be 
higher in those patients undergoing Nissen fundoplication. However, dysphagia in 
those patients undergoing Nissen fundoplication seems to be a self-limited problem 
in the majority of cases. While a shorter operative time and higher postoperative 
lower esophageal sphincter pressures are associated with the Nissen fundoplication, 
both procedures have demonstrated equivalent improvement in quality of life and 
long-term control of GERD.
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13Laparoscopic Antireflux Surgery: 
Magnetic GEJ Augmentation
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 Introduction

Gastroesophageal reflux disease (GERD) is a common disease of the gastrointesti-
nal tract, with an increasing incidence, especially among people in western coun-
tries. The dominant treatment for patients with uncomplicated GERD is medical 
therapy in the form empiric anti-secretory therapy particularly proton pump inhibi-
tors (PPIs) combined with lifestyle modifications such as weight loss, elevation of 
the head of bed, smaller meal size, and avoidance of trigger foods. Despite this, 
almost 40% of patients have incomplete control of their symptoms despite high 
doses of medication [1, 2].

Until recently, the only alternative treatment was surgical reconstruction of the 
gastroesophageal junction with antireflux surgery, commonly Nissen fundoplica-
tion. Surgeons have used this operation for over 70 years since it was first published 
to control GERD [1]. Over the years, it has undergone various modifications but has 
remained essentially the same. Long-term outcomes of antireflux surgery show 
equivalent if not superior results to those on PPI therapy [2–4]. Despite these results, 
it is estimated that only 1% of patients with chronic GERD will be offered and 
undergo antireflux surgery [5, 6]. The reasons for this are multifaceted but are driven 
by patient and referring physician concerns about increased rates of flatulence, the 
inability to belch and vomit, and, most importantly, variance in efficacy and long- 
term satisfaction [2, 3].

Magnetic sphincter augmentation (MSA) was developed to address these issues 
while still providing long-term reflux control through a simple, standardized laparo-
scopic procedure. This chapter will review the development of the device, describe 
the current surgical technique for implantation, review the outcomes, and discuss 
the future directions of the device.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96122-4_13&domain=pdf
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 Magnetic Sphincter Augmentation Device

The magnetic sphincter device consists of a series of magnets coated in parylene 
and hermetically sealed inside titanium cases. The beads are interlinked together 
with titanium wires forming a flexible ring that rests around the LES in a circular 
fashion [7]. The magnetic attraction of the beads provides a sustained force to aug-
ment the LES barrier. When closed, the beads rest on the titanium struts near to each 
other but not touching in a “Roman arch” configuration (Fig. 13.1). This allows the 
ring to rest on the outer surface of the esophagus without compressing the distal 
esophagus. The magnetic force of the MSA device is highest when the device is 
closed and opens in response to a bolus of food passing through the gastroesopha-
geal junction (Fig. 13.2). The device is manufactured in different sizes, from 13 to 
17 beads, and is capable of almost doubling its size when fully expanded.

Magnetic
core

Titanium
wire

Titanium
case

Lowest resistance
when expanded

(0.07N)

Roman arch design
assures that the device

is non-compressive
when closed

Fig. 13.1 Roman arch 
design of the magnetic 
sphincter device. (Image 
courtesy of Torax Medical 
Incorporated)

Intra-
gastric

pressure

5–10
mmHg

Normal
peristaltic
pressures

35–80
mmHg

LINX system
yield pressure
~15–25 mmHg

a b

Fig. 13.2 Mechanism of action of the magnetic sphincter device. (a) MSA keeps LES closed. (b) 
MSA opens to food bolus. MSA magnetic sphincter augmentation, LES lower esophageal sphinc-
ter. (Image courtesy of Torax Medical Incorporated)
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 Toward Augmentation of the Lower Esophageal Sphincter

The concept of augmenting the lower esophageal sphincter (LES) was first described 
by Angelchik who developed an  implantable silicone prosthesis that he proposed as 
a device to reduce hiatal hernias but was found to also control GERD [6]. In an 
attempt to provide an explanation for the effectiveness of this device, Samelson 
et al., using canine models, placed 3 mm wide rubber bands calibrated at a pressure 
of 25 mm Hg at the level of the gastroesophageal junction in order to simulate the 
prosthesis [7]. He determined that the ligatures raised the gastric pressure at which 
the sphincter opened. Without a ligature, the opening pressure of the LES occurred 
with an infused volume of 1250 cc and a gastric pressure of 7 mm Hg, whereas a 
4 cm ligature around the GEJ allowed it to open 2250 cc and 18 mm Hg, respec-
tively. In a similar fashion, the initial ex vivo studies of the MSA device were per-
formed using a porcine stomach model with the pylorus ligated and a magnetic 
sphincter device placed around the LES with different magnetic forces. Water was 
perfused into the stomach through a posterior gastrotomy, and gastric yield pres-
sures were found to correlate directly with magnetic forces as measured with a 
manometry catheter [5].

The subsequent in vivo animal studies were done in ten live male Sinclair 
pigs since porcine peristaltic pressures are similar to those in humans. All the 
animals underwent implantation of the device with different magnetic forces 
and were followed closely for 20–44 weeks. These studies confirmed normal 
eating patterns with no observed effects on eating behavior or weight gain in 
any of the animals; that the esophageal mucosa appeared normal at all endosco-
pies and no erosion or migration was observed at necropsy; that the devices 
were confined to the esophageal adventitia and encapsulated in fibrous tissue; 
that average LES pressure rose from 22.9 to 35.6  mmHg after surgery but, 
interestingly, did not correlate with the increasing magnetic forces; and that 
esophageal peristaltic pressures were adequate to open the augmented LES, 
without changes in eating behavior, even at the highest closed magnetic force 
tested [5].

Human trials with MSA began with 38 patients undergoing implantation between 
February 2007 and October 2008 at four different centers in the USA and Europe, 
and their results were reported in four separate papers representing results defined 
as short term, 1–2 years, 4 years, and 5 years of follow-up [8–11]. The results in 
these initial 38 patients demonstrated initial improvements in symptom control, 
improvements in measured distal esophageal acid exposure, and 80–85% of patients 
free from daily PPI use. These results were sustained at the 1–2-year, 4-year, and 
5-year reports (Table 13.1).

With encouraging results from this initial trial, a larger multicenter trial began in 
January 2009 at 14 centers (13 in the USA and 1 in the Netherlands). The 3-year 
outcomes demonstrated that 64% of patients had achieved a reduction of 50% or 
more in the % time pH < 4 compared to baseline with a full 58% whose esophageal 
acid exposure normalized [12]. Additionally, a 50% reduction in the quality of life 
scores and a 50% reduction in the dose of PPIs were achieved in 92% and 93% of 
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patients, respectively. There was a significant improvement in the median DeMeester 
score from 36.6 to 13.5 at 1 year (p < 0.001). The 40% of patients identified with 
esophagitis at baseline decreased to 12% at year 1 and to 11% at year 2 (p < 0.001 
for both comparisons). With these encouraging results, MSA with the LINX® 
Reflux Management System received FDA approval in 2012 as an alternative option 
in the treatment of GERD (Table 13.2).

Table 13.1 Results of the feasibility trial

Author N Follow-up
GERD-HRQL
(Off PPIs)

PPI cessation
% (n) pH testing

Bonavina 
et al. [8]

38 Mean 
209 days 
(12–434)

Median: 
decreased from 
26 to 2.6 at 
6 months
p < 0.005

89% off PPIs at 
3 months

Median total % time 
pH < 4: from 8.4% to 
1.1%
p < 0.001
Median DeMeester 
score: from 29.3 to 
4.2a

p < 0.001
Bonavina 
et al. [9]

44 Median 
895 days 
(226–1144)

Mean: 
decreased by 
85% at 1 year 
and 90% at 
2 years
p < 0.0001

90% at 1 year 
and 86% at 
2 years off PPIs

Mean total % time 
pH < 4: from 11.9% to 
3.1% at 1 year and 2.4 
at 2 years. Both 
p < 0.0001
Mean DeMeester 
score: from 42.3 to 
11.9 at 1 year and 9.4 
at 2 years.b Both 
p < 0.0001

Lipham 
et al. [10]

44 Median 
3.7 years 
(119–
1827 days)

Mean: 
decreased from 
25.7 ± 6.4 at 
baseline to 
3.3 ± 3.7
p < 0.001

80% free from 
daily PPIs

Mean total % time 
pH < 4: from 11.9% to 
3.8%
p < 0.001
Mean DeMeester 
score: from 42.3 to 
14.7c

p < 0.05
Saino 
et al. [11]

44d 5 years Mean: 
decreased from 
25.7 to 2.9
p < 0.01
93.9% with at 
least 50% 
reduction in 
total score

87.8% (29/33) 
were off 
medication
93.9% achieved 
a reduction of 
50% or more in 
their daily dose

Mean total % time 
pH < 4 = from 11.9% 
to 4.6%
p < 0.01
Mean DeMeester 
score: from 42.3 to 
16.1 p < 0.01

a24/38 completed the esophageal pH testing
b40/44 completed their clinical and pH-metry assessment at either 1 or 2 years of follow-up
c20/44 completed esophageal pH testing at 3 years
d33/44 completed the 5-year follow-up and 20/44 patients completed esophageal pH testing at 
5 years
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 Indications

The indications for implantation of a magnetic sphincter are the same as for any 
other established surgical treatment for GERD. These patients have chronic symp-
toms of GERD documented by objective testing, a clinical response to PPI therapy, 
and desire an alternative to medical therapy.

There are specific recommendations to guide patient selection for MSA that 
include:

• Age > 18
• Typical GERD symptoms, at least partially responsive to PPIs
• Los Angeles grade A or B esophagitis
• Hiatal hernia < 3 cm
• BMI < 35 kg/m2

• Esophageal motility with >70% of effective swallows and distal wave amplitude 
> 35 mmHg

Furthermore, MSA is not recommended in the following situations:

• Large or paraesophageal hiatal hernias
• Los Angeles grade C or D esophagitis
• Barrett’s esophagus
• Prior esophageal or gastric surgery
• Need for MRI > 1.5 Tesla
• History of dysphagia

Table 13.2 Results of the pivotal trial

Author N Follow-up
GERD-HRQL
(Off PPIs)

PPI cessation
% (n) pH testing

Ganz 
et al. 
[12]

100 3 yearsa Median: 
decreased from 27 
at baseline to 2 at 
3 years
p < 0.005

87% (72/83) off 
PPIs at 3 years

Median total % time 
pH < 4: from 10.9% 
to 3.3% p < 0.001
Median DeMeester 
score: from 36.6 to 
13.5a

p < 0.001
Ganz 
et al. 
[16]

100b 5 years Median: 
decreased from 27 
at baseline to 4 at 
5 years
p < 0.001
83% with at least 
50% reduction in 
total score

75.3% were off 
PPIs at 5 years
89.4% achieved a 
reduction of 50% or 
more in their daily 
dose

No pH testing at 
5 years

a98/100 completed follow-up at 1 year, 90/100 at 2 years, and 85/100 at 3 years. 96/100 completed 
esophageal pH testing at 1 year
b85/100 completed 5-year follow-up

13 Laparoscopic Antireflux Surgery: Magnetic GEJ Augmentation



176

The only known absolute contraindications to implantation are an allergy to tita-
nium, stainless steel, nickel, or other ferrous materials and the presence of esopha-
geal cancer.

 Preoperative Evaluation

The preoperative evaluation of a potential patient for LINX implantation is the same 
as for any other antireflux procedure. It is recommended that patients undergo the 
standard tests of upper endoscopy, barium swallow, 24 or 48 h pH testing, and high- 
resolution manometry. Additional tests such as gastric emptying studies may be 
performed at the surgeon’s discretion.

 Surgical Technique

The surgical technique for implantation has evolved over the past 5  years since 
MSA was introduced in the USA. Initial implants were completed using a minimal 
dissection technique hoping to leave as much of the native structure of the reflux 
barrier intact. Over time it has been become recognized that some of the surgical 
principles of antireflux surgery must be maintained. Specifically, hiatal closure and 
restoration of intra-abdominal LES length are required so that the device is clearly 
secured around the distal esophagus just above the endoscopic gastroesophageal 
junction.

Patients are positioned in low lithotomy position under general anesthesia. Five 
ports are usually required positioned similarly to those used for fundoplication. We 
place a 11 mm camera port cephalad and to the left of the umbilicus, a 5 mm subxi-
phoid port for the Nathanson liver retractor, a 5 mm port at the left costal margin 
sited at edge of the greater curve, a 5 mm port at the left costal margin entering just 
above the left colon, and a 5 mm port in the right subcostal space (Fig. 13.3). The 
hiatus is probed carefully to assess for the presence of a hiatal hernia or diaphrag-
matic laxity (Fig. 13.4a small dimple and Fig. 13.4b – small HH).

We describe the original minimal dissection technique below. If used, it should 
only be used when patients with no hernia, a Hill grade 1 valve, and no laxity in the 
diaphragm at laparoscopy. At most centers performing MSA, a complete hiatal dis-
section has been adopted for all cases but especially if a hiatal hernia is detected 
and/or a Hill grade 2 or worse valve is encountered.

 Minimal Dissection Technique

Dissection begins by dividing the gastro-hepatic ligament with the hook cautery 
above and below to the hepatic branch of the anterior vagus nerve, thereby preserv-
ing it. The peritoneum is incised along the right crus adjacent to the esophagus at the 
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level of the hepatic vagal branch. Following the trajectory to the left side, the land-
ing zone along the left crus is freed up by taking the attachments down staying along 
the crural muscle until the edge of the esophagus is identified. We then tunnel along 
the crural pillars toward the landing zone in the retroesophageal space to allow a 
Penrose drain to come through this window. The hiatus is inspected posteriorly to 
assess for the presence of any unsuspected hiatal hernia. If there is one, the place-
ment of one or more posterior crural stitches is indicated. A tunnel is then created 
between the posterior vagus nerve and the esophageal wall, and the Penrose drain is 
passed through this tunnel to exclude the posterior vagal nerve.

The anterior and lateral attachments along the esophagus are dissected taking 
care not to injure the anterior vagal nerve but to expose the esophageal wall by 
bringing the fat pad onto the stomach. The MSA device sizing instrument is passed 
between the esophagus and the posterior vagus and wrapped around the esophagus 
at the level of the GEJ. Two measurements are taken to determine the size of device 
to be implanted. Finally the MSA device is placed through the opening between the 
vagus nerve and the esophagus and secured anteriorly with the anchoring clasp 

NLR

5 mm
5 mm

5 mm

11 mm

Fig. 13.3 Port placement. 
NLR Nathanson liver 
retractor
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a

b

Fig. 13.4 Intraoperative assessment of the hiatus. (a): Hiatus with a small “dimple” or minimal 
hiatal hernia (yellow arrow). (b): Hiatus with a small hiatal hernia (white arrow)
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(Fig. 13.5). A postoperative upper endoscopy is useful to confirm the correct place-
ment of the device on the distal esophagus just above the rugal folds.

 Complete Hiatal Dissection Technique

A complete hiatal dissection is undertaken to restore intra-abdominal length and is 
the same as the dissection used in preparation for a Nissen fundoplication. The hia-
tus is then closed primarily with sutures posteriorly until the opening matches the 
size of the esophagus. The posterior vagus is excluded, the esophagus sized, and the 
device implanted as described above.

 Postoperative Management

Postoperatively, patients are started on liquids and oral pain medication the day of 
surgery. Our preference is to obtain a barium swallow after the procedure to confirm 
the position of the device and assess esophageal emptying. Once this is confirmed, 
a regular oral diet is instituted with instructions to eat five smaller meals and to take 
a small amount of solid food each waking hour to “exercise” or activate the device 
into the open and closed positions.

Eating recommendations are given to every patient before discharge. In our opin-
ion, this is extremely important to decrease the rate of postoperative dysphagia. Patients 
are reminded that after the device is implanted, they need to eat slowly, avoiding large 
meals and the extremes of temperature. It’s preferred to eat smaller amounts of food 
more frequently rather than a few large meals. PPIs are stopped the day of surgery 
though some suggest reducing their PPI medication immediately after surgery to a half 
dose or switching to ranitidine 300 mg/day for 2 weeks and then stopping [13].

aFig. 13.5 Laparoscopic 
location of the magnetic 
sphincter after 
implantation. Yellow arrow 
marking posterior vagus 
nerve. HCL Hepatic 
caudate lobe, H Hiatus 
closed with three posterior 
stitches
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Follow-up is done in a scheduled fashion. Patients are seen 2 weeks after surgery 
with a chest x-ray in order to assess the device position. They are then seen at 
6  weeks, at 6  months, and at 12  months, then annually after the first year. We 
strongly recommend EGD, pH testing, and manometry 1 year after implantation. 
When the patient reports uncontrollable or new symptoms, evaluation is recom-
mended and is tailored to the symptoms but often includes upper endoscopy to 
assess for erosion.

 Complications

Complications after implantation of a MSA device are uncommon in clinical prac-
tice. In a safety analysis of the first 1000 device implantations and a follow-up of 
6 years, the overall event rates were 0.1% for intra-/perioperative complications; 
1.3% for readmissions, mainly in the early postoperative period; 5.6% for esophageal 
dilations required for dysphagia; 3.4% for reoperation for device removal with a 
median implant duration at time of device removal of 94  days (range 6–1302); 
and 0.1% for device erosion corresponding to 1 case in the late postoperative 
period [14].

The same trend followed a recent publication of more than 3200 devices 
implanted in the USA from 2012 to 2016 with a median implant duration of 1.4 years 
[15]. No perioperative deaths or life-threatening complications were reported. There 
were no device malfunctions or unanticipated events. The overall rate of device 
removal was 2.7% (89/3283) with dysphagia (52/89, 58.4%) and persistent reflux 
symptoms (19/89, 21.3%) being the most common causes of removal. The overall 
rate of device erosion was 0.15% (5/3283) and no migrations were reported.

Table 13.3 summarizes the complications reported in these two safety analyses 
of approximately 4000 patients implanted with MSA.

 Dysphagia

The most common side effect described by patients after magnetic sphincter aug-
mentation remains dysphagia, which occurs in two distinct patterns. The first is 

Table 13.3 Overall complications after MSA implantation

Study N

Perioperative 
complications
% (n)

Readmission
% (n)

Esophageal 
dilation
% (n)

Device 
removal
% (n)

Device 
erosion % 
(n)

Device 
migration 
%

Device 
malfunction 
%

Lipham 
et al. 
[14]

1048 0.1% (1) 1.3% (14) 5.6% (59) 3.4% (36) 0.1% (1) 0% 0%

Smith 
et al. 
[15]

3283 0% – – 2.7% (89) 0.15% (5) 0% 0%
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during the immediate postoperative period and is fairly predictable in time course 
and resolution since it closely matches the time period of scarring and encapsulation 
of the device. Although this is universally well tolerated, there is some individual 
variability in regard to both duration and intensity. The biggest success factor in the 
management of this has been the clinician and patient understanding and pre- 
procedural expectation setting regarding this process. Encouraging patients to have 
frequent small meals and avoid a liquid-only diet has helped maintain the ability to 
tolerate a diet through this early period of dysphagia. It has been rare that a true 
intervention such as dilation has been required to address this dysphagia. Early in 
the clinical experience, there was a tendency to want to take action through dilation, 
which potentially could have extended and increased the inflammatory process. For 
patients whose dysphagia is not well managed through counseling and diet, current 
best practice is to consider a short course of steroids to reduce inflammation and 
swelling and allow for the natural healing process to run its course prior to the con-
sideration of dilation [16].

The second pattern for dysphagia, which is much less common, does not appear 
to follow the expected time course described above. These patients have more sig-
nificant symptoms that may include repeated vomiting, severe chest pain, and food 
impaction. In these uncommon instances, these patients may have developed sec-
ondary spastic motility disturbances leading to chest pain. Alternatively, albeit rare, 
they may develop pseudoachalasia or secondary motility disorder simply from 
implantation of the device (Fig. 13.6a, b). Manometry is often helpful in these situ-
ations. These situations have also been reported after fundoplication and lap band 
implantation. Lastly, the development of new-onset dysphagia or worsening dyspha-
gia after a period of stability warrants further investigation particularly upper endos-
copy and/or barium swallow to evaluate for the potential for erosion or migration.

 Intra-/Perioperative Complications

Intraoperative and perioperative complications are reported to occur in 0.1% of cases 
[14]. The range of intraoperative complications is likely no different and probably less 
than Nissen fundoplication because of less dissection. Nevertheless, if they occur, 
they are generally related to performance of the laparoscopy. Similarly, perioperative 
complications are also likely related to the laparoscopy. Complications specific to 
MSA could include esophageal injury during the posterior dissection and exclusion of 
the posterior vagal nerve. In this situation, it is recommended to repair the injury using 
standard surgical principles and abort implantation of the device because of the poten-
tial risk for leakage and subsequent infection and erosion of the device.

 Device Removal and Migration

Early in the MSA experience, the most common reason for device removal was dys-
phagia with a reported incidence of 1.6% (17/1048) [14]. However, with increasing 
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a b

Fig. 13.6 High-resolution manometry of patient pre- and post-MSA demonstrating new dysmotil-
ity. (a): Pre-MSA manometry with almost normal motility. Esophageal body with 100% peristalsis, 
normal distal contractile integral (DCI) at 1553.5  mmHg-cm-s, and slightly elevated intrabolus 
pressure at 18.8 mmHg. Normal LES basal pressure at 8.5 mmHg (normal 4.8–32 mmHg) and 
normal integrated relaxing pressure (IRP) at 12 mmHg. (b): Post-MSA manometry 2 months after 
extraction with abnormal motility defined by esophageal body with 100% peristalsis and normal 
DCI, but with a notable compartmentalized esophageal pressurization. Increased IBP of 27.2 mmHg. 
Increased LES basal pressure at 33.4 mmHg with abnormal relaxation (IRP) of 21.1 mmHg

experience and better management, the rate of dysphagia has decreased, and the 
need to remove the devices is becoming less common. Still, dysphagia is the most 
likely reason for device removal. Device removals for MRI preparation have also 
become less common with the most recent version of the device, which is compati-
ble with a 1.5 Tesla magnet. The term migration evokes the idea that the device has 
moved, but, in patients undergoing reoperation, the device is usually found at the 
gastroesophageal junction but that the junction has migrated through an unrecog-
nized hiatal hernia. Verbal communication with other surgeons suggests that many 
are dissecting out the device, restoring esophageal length, and reclosing the crura to 
reconstruct the hiatus in order to preserve the device. Alternatively, the patient and 
surgeon may opt to remove the device and then re-site it or convert to a Nissen or 
Toupet fundoplication depending on the presence or absence of GERD symptoms.

 Device Erosion

Device erosion remains a rare event. Updated data over and above the most recent 
safety analysis confirms 13 known cases of erosion with a rate of occurrence of 
less than 0.2% that is significantly lower than the larger devices of lap band or 
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Angelchik. Current understanding is that erosions generally occur around 
24 months post implant. They are often detected by a change in status with the 
development of new- onset GERD or more commonly dysphagia. All device ero-
sions have been successfully removed endoscopically [17] or laparoscopically 
[20]. Current best practice is to remove it endoscopically because it preserves the 
external planes intra- abdominally and allows for elective conversion to another 
antireflux procedure if the patient remains symptomatic after the esophageal wall 
has healed.

Several endoscopic options have been reported. First, an Olympus Endoloop 
Cutter (Olympus Medical Systems, Center Valley, PA, USA) (Fig. 13.7a, b) can 
be used to cut the titanium bar between the beads and gently extract it from the 
tunnel. Second, a newly developed DC Clip Cutter, which was made to remove 
the Over- the- Scope Clip (Ovesco Endoscopy AG, Tubingen, Germany), was used 
to cut the titanium bar [17]. This device is described as a bipolar grasping device 
that is connected to an electrical generator producing direct current impulses and 

a

b

Fig. 13.7 (a): Endoscopic 
view of an eroded MSA 
device. (b): Undergoing 
removal with an endoloop 
cutter
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fits via the 3.2 mm working channel of a therapeutic endoscope. Lastly, it’s pos-
sible that using an endoscopic/ERCP mechanical lithotripter device (Olympus 
Medical Systems, Center Valley, PA, USA) will snap the titanium wire by looping 
a guide wire around the titanium bar and withdrawing both ends of wire. The 
wires are then threaded through the reusable outer sheath and into the handle, 
thereby allowing the loop of wire to tightened around the device using the wire to 
disrupt the device.

 Gastroparesis

Anecdotal reports of gastroparesis developing after MSA implantation have been 
circulated though none have been reported in the published literature. The mecha-
nism for this development remains unclear since this would require both vagal 
nerves to be divided. Even in patients who have experienced device erosion where 
the anterior vagal nerve is potentially in jeopardy, there have been no reported cases 
of gastroparesis. Standard treatment for the gastroparesis is recommended until fur-
ther information is elucidated.

 Outcomes of Magnetic Sphincter Augmentation

 Observational Single-Arm Studies

At present, single-arm observational studies have reported both short- and long- 
term outcomes including the primary studies leading up to FDA approval [13, 16] 
(Tables 13.1, 13.2, and 13.4). Short-term outcomes have reported generally at 
1 year of follow-up. These studies show consistent improvement in symptom con-
trol as evidenced by improvements in GERD-HRQL and freedom from PPIs rang-
ing from 75% to 89%. Objective evidence of reflux assessed by pH probe analysis 
show a range of normalization from 50% to 85% including the MSA arm of the 
comparative trials. This has improved over time likely due to increasing 
experience.

At present, there is only limited long-term follow-up data. Ganz et al. reported on 
the long-term outcomes on 100 patients who formed the initial study cohort [18]. 
With an 85% (85/100 patients) of 5-year follow-up, 83% of patients achieved a 50% 
or greater reduction in GERD-HRQL scores, and median GERD-HRQL scores off 
PPIs decreased from 27 at baseline to 4 after 5  years of surgery (p  <  0.001). 
Moreover, they obtained a decrease in patients who reported moderate to severe 
heartburn from 89% to 11.9% and regurgitation from 57% to 1.2% (p < 0.001 for all 
comparisons). When analyzing the use of PPIs, 75.3% of patients were off medica-
tion at 5 years, and 9.4% used them only as needed. Furthermore, this group reported 
endoscopic outcomes. Healing of esophagitis occurred in 26 of 34 patients at 5 years 
(76.5%), and in patients without it at baseline, 43 of 48 (90%) continued to have no 
esophagitis, whereas 4 patients developed grade A and 1 patient grade B 
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esophagitis. Similar results were reported by Saino et al. who reported on the first 
44 patients undergoing MSA.

 Comparative Outcomes with Fundoplication
Although there are no randomized clinical trials published comparing MSA vs stan-
dard antireflux operations, there have been several comparative studies.

There have been four predominantly single- or dual-center comparative studies 
comparing the outcomes of magnetic sphincter augmentation to Nissen fundoplica-
tion with follow-up limited to about 12 months [19–22]. These studies show that 
MSA results in similar improvements in GERD-HRQL when compared to Nissen 
fundoplication and similar rates of freedom from PPIs in the studies reporting that 
outcome. Only one study reported objective pH testing postoperatively and showed 
significant improvements from preoperatively but also significant differences favor-
ing Nissen fundoplication [20]. One trial compared MSA to Toupet fundoplication 
with median follow-up of 45  months and showed equivalent improvements in 
GERD- HRQL and PPI utilization post procedure [23] (Table 13.5).

A large multi-institutional study of 354 patients with at least 12 months of fol-
low- up compared MSA with Nissen fundoplication both overall and in a propensity- 
matched analysis [24]. This study showed that MSA in patients with uncomplicated 
GERD results in equivalent symptom control, improved quality of life with less 
adverse effects, but lower rate of freedom from PPI when compared to fundoplica-
tion. There was significant improvement in GERD-HRQL scores compared to base-
line (from 21 to 3 for MSA and from 19 to 4 for LNF), with no significant differences 
between groups. Patients with MSA had a more physiologic sphincter based on the 
ability to belch and vomit (MSA 96% and 95% vs LNF 69% and 43% p < 0.001). 
After propensity matching, the MSA group still had significantly a lower freedom 
from PPI when compared to NF (76% vs 88%).

Table 13.4 Short- and medium-term outcomes

Author N Follow-up
GERD-HRQL
(Off PPIs)

PPI cessation
% (n) pH testing

Bonavina 
et al. [13]

100a Median of 
3 years

Median: improved 
from 24 at baseline to 
2 at last follow-up

85% off PPI 
at last 
follow-up

Median total % 
time pH < 4: from 
8% to 3.2%
p < 0.001
Median DeMeester 
score: from 30.1 to 
11.2
p < 0.001

Czosnyka 
et al. [16]

102 Mean of 
7.6 months

Median: improved 
from 27 at baseline to 
5 at last follow-up 
(p < 0.001)

– –

a95% with follow-up ≥1 year (1 year, n = 42; 2 years, n = 8; 3 years, n = 15; and 5 years, n = 30). 
Esophageal pH testing done on 30/100 patients with a mean follow-up for esophageal pH testing 
of 4.2 years
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 Factors Influencing Outcomes of MSA

Despite fairly consistent results across multiple studies with symptomatic improve-
ment in 80% and freedom from PPIs in 75%, there are still some patients who do 
not attain the benefits of MSA. It is not entirely clear why certain patients do not 
benefit from MSA, but several factors have been identified that are likely to influ-
ence the outcomes of MSA.

The first factor is the need to convert a defective lower esophageal sphincter into 
a competent sphincter since restoration of these characteristics is directly related to 
reflux control [25, 26]. In patients with a deficit in one or more of these components 
of the LES, resting pressure < 6 mmHg, total LES length < 2 cm, or intra-abdominal 
LES length < 1 cm, the ability of MSA to restore the LES to normal was 77% in 
patients with only one structural defect compared to 56% in patients with two or 
three defects [27]. Patients who converted to a normal sphincter had better reflux 
control and were less likely to be on PPIs compared to patients who remained with 
a defective sphincter.

The second factor is the patient’s characteristics. A recent multivariable analysis 
of 170 patients implanted with a MSA device identified that excellent/good out-
comes (defined by GERD-HRQL scores <15, no PPI use, and grade A or no esopha-
gitis) were negatively impacted by BMI > 35 (OR  =  0.9, p  =  0.02), elevated 
preoperative LES residual pressure (OR = 0.92, p = 0.03), and structurally defective 
LES, while the presence of a Hill grade 2 valve trended toward significance [28]. 
The negative impact of BMI in the outcomes of MSA is understandable through 
several mechanisms that have been studied before: elevated BMI increases the pres-
sure gradient between the abdominal cavity and the intrathoracic esophagus [29], 
higher BMI patients are associated with increased transient LES sphincter relax-
ations or shortenings that promote postprandial reflux events [30], and higher BMI 
patients are more likely to have a structurally defective sphincter and defective 
esophageal acid clearance [31, 32].

The fact that a defective valve affects outcome also makes sense since one of the 
key points in every antireflux procedure is restoring intra-abdominal esophageal 
length and, therefore, helping to restore the basal LES pressure. It is likely that the 
surgeon controls some of the ability to help restore a structurally defective LES by 
carefully assessing the hiatus and restoring intra-abdominal length and hiatal closure. 
There is likely some interplay between the Hill grade and how the surgeon assesses 
and repairs the hiatus. A Hill grade 4 valve is likely to undergo complete dissection 
and repair which will restore length and therefore pressure, whereas a Hill 2 valve 
may appear relatively normal at laparoscopy and not have as much length restored 
when a simple cruroplasty is performed rather than a complete dissection [28].

 Potential Indications for MSA

Although the initial implantation criteria for MSA are restricted to patients with 
GERD symptoms with hiatal hernias less than 3 cm in size and normal motility, 
MSA, theoretically, can be used in almost any situation where augmentation of the 

M. Mihura and B. E. Louie



189

LES is required. It must be remembered that these extended indications are based 
on surgical judgment and not on the basis of any body of evidence or literature.

The most obvious consideration by foregut surgeons is to use MSA in hernias 
that are larger than 3 cm and might even be classified as paraesophageal hernias. 
Several centers are currently enrolling patients with sliding hiatal hernias that are 
4–7 cm into a 5-year follow-up registry. Early results from 1 center have shown that 
it is feasible to implant the device in 52 patients with a hernia between 3 and 7 cm. 
At a median follow-up of 12 months, GERD-HRQL decreased from 20.5 to 3.6 and 
had lower PPI use compared to patients with hernias < 3 cm and similar rates of 
dysphagia [33]. There were no recurrences at this early follow-up. Additionally, 2 
centers enrolled 200 patients with 78% of patients having hernias larger than 5 cm 
and/or a paraesophageal hernia. All hernias were primarily repaired with 83% hav-
ing an absorbable mesh onlay followed by implantation of a magnetic sphincter 
device [34]. At a median follow-up of 8.6  months, 156 patients had improved 
GERD-HRQL scores and freedom from PPIs in 94%. Objective follow-up was 
completed in only 51 patients with 3 asymptomatic hernias (<3 cm) and 1 symptom-
atic hernia (8% recurrence 4/51) who underwent successful hernia repair without 
MSA manipulation.

One area of particular interest where MSA might play a key role is in the man-
agement of GERD in patients who are post sleeve gastrectomy. The LES is likely to 
be rendered weaker after a sleeve gastrectomy due to division of some of the collar 
sling fibers that enhance the angle of His. Loss of the angle reduced the intrinsic 
LES pressure significantly, thereby allowing easier egress of reflux into the esopha-
gus [35, 36]. Augmentation of the weakened LES with a magnetic sphincter is an 
attractive option for these patients whose only alternative is conversion to a Roux- 
en- Y gastric bypass, an operation they often decline when discussing the options for 
weight loss surgery. A pilot study of seven patients undergoing MSA after sleeve 
gastrectomy confirmed feasibility of placement as well as improvement in their 
symptoms at very early follow-up of 4 weeks [37]. A larger trial is underway in 
Europe currently and planning for a US trial is also well underway.

Patients experiencing GERD after a Roux-en-Y gastric bypass for weight loss 
are much less common than patients post sleeve. The mechanism of action in this 
group is less clear though loss of the angle of His, a relatively large pouch, and some 
dilation of the distal esophagus likely contribute to the development of GERD. A 
single-case series of two patients is reported showing improvement in GERD- 
HRQL [38].

 Conclusion

Magnetic sphincter augmentation with the LINX® Reflux Management System 
is a novel device made of an expansible bracelet of magnetic beads designed to 
be placed around the gastroesophageal junction with a standardized laparo-
scopic procedure. This device can augment the function of the lower esophageal 
sphincter by preventing premature opening of the sphincter, thereby preventing 
reflux of gastric contents into the lower esophagus, while maintaining the ability 
to permit the passage of the food bolus and to belch and vomit. Magnetic sphinc-
ter augmentation has demonstrated in multiple studies consistent improvements 
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in patient symptoms as measured by the GERD-HRQL instrument, freedom 
from PPIs, and improving objective pH control. These outcomes confirm that 
MSA is an effective method of controlling troublesome GERD symptoms. 
Future studies are required to determine its role outside of the initial indications 
for its use.
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14Laparoscopic Anti-reflux Surgery: 
Laparoscopic Roux-en-Y Gastric Bypass

Matthew Dong and Daniel M. Herron

 Indications

Initially described by Mason in 1966, the Roux-en-Y gastric bypass (RYGB) 
became one of the most effective operative strategies for the management of morbid 
obesity. Many feel that it remains the gold standard treatment of morbid obesity, 
particularly with associated diabetes. In this population, RYGB has been demon-
strated to result in a reduction in comorbid conditions and gastroesophageal reflux 
disease (GERD) in particular. The mechanisms for this are likely multifold: (1) 
reduction in the high gastroesophageal pressure gradient due to weight loss, (2) 
decreased acid exposure of the lower esophagus due to the separation of the antrum 
from the gastric pouch, and (3) improved clearance of gastric secretions and reflux 
from the distal esophagus due to improved drainage via the gastrojejunostomy.

As it treats both morbid obesity and weight-related medical comorbidities, 
RYGB should be offered as a first-line intervention for GERD in patients whose 
BMI is 35 kg/m2 or greater. A recent study demonstrated a greater than 70% reduc-
tion in acid-reducing medication use in morbidly obese patients with GERD follow-
ing RYGB after 1 year [1]. Because of the risks associated with RYGB, including 
dumping syndrome, marginal ulceration, and internal hernia formation, it should 
not be considered as a primary therapy for GERD in patients with a lower 
BMI. Patients who have had a previous anti-reflux surgery who demonstrated recur-
rence of their GERD symptoms require a complete preoperative evaluation to con-
firm the diagnosis of true recurrent reflux. This includes upper endoscopy, upper GI 
series, and 24-h pH monitoring. In cases where esophageal dysmotility is suspected, 
preoperative manometry is mandatory, as this is a contraindication to 360° fundopli-
cation and is a relative contraindication to partial fundoplication. Discovery of a 
malpositioned fundoplication or paraesophageal hernia can be addressed with 
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revision of the wrap. In cases of true recurrent GERD and no anatomic alterations 
of an appropriately placed fundoplication, RYGB remains an excellent secondary 
option for patients who have failed fundoplication or lower esophageal sphincter 
augmentation.

 Patient Positioning and Room Setup

The patient is prepared in the perioperative area in the usual fashion. Perioperative 
antibiotics to cover skin flora and DVT chemoprophylaxis are administered prior to 
incision. Pneumatic sequential compression stockings are placed. Following the 
induction of general anesthesia, the patient is placed in the supine, split leg position, 
with the arms extended. Alternatively, the patient may be positioned supine, with a 
foot board. Placement of a Foley catheter is not necessary except in cases where a 
particularly long or difficult dissection is expected.

 Operative Technique

 Establishment of Pneumoperitoneum

Intra-abdominal access may be obtained using a 5 mm optical trocar, most com-
monly in the left upper quadrant. Alternatives include Veress needle or Hasson cut-
down techniques. The abdomen is insufflated to 15 mmHg, and remaining trocars 
are placed under laparoscopic vision.

 Trocar Placement

A 12 mm trocar is placed to the right of midline approximately two handbreadths 
below the xiphoid, with additional 5 mm trocars to the left of center at the same 
level as the 12 mm trocar and in the right upper quadrant at the midclavicular line, 
to create a lazy-U configuration. It is important that trocars not be placed too low in 
the abdomen such that they may restrict access during the dissection of the fundus 
and that they be placed widely enough to not interfere with one another while work-
ing from distance. A 30° laparoscope generally provides adequate visualization, but 
a 45° laparoscope may be employed as well.

 Liver Retraction

A Nathanson liver retractor is placed via a subxiphoid incision. Access to the abdo-
men may be obtained using either a 5 mm trocar obturator or with a Tonsil clamp. 
The liver should be retracted to expose the angle of His and the gastrohepatic 
ligament.
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 Creation of the Gastric Pouch

The angle of His is mobilized away from the diaphragm. A window is then made in 
the gastrohepatic ligament just medial to the gastric wall using an advanced bipolar 
sealing and cutting device, approximately 5 cm distal to the gastroesophageal junc-
tion. Dissection is then performed bluntly into the retrogastric space. This preserves 
function of the vagus nerve. Alternatively, the dissection may be initiated by divid-
ing the Pars flaccida to gain access to the lesser sac.

The stomach is then sequentially divided using a linear GIA stapler. The initial 
staple firing is made perpendicular to the lesser curve of the stomach, 5 cm below 
the gastroesophageal junction. The line of division is then carried superiorly toward 
the angle of His and just lateral to the anterior fat pad to create an approximately 
15–20 cc pouch.

 Gastrojejunostomy

There are three common techniques for creating the gastrojejunostomy: linear sta-
pler, EEA stapler, and hand-sewn. Each technique has numerous sub-variants. Here, 
we describe our techniques for each.

 Linear Stapler
A gastrotomy is created with either a monopolar hook or ultrasonic shears, posterior 
to the inferior portion of the staple line. Use of a bougie for counterpressure may be 
useful. The transverse mesocolon is elevated, and the ligament of Treitz is identi-
fied. The small bowel is run 50 cm, and an enterotomy is made. Utilizing a 45 mm 
gastric load linear stapler, a gastrojejunostomy is created. The goal anastomotic size 
is approximately 26–27 mm, to reduce the chance of stricture. The common enter-
otomy is closed with running 3-0 Vicryl suture in two layers. The small bowel is 
then divided with a bowel load GIA stapler. Alternatively, the small bowel may be 
divided prior to formation of the anastomosis.

 EEA
In similar fashion, the small bowel is divided 50 cm distal to the ligament of Treitz. 
The staple line is removed from what will eventually become the Roux limb. An 
anvil attached to a delivery tube is introduced transorally and passed through the 
esophagus until the axle passes through a small gastrotomy. The delivery tube is 
removed when the anvil is in appropriate position in the gastric pouch. A lateral 
trocar site is dilated, and a 25 mm EEA is used to create the anastomosis. The cut 
end of the small bowel is closed and then removed by dividing with a GIA stapler.

 Hand-Sewn
The gastrojejunostomy can also be performed with a hand-sewn technique. This can 
be performed on the anterior or posterior surface of the gastric pouch. A posterior 
outer layer with permanent or absorbable suture is created, and a linear gastrostomy 
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and enterotomy are created approximately 25 mm in length. The anastomosis is 
then completed with running absorbable sutures for the inner layer followed by an 
anterior outer layer.

 Jejunojejunostomy

With the small bowel previously divided 50 cm from the ligament of Treitz, a small 
enterotomy is made on the antimesenteric portion of the small  bowel just proximal 
to the staple line. It is not necessary to notch the small bowel mesentery using this 
technique. The Roux limb is then run to the desired length, generally 100–150 cm. 
An antimesenteric enterotomy is then made in the Roux limb, and a generous anas-
tomosis is made with a 60 mm bowel load GIA stapler. The common enterotomy is 
then closed either with 2-0 absorbable suture or may be approximated with inter-
rupted sutures and then closed with an additional firing of the GIA stapler. If the 
latter technique is used, an anti-obstruction stitch between the Roux limb and the 
stapled end of the biliopancreatic limb is recommended.

 Closure of Defects

In order to reduce the risk of internal hernia, the jejunojejunostomy mesenteric 
defect is closed using a running 3-0 silk suture. This suture line can be continued to 
create a second layer closure of the jejunojejunostomy. The space posterior to the 
Roux limb (the so-called pseudo-Petersen’s space) is closed in a similar fashion. 
Trocar sites larger than 10  mm are closed with an absorbable suture utilizing a 
suture passer.

 Leak Test

Prior to the conclusion of the operation, an intraoperative endoscopy is performed. 
This grants an opportunity to assess the patency of the gastrojejunostomy, to assess 
for anastomotic site hemorrhage, and to perform a leak test. The Roux limb is 
clamped with a bowel grasper and the gastric pouch insufflated with the pouch sub-
merged in saline to assess for air leak. If present, this can typically be addressed 
using interrupted sutures.

 Drains

Placement of closed suction drains is generally unnecessary but may be considered 
in cases with particularly difficult dissections or if there is concern with the gastro-
jejunostomy. If there is significant concern regarding the gastrojejunostomy, place-
ment of a feeding remnant gastrostomy may be appropriate as well.
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 Special Considerations

 Hiatal Hernia

A small hiatal or paraesophageal hernia is not a contraindication to Roux-en-Y 
gastric bypass for GERD, and it may be addressed at the time of surgery. After 
completely dissecting the hernia sac, the hiatus should be closed with permanent 
sutures. Placement of reinforcing mesh is not recommended. As the pouch will not 
accommodate a fundoplication, multiple pexy sutures may be placed between the 
pouch and diaphragm and the distal esophagus and diaphragm to keep the pouch 
within the abdomen. As in standard hiatal hernia repair, generous mobilization of 
the distal esophagus is critical to ensure a tension-free repair. A postoperative upper 
gastrointestinal series is recommended. Early postoperative recurrence should be 
treated with revision. Asymptomatic late recurrence does not require further 
intervention.

 Previous Fundoplication

Revisional foregut surgery is challenging, as normal anatomic tissue planes may be 
obscured by scarring and postoperative anatomy can be quite variable. The liver is 
frequently scarred to the anterior wall of the stomach, and the dissection of this 
plane is often the first step in adequately visualizing and assessing the patient’s 
anatomy. In taking down any previous fundoplication or other lower esophageal 
sphincter bolstering surgery, it is necessary to identify key structures. Intraoperative 
endoscopy can be helpful in multiple regards: identifying anatomy, inspecting an 
anastomosis, or performing a leak test. An upper gastrointestinal series on postop-
erative day 1 is recommended in any case of revisional foregut surgery.

 Postoperative Management

Patients are transferred to the postanesthesia recovery unit. In the absence of contra-
indications, postoperative use of ketorolac and/or IV acetaminophen is routinely 
employed. Pain is initially managed with these agents and IV narcotics as needed. 
Patient-controlled analgesia (PCA) is generally unnecessary but is a reasonable 
option if these measures are insufficient. Patients are also initiated on an anti-nausea 
regimen, including scheduled ondansetron, scopolamine patch, and as needed 
trimethobenzamide.

Most patients can be transferred to a regular nursing floor, but step-down with 
continuous pulse oximetry may be necessary dependent upon the patient’s medical 
comorbidities. Bariatric phase I diet is initiated either on the day of surgery or on the 
morning of the first postoperative day, and the patient is initiated on oral pain medi-
cations. Patients may be discharged home on the afternoon of postoperative day 1 if 
they are able to tolerate their diet and their pain is adequately controlled.
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 Postoperative Complications and Management

 Bowel Obstruction

Small bowel obstruction or acute-onset abdominal pain in a patient with a known 
history of Roux-en-Y gastric bypass should always raise concern for the possibility 
of internal hernia. Although CT scan may be diagnostic and assist in cases with an 
equivocal history or exam, a negative CT scan does not rule out the possibility of 
internal hernia. The presence of a mesenteric swirl on CT is very specific but often 
not present. If internal hernia is suspected, a diagnostic laparoscopy is warranted 
since failure to promptly identify this complication can be catastrophic. Internal 
hernia may present at any point following gastric bypass, not only in the early post-
operative period.

Other causes of gastrointestinal obstruction following gastric bypass include 
adhesions and kinking at the jejunojejunostomy. Symptoms frequently usually 
include pain, with nausea and vomiting less common. Diagnostic uncertainty often 
results from the fact that obstruction of the biliopancreatic limb may not result in 
nausea or emesis.

Internal hernia is treated with reduction of the hernia and closure of the defect 
with a running permanent suture. An adhesive obstruction is managed with adhe-
siolysis, and obstruction at the jejunojejunostomy may be due to stricture or 
intussusception and is variously treated with bypass of the affected area, recon-
figuration of the anastomosis, or resection and reconstruction of the 
anastomosis.

In all cases of small bowel obstruction after gastric bypass, the small bowel  
must be run in its entirety and the patient’s anatomy confirmed prior to any 
intervention.

 Anastomotic Leak

Leak is a rare but potentially devastating early complication of gastric bypass. 
Although routine upper gastrointestinal series imaging is not required for primary 
Roux-en-Y gastric bypass, a low threshold for a contrast study is prudent. In patients 
with unexplained, persistent tachycardia or epigastric symptoms, an upper GI series 
should be obtained. If demonstrating a leak or if suspicion is high, a diagnostic lapa-
roscopy is appropriate management.

During reoperation, an intraoperative leak test should be performed by instilla-
tion of air or blue dye into the gastric pouch. If an area of leak is identified, a pri-
mary repair and omental patch should be performed. A closed suction drain should 
also be placed. If no leak is identified after adequate investigation, placing a closed 
suction drain and observing the patient are appropriate.

In cases where severe inflammation is present and tissues are unable to be reap-
proximated, an omental patch and remnant gastrostomy tube placement is 
appropriate.
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A delayed presentation leak is often amenable to CT-guided drainage and non-
operative management with NPO, antibiotics, and TPN. In these cases, a negative 
upper GI should be obtained before initiation of oral feeding.

 Bleeding

Acute postoperative bleeding (within the last 72 h) may initially present with unex-
plained, persistent tachycardia, shortness of breath, or vague upper gastrointestinal 
symptoms, creating diagnostic uncertainty as symptoms can mimic leak or DVT/
PE, and these other complications should be ruled out in the absence of obvious 
gastrointestinal bleeding. Management varies depending upon the suspected loca-
tion of the bleeding and the stability of the patient. The most common site of bleed-
ing is from the cut edges of the stable lines.

Most commonly, non-operative management is sufficient, with fluid resuscita-
tion, blood transfusion, and close observation alone. If significant endoluminal 
bleeding from the gastrojejunostomy is suspected, endoscopic intervention with 
endoscopically placed clips may be adequate. If these measures fail, operative inter-
vention is warranted.

 Marginal Ulcer

Perianastomotic ulceration is relatively uncommon following Roux-en-Y gastric 
bypass, but it can be a chronic and frustrating problem to manage when it does 
occur. Ulcers tend to form in the small bowel just distal to the gastrojejunostomy 
and are associated with chronic NSAID and tobacco use.

A thorough history and physical is mandatory in patients in whom the diagnosis 
is being considered. Patients may present with chronic burning epigastric pain, nau-
sea, or other upper gastrointestinal symptoms, generally exacerbated by oral intake. 
Upper endoscopy is the confirmatory test of choice. Treatment consists of removal 
of the inciting stimulus, be it tobacco, use of NSAIDs, or occasionally reaction to 
suture material at the anastomosis. In the latter case, the foreign body can typically 
be easily removed endoscopically. Additionally, acid reduction with proton pump 
inhibitors and treatment with sucralfate or bismuth subsalicylate promote healing of 
the ulcer. H. pylori if present should be eradicated; typical regimens include proton 
pump inhibitors, clarithromycin, and amoxicillin, with or without metronidazole, or 
quadruple therapy with bismuth subsalicylate, metronidazole, tetracycline, and a 
PPI. Eradication should be ensured with urea nitrogen breath test, stool antigen test, 
and/or endoscopic biopsy where clinically appropriate. Finally, an interval endos-
copy 4–6 weeks after definitive treatment of the underlying etiology should be per-
formed to confirm resolution.

Patients without an obvious etiology for marginal ulcer or with ulcers refractory 
to the above measures should be investigated for gastro-gastric fistula with an upper 
GI series.
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 Stricture

Anastomotic stricture is a late complication following Roux-en-Y gastric bypass. It 
may occur in isolation, likely secondary to ischemia or technical error, or secondary 
to another condition, such as marginal ulcer. A careful history should be obtained, 
as symptoms may mimic normal postoperative changes. Postprandial epigastric or 
substernal pain, particularly with solid foods, despite appropriate measures of using 
small bites and thorough chewing of food boluses, is classic.

Diagnosis is confirmed with EGD, which also affords an opportunity to treat dur-
ing the same procedure. Esophageal balloon dilators may be employed and are gen-
erally effective. Progressive dilation to a stomal diameter of 15–20 mm is appropriate. 
Perforation is rare and if small can generally be managed conservatively. Surgical 
revision is rarely required for anastomotic stricture but is indicated in cases where 
endoscopic dilation is not technically feasible or if the stricture recurs after multiple 
interventions.
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 Introduction

The prevalence of gastroesophageal reflux disease (GERD) in Western countries 
ranges from 10% to 20% of the population [1]. Of those who suffer from GERD, as 
many as 40% will not respond to medical treatment [2]. Furthermore, the adverse 
effects of long-term proton pump inhibitor (PPI) use are not insignificant. 
Laparoscopic fundoplication offers improvement in control of symptoms and qual-
ity of life but comes with need for general anesthesia, surgical incisions, and risks 
inherent to any laparoscopic procedure. Symptom recurrence postlaparoscopic fun-
doplication can occur. Typically this requires reintroduction of PPI or sometimes 
revisional surgery. There is emerging data that endoscopic solutions can provide 
less invasive alternative therapies to treat GERD.

Endoscopic devices developed to treat GERD have been used since 2001 [3]. 
Several different approaches have been employed that alter the gastroesophageal 
junction to decrease reflux, namely, (i) implantation of prostheses to narrow the 
lumen, (ii) radiofrequency (RF) energy to induce remodeling, and (iii) sutured fun-
doplication. Devices designed to implant prostheses at the GEJ are no longer on the 
market largely because of rare but serious complications. Three endoscopic devices 
currently have FDA approval – Stretta®, EsophyX™, and MUSE™ – and are dis-
cussed below in further detail. A summary of these devices and their predecessors is 
outlined in Table 15.1.
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 Stretta® (Mederi Therapeutics)

The Stretta® procedure delivers radiofrequency (RF) energy to the lower esopha-
geal sphincter (LES). Reflux is felt to be improved as a result of subsequent remod-
eling and thickening of the LES, leading to a reduction in compliance and an 
increase in basal pressure.

Stretta® can be safely used in patients with large hiatal hernias (>3 cm), short 
segment Barrett’s esophagus, or even prior fundoplications [4, 5]. Erosive esopha-
gitis should be treated medically until healed prior to performing Stretta.

The procedure begins with upper endoscopy to identify the location of the gas-
troesophageal junction. The RF delivery catheter, composed of four nickel-titanium 
treatment elements distributed radially around a balloon, is then delivered and posi-
tioned 2  cm proximal to the squamocolumnar junction. After insufflation of the 
balloon, the treatment elements are deployed 1–2 mm into the LES muscle to deliver 
the thermal treatments (Fig. 15.1). Temperature and impedance are measured along 
each treatment element by a RF generator system, and chilled water from the cath-
eter irrigates the esophageal mucosa to prevent injury. Additional treatment sets are 
performed by rotating the catheter 45° and varying its linear position. A total of 
15–25 treatment sets are created in most patients [4, 5].

A systematic review and meta-analysis published in 2012 by Perry et al. showed 
that RF treatment resulted in statistically significant improvement in heartburn 
scores, quality of life as measured by GERD-health-related quality of life (HRQL) 
scale, and reflux and dyspepsia scores. LES average pressure increased from 
16.5  mmHg to 20.2  mmHg following Stretta, while esophageal acid exposure 
decreased from a pre-procedure DeMeester score of 44.4–28.5 post-procedure [6].

In line with these findings, the Stretta® procedure received strong recommenda-
tion in guidelines from SAGES, who considered it “appropriate therapy for patients 
being treated for GERD who are 18 years of age or older, who have had symptoms 
of heartburn, regurgitation, or both for 6 months or more, who have been partially 
or completely responsive to antisecretory pharmacologic therapy, and who have 
declined laparoscopic fundoplication” [7].

Table 15.1 Summary of endoscopic devices for the treatment of reflux disease

Device Company Method of action
FDA approved
Stretta® Mederi 

Therapeutics
RF delivery to the LES to promote remodeling and 
hypertrophy of the muscle

EsophyX™ EndoGastric 
Solutions

Transoral incisionless fundoplication using full-thickness 
polypropylene H-fasteners

MUSE™ 
system

Medigus Ltd. Transoral incisionless fundoplication using a full- 
thickness stapling device under EUS guidance

No longer available
EndoCinch Bard Partial-thickness sutured gastroplication
Enteryx Boston Scientific Injectable biocompatible polymer implant at the LES
Gatekeeper Medtronic LES submucosal implantation of hydrogel prosthesis
NDO Plicator NDO Full-thickness plication of the GEJ
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Fig. 15.1 Stretta® radiofrequency modulation of the GEJ. (a) Lower esophageal sphincter (LES) 
zone pretreatment. (b) Catheter insertion. (c) Initial axial burn. (d) Second axial burn; 45 °C burn. 
(e) Completion of RF treatments (eight per axial level) above/below gastroesophageal junction 
(GEJ). (f) LES zone posttreatment

15 Endoscopic Reflux Treatments



204

However, the conclusions drawn by prior reviews were criticized for method-
ological error. This led to a subsequent rigorous systematic review and meta- 
analysis by Lipka et al. [8]. In this study, the outcomes assessed included: time the 
pH < 4 over 24 hours, lower esophageal sphincter pressure, ability to stop PPIs and 
HRQL.  The pooled results of this study showed no difference when comparing 
Stretta to either sham or management with PPIs in patients with GERD.

An important consideration in reflux treatments, and indeed where many endo-
scopic therapies lack evidence, is long-term outcomes. Noar et  al. recently pub-
lished their 10-year data on 99 patients. Included in the trial were patients with 
previous fundoplication or large (>3 cm) hiatal hernias. Stretta showed durability 
and safety, with 72% of patients achieving normalization of GERD-HRQL scores. 
At 10  years, 23% of patients eliminated medical treatment entirely, and 41% of 
patients were off PPIs and taking no regular medical therapy. There were no major 
complications. Patients who initially partially respond are able to safely undergo 
repeat procedures to achieve maximal response, as was seen in 11 patients in the 
study [5].

Described serious adverse events associated with Stretta® in the US FDA main-
tained database are rare but include pneumonia, gastroparesis, esophageal perfora-
tion, cardiac arrest, and death [8]. Up to 50% of patients, however, have minor 
transient side effects following the procedure, the most common of which are chest 
discomfort and dyspepsia.

 EsophyX™ (EndoGastric Solutions)

The EsophyX™ device was designed to create a full-thickness gastroesophageal 
valve, via transoral incisionless fundoplication (TIF). The initial TIF 1.0 technique 
created a 270°, 3 cm gastro-gastric plication centrally on the greater curvature at the 
squamocolumnar junction of the esophagus and the fundus. The TIF 2.0 creates a 
physiological valve via esophagogastric plication on the far posterior and anterior 
sides of the lesser curvature.

The technique is performed under general anesthesia with the patient in the left 
lateral decubitus position and can be completed in under an hour. Two endoscopists 
are required – one operates the device, while the other operates the endoscope to 
ensure proper exposure and continuous visualization throughout the entire proce-
dure. The EsophyX™ device fits over a standard endoscope and is passed through 
the esophagus into the stomach. A helical screw is deployed and anchored into the 
fundus and used to draw gastric tissue into the device. Proprietary polypropylene 
H-fasteners are then delivered across the esophagus and gastric fundus to augment 
the valve (Fig. 15.2). Following completion of the procedure, the device is with-
drawn, and endoscopy is repeated to evaluate the length and circumference of the 
newly created valve. Patients are usually admitted overnight for monitoring and 
discharged the following day [9].

The initial description of EsophyX™ (TIF 1.0) was published in 2008 by Cadiere 
et al. [9], and subsequent studies were small and observational in nature. However, 
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five randomized control trials (RCTs) were published between 2014 and 2015, all 
of which studied the TIF 2.0 device. In 2016, Huang et al. summarized the available 
literature for EsophyX™ in their systematic review and meta-analysis. In their anal-
ysis of available RCTs, TIF was comparable with PPI therapy and showed improve-
ment over sham groups with respect to esophageal acid exposure time. A significant 
reduction in total number of reflux episodes was seen following TIF in comparison 

a b c

d e f

Fig. 15.2 EsophyX™ device for the creation of a transoral incisionless fundoplication. (a) Helix 
retractor engages fundus. (b) Fundus retracted. (c) Valve molded. (d) H-fasteners deployed. (e) 
Device retrieval. (f) Valve with serosa-to-serosa approximation below Z-line
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to groups who did not undergo fundoplication. There was no significant difference 
in the incidence of acid reflux episodes compared to patients taking PPIs. In the 
observational studies, most patients eventually resumed PPIs in long-term follow-
 up; however, dosages generally were reduced. Weighted average rate of satisfaction 
with the procedure was 69.15% [10].

In this same systematic review, severe adverse events were seen in 2.4% of 
patients – 19 events in a total of 781 patients who underwent TIF. Severe adverse 
events included seven perforations, five cases of post-TIF bleeding, four cases of 
pneumothorax, one requiring intravenous antibiotics, and one involving severe epi-
gastric pain. One death was reported 20 months after TIF [10].

 MUSE™ System (Medigus Ltd.)

The Medigus Ultrasonic Surgical Endostapler (MUSE™) system combines a flexi-
ble video gastroscope with ultrasonography and a stapler mechanism. Similar to 
EsophyX™, it aims to create an endoscopic fundoplication, although a few key 
differences are present. First, ultrasound visualization ensures proper alignment of 
the anvil at the tip of the stapler cartridge on the shaft before firing. Second, staples 
are utilized rather than sutures, with the idea of creating a more permanent, true 
fundoplication.

The operator inserts the endoscope and retroflexes in the stomach. The top of the 
fundus is engaged with the tip of the endoscope and brought against the shaft of the 
endoscope, where the stapler cartridge is located (Fig. 15.3). The anvil and cartridge 
are aligned and locked by means of two pins that penetrate across the walls of the 
stomach and esophagus. A series of five staples arranged horizontally are fired. The 
staples are the same as those used for surgical gastrointestinal anastomoses. The 
scope is then rotated and the procedure repeated, thus creating a fundoplication of 
the anterior wall of the stomach [11].

Long-term clinical outcomes of 37 patients who underwent endoscopic fundopli-
cation with the MUSE™ device were analyzed at baseline, 6 months, and 4 years 
post-procedure. At 6  months post-procedure, 83.8% remained off of PPIs. This 
dropped to 69.4% at 4  years. GERD-HRQL scores (off PPI) were significantly 
decreased. Significant reductions in the PPI dose required for patients who had 
resumed PPIs were also noted and were preserved at 4 years. Larger studies with 
sham control groups are awaited [12].

The most common adverse events reported were chest pain in 22% and sore 
throat in 21% of patients in the series from Zacherl et al. There were two severe 
adverse events in the series. The first presented with empyema and pneumothorax 
3 days post-procedure and was managed with chest tube and antibiotic therapy. The 
second patient presented with an upper gastrointestinal hemorrhage 8 days post- 
procedure, requiring two-unit blood transfusion. Endoscopy did not reveal the 
source of the bleeding [13].
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 Summary

Endoscopic therapies for GERD continue to evolve to meet patient needs. The goal 
is an effective mechanical solution that can be delivered with minimal morbidity 
and excellent long-term durability. There has been much progress over the last 
decade. Currently available devices – Stretta®, EsophyX™, and MUSE™ – have 
been shown to be safe and effective in improving symptom control and quality of 
life and offer a well-established alternative to laparoscopic interventions.

References

 1. Dent J, El-Serag HB, Wallander MA, Johansson S. Epidemiology of gastro-oesophageal reflux 
disease: a systematic review. Gut. 2005;54:710–7.

 2. El-Serag H, Becher A, Jones R.  Systematic review: persistent reflux symptoms on proton 
pump inhibitor therapy in primary care and community studies. Aliment Pharmacol Ther. 
2010;32(6):720–37.

 3. Filipi CJ, Lehman GA, Rothstein RI, Raijman I, Stiegmann GV, Waring JP, Hunter JG, Gostout 
CJ, Edmundowicz SA, Dunne DP, Watson PA, Cornet DA.  Transoral, flexible endoscopic 
suturing for treatment of GERD: a multicenter trial. Gastrointest Endosc. 2001;53(4):416–22.

 4. Triadafilopoulos G, DiBaise JK, Nostrant TT, Stollman NH.  The Stretta procedure for the 
treatment of GERD: 6 and 12 month follow-up of the US open label trial. Gastrointest Endosc. 
2002;55(2):149–56.

 5. Noar M, Squires P, Noar E, Lee M. Long-term maintenance effect of radiofrequency energy 
delivery for refractory GERD: a decade later. Surg Endosc. 2014;28:2323–33.

 6. Perry KA, Banerjee A, Melvin WS. Radiofrequency energy delivery to the lower esophageal 
sphincter reduces esophageal acid exposure and improves GERD symptoms: a systematic 
review and meta-analysis. Surg Laparosc Endosc Percutan Tech. 2012;22(4):283–8.

a b

Fig. 15.3 MUSE™ System for the creation of an ultrasound-guided stapled fundoplication

15 Endoscopic Reflux Treatments



208

 7. Auyang ED, Carter P, Rauth T, et al. SAGES clinical spotlight review: endoluminal treatments 
for gastroesophageal reflux disease (GERD). Surg Endosc. 2013;27:2658–72.

 8. Lipka S, Kumar A, Richter JE.  No evidence for efficacy of radiofrequency ablation for 
treatment of gastroesophageal reflux disease: a systematic review and meta-analysis. Clin 
Gastroenterol Hepatol. 2015;13(6):1058–1067.e1.

 9. Cadiere GB, Rajan A, Germay O, Himpens J.  Endoluminal fundoplication by a transoral 
device for the treatment of GERD: a feasibility study. Surg Endosc. 2008;22:333–42.

 10. Huang X, Chen S, Zhao H, Zeng X, Lian J, Tseng Y, Chen J. Efficacy of transoral incisionless 
fundoplication (TIF) for the treatment of GERD: a systematic review with meta-analysis. Surg 
Endosc. 2016;31:1032. [Epub ahead of print].

 11. Kauer WK, Roy-Shapira A, Watson D, Sonnenschein M, Sonnenschein E, Unger J, Voget 
M, Stein HJ.  Preclinical trial of a modified gastroscope that performs a true anterior fun-
doplication for the endoluminal treatment of gastroesophageal reflux disease. Surg Endosc. 
2009;23(12):2728–31.

 12. Kim HJ, Kwon CI, Kessler WR, Selzer DJ, McNulty G, Bapaye A, Bonavina L, Lehman 
GA. Long-term follow-up results of endoscopic treatment of gastroesophageal reflux disease 
with the MUSE™ endoscopic stapling device. Surg Endosc. 2016;30(8):3402–8.

 13. Zacherl J, Roy-Shapira A, Bonavina L, Bapaye A, Kiesslich R, Schoppmann SF, Kessler WR, 
Selzer DJ, Broderick RC, Lehman GA, Horgan S. Endoscopic anterior fundoplication with 
the Medigus Ultrasonic Surgical Endostapler (MUSE™) for gastroesophageal reflux disease: 
6-month results from a multi-center prospective trial. Surg Endosc. 2015;29(1):220–9.

J. D. E. Hawel and J. C. Ellsmere



209© SAGES 2019
J. Grams et al. (eds.), The SAGES Manual of Foregut Surgery, 
https://doi.org/10.1007/978-3-319-96122-4_16

W. S. Melvin
Montefiore Medical Center, Albert Einstein College of Medicine, Bronx, NY, USA
e-mail: wsmelvin@montefiore.org

16Expert Commentary: Endoluminal 
Treatment for Gastroesophageal  
Reflux Disease

W. Scott Melvin

Gastroesophageal reflux disease (GERD) is a common disease affecting millions of 
patients throughout the world. Primary treatment has always relied on lifestyle 
adaptations with specific recommendations for losing weight, eliminating smoking, 
alcohol, and dietary changes. Other treatment options include acid control using 
proton pump inhibitors and histamine blockers. While many of these therapies are 
effective in reducing acid, most patient surveys demonstrate poor symptom control 
and significant deviations from high quality of life secondary to the symptoms of 
GERD.

Since the 1960s, surgical intervention in the form of a gastroesophageal fundo-
plication was reserved as the only interventional therapy for patients with severe 
symptoms, side effects, or extra-esophageal manifestations of their gastroesopha-
geal reflux disease. Using traditional surgical techniques, there was significant mor-
bidity and mortality associated with large operation, and so routine surgical 
interventions were not recommended. In the early 1990s, laparoscopic techniques 
were developed which allowed refinement and improvement and improved out-
comes as laparoscopy was applied to gastroesophageal fundoplication. The evolu-
tion of instrumentation for the treatment of gastroesophageal reflux disease led to a 
significant expansion of the indications for anti-reflux surgery. The years following 
this growth allowed careful analysis and study of the appropriate indications and the 
outcomes associated with surgical intervention. However, the increased scrutiny 
associated with increased surgical volume did demonstrate some suboptimal out-
comes. They were probably secondary to decrease in durability and variability in 
the surgical techniques during the course of the operations. Many physicians contin-
ued to have well-founded skepticism and were reluctant to recommend surgical 
intervention for most patients. This skepticism remains today and allows for hesita-
tion in referring patients to surgery. Secondary to this, and during the time period, a 
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variety of technological advances combined with talented investigators and innova-
tors interested in decreasing the morbidity associated with even a laparoscopic sur-
gery for the treatment of reflux disease, led to the advent of endoluminal options for 
therapy for GERD.

The indications for intervention remain somewhat controversial; however, most 
physicians recognize that acid exposure in the distal esophagus, as an objective 
measurement, is an indication for a procedure when the symptoms become persis-
tent. Many patients additionally do not wish to maintain lifelong medical therapy, 
and so the desire to be off medicine is also a recommendation. Troublesome regur-
gitation and extra-esophageal manifestations including respiratory symptoms are a 
strong indication for patients with continued symptomatic reflux disease despite 
medical therapy. Endoluminal therapy can address the physiologic failure of the 
gastroesophageal sphincter, but not the significant anatomic derangements. Large 
hiatal hernias are seen in many patients with gastroesophageal reflux disease. 
Significant hiatal hernias have not been addressed using endoluminal techniques.

The initial forays utilizing the technology of the distal esophageal sphincter fol-
lowed several pathways. These can broadly be divided into developing esophageal 
bulking agents; attempting to create bulk at the distal esophagus that decreases 
mechanical reflux, physiological manipulation, and/or manipulation of the lower 
esophageal sphincter; and providing a mechanical barrier in the form of an esopha-
geal, gastric, or esophagogastric fundoplication or plication.

Attempts to develop a bulking agent that can be injected into the distal esophagus 
that was tunable and individualized seemed initially promising. Several devices and 
materials were widely tested and approved for use in a variety of countries. One 
product became FDA approved in the USA after extensive testing and was released 
into the market. However, post-approval market surveillance revealed difficulty in 
managing an intramural injection, including managing to keep the injectable mate-
rial within the wall of the esophagus especially in the submucosal space. Some of 
these complications were associated with intra-arterial injections of foreign mate-
rial, and the thought of continuing to use injectable bulking agents into the wall of 
the esophagus was largely abandoned.

Peripheral nerve ablation using radiofrequency energy was made available for a 
variety of applications throughout the body. This was applied to the lower esopha-
geal sphincter, and it was largely due to the improvement and increased availability 
of the technology to adequately modulate and monitor the energy delivery in real 
time. The Stretta device was developed as a device to deliver a network of radiofre-
quency ablation nodes within the muscular wall of the esophagus. This network of 
heat created “nodes” delivered not only a small physiologic barrier but probably 
decreased compliance in the lower esophageal sphincter. A variety of data was accu-
mulated over more than a decade, and this continues to demonstrate a reduction in 
symptoms and in some patients a decrease of distal esophageal acid exposure. The 
side effects remain quite minimal, and the safety profile is excellent. However, 
despite the encouraging data, and the widespread availability of the device, its use 
is somewhat still limited. One of the concerns remains is that the mechanism of 
action remains incompletely clear. It may represent a combination of decreased 
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compliance in the distal esophagus, some mechanical scar in the distal esophageal 
wall, and more significantly it may disturb the vagal innervation of the distal esoph-
agus completely eliminating transient lower esophageal sphincter relaxation in a 
patient with normal anatomy, especially those with daytime reflux.

A variety of mechanical “suturing” or stapling mechanical devices were devel-
oped in the field to gather tissue at the distal esophagus, at the proximal stomach, or 
at the GE junction to increase a mechanical barrier to prevent reflux or recreate the 
angle of His. The culmination of the work seems to conclude that full-thickness 
plication of the gastric and esophageal wall is important to provide durability and 
significant effect rather than just mucosal gathering. Two devices eventually 
emerged that currently are approved for use in the USA and have significant data 
surrounding them. The EsophyX device applies full-thickness “H”-type fasteners 
between the esophagus and the stomach creating a partial fundoplication. Multiple 
fasteners can be placed along the proximal stomach with an articulated arm that is 
placed over the scope in a device that can be used to tailor a less than circumferen-
tial wrap, and it is associated with an articulated tissue grasper that helps invaginate 
tissue into the jaws. Medigus has been less well-studied. This also provides a full- 
thickness fastening between the esophagus and the stomach using mechanical metal 
staples. The staples are loaded into the intraesophageal portion of the device and 
delivered against an anvil that is attached to the shaft of the orally placed scope. The 
device uses ultrasound guidance to prevent trapping of extra-esophageal tissue as 
well as locating the device anvil as well. The use of the transoral fundoplication is 
now widely accepted as a technique. It has received a reimbursement code from the 
federal government in the USA, and the data continues to be accumulated on the 
efficacy of this device and the appropriateness of the devices in a variety of patients 
with symptomatic reflux disease.

 Conclusions

Currently, there are three endoluminal devices approved for use in the USA. These 
are Stretta, EsophyX, and Medigus. Both Stretta and EsophyX are widely avail-
able and have had extensive clinical evaluation throughout the world.

Stretta is unique in that it has a very good safety profile accomplished with 
few side effects. It can be accomplished in about 30 minutes in a gastroenterol-
ogy suite or an operating room. It can be given with sedation or general anesthe-
sia. Patients can be active and have little postoperative discomfort for 
symptomatology. It was approved by the Federal Drug and Food Administration 
in the year 2000, and it received a CPT code in 2004 (43257). Currently, the body 
of data suggests that 55–80% of people have significant or complete resolution 
of symptoms as well as data that demonstrates an improved quality of life in rela-
tion to gastroesophageal reflux symptomatology.

EsophyX was first approved by the US Federal Drug Administration in 2007 
as an over-the-scope endoluminal fundoplication device. Multiple case series 
have been reported as well as several sham-controlled trials that demonstrate 
efficacy in treating reflux including respiratory symptoms associated with gas-
troesophageal reflux. Most of the collected data has demonstrated significant 
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ability to reduce symptoms in patients with normal anatomy. More recently, data 
has been accumulated in case series that demonstrates the ability to perform a 
partial fundoplication with the device at the time of laparoscopy to repair a hiatal 
hernia. This indication was recently approved by the FDA and added to the mate-
rial information. The durability of the device remains of some concern and has 
not been completely well- described. The device and procedure do have their own 
CPT code that was approved in 2016 and are available throughout the USA.

In order to provide the best individualized care for patients with troublesome 
gastroesophageal reflux disease, a full “tool box” is helpful. This tool box should 
include endoluminal therapy for patients who meet the strict criteria of having 
relatively normal anatomy or desire interventional therapy to reduce their need 
for medications. Indications for therapy are somewhat controversial still but 
clearly for patients with documented gastroesophageal acid reflux, normal motil-
ity, and relatively normal anatomy. Patients who continue to have significant 
symptoms on medication or patients who desire to terminate their medical ther-
apy may benefit from a minimally invasive or endoluminal procedure. Both of 
these techniques are relatively safe and well-tolerated. The durability of each of 
the techniques continues to be studied, and further data is being accumulated as 
we go forward. At the current time, it seems reasonable to offer endoluminal 
therapy as a first step or as a rescue therapy for patients who have mechanical 
abilities to be treated this way.

Major surgical societies and scientific boards have taken the task of evaluating 
different endoluminal therapies for reflux. The only significant review and guide-
lines have been published by The Society of American Gastrointestinal and 
Endoscopic Surgeons. In May of 2017, a clinical spotlight review, Endoluminal 
Treatments for Gastroesophageal Reflux Disease, was released after approval by 
the board of directors of SAGES. This included a systemic review and had vari-
ous recommendations. The final recommendations included conclusions on tran-
soral incisionless fundoplication as well as radiofrequency ablation of the lower 
esophageal sphincter.

The final recommendations for Stretta are “Based on existing evidence, Stretta 
significantly improves health-related quality of life score, heartburn scores, the 
incidence of esophagitis and esophageal acid exposure in patients with GERD, 
but does not increase lower esophageal sphincter basal pressure. In addition, it 
decreases the use of PPIs by approximately 50%. The effectiveness of the proce-
dure diminishes somewhat over time, but persistent effects have been described 
up to 10  years after the procedure in appropriately selected patients with 
GERD. Stretta is more effective than medical therapy, but less so than fundopli-
cation. Stretta is safe in adults and has a short learning curve” [1].

The recommendation for EsophyX is “Based on existing evidence, Esophyx 
can be performed with an acceptable safety risk in appropriately selected patients. 
The procedure leads to a better control of GERD symptoms compared with med-
ical therapy in the short term (six months), but appears to lose effectiveness dur-
ing long- term follow up, and is associated with moderate patient satisfaction 
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scores. Objective reflux measures improve similarly after the procedure com-
pared with medical therapy. No comparative controlled trials exist between tran-
soral fundoplication and surgical fundoplication, but preliminary evidence 
suggests that the latter can be used safely after transoral failure.” [1]

The final determination for treatment should be individualized for each patient 
based on objective data and symptom complex and rendered by an experienced 
clinician with adequate knowledge of the disease process and treatment options.
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17Laparoscopic Antireflux Surgery: 
Reoperations at the Hiatus

Abhishek D. Parmar and Kyle A. Perry

 Introduction and Epidemiology

Laparoscopic Nissen fundoplication is regarded as the gold standard operation for 
medically intractable gastroesophageal reflux disease. As surgeons have increas-
ingly performed this operation over time, complications and the need for reopera-
tion are also becoming increasingly common. While several studies have established 
the long-term efficacy of fundoplication for improving symptoms of reflux disease, 
it is still an operation that carries a significant risk for reoperation [1].

Rates of reoperation after initial antireflux surgery in the literature have been 
widely reported, from greater than 10% in the era of early adoption of laparoscopic 
fundoplication in the 1990s to as low as less than 3% in one systematic review [2]. 
Population-based studies estimate a reoperation rate of approximately 5%, usually 
within 1–2 years after fundoplication. In a nationwide Danish study of 2465 patients, 
5% of patients required reoperation, with the risk highest in the first 2 years postop-
eratively [3]. Similarly, a population-based study of 13,000 Californians with 
uncomplicated GERD who underwent fundoplication from 1995 to 2010 identified 
a reoperation rate of 6.9% at 10 years [4]. In this study, younger, female patients 
were more likely to undergo reoperation, also more likely in the first 2  years 
postoperatively.

Causes for reoperation are most often due to recurrent reflux symptoms or dys-
phagia. Anatomic causes of fundoplication failure include transmediastinal 
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migration, fundoplication issues (tight wrap, slipped wrap), unrecognized short-
ened esophagus, or previously undiagnosed esophageal dysmotility, with transme-
diastinal migration being the most common [5–8]. An alternate classification has 
been proposed by Suppiah et  al., in which (1) the wrap may have either “tele-
scoped” or slipped, (2) a paraesophageal hernia may have developed, or (3) crural 
failure occurred with wrap herniation into the chest [9] (Fig. 17.1). Indications for 
surgery and etiologies of wrap failure as observed from the most recent systematic 
review of 930 redo antireflux operations by Symons et al. in 2011 are depicted in 
Table 17.1 [10].

 Clinical Evaluation and Management

When considering reoperative surgery of the hiatus, it is essential to distinguish 
between radiographic recurrence and symptomatic recurrence. Studies have demon-
strated that while radiographic hiatal hernia recurrence after Nissen fundoplication 
may be common, this may or may not be clinically relevant in the absence of 
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significant symptoms that warrant repair. Oelschlager et  al. [11] reviewed their 
experience in a multi-institutional cohort of 60 patients who underwent laparo-
scopic repair of large hiatal hernias. At a median of 58 months postoperatively, the 
group identified a radiographic recurrence on upper gastrointestinal series in 34 
patients (57%). However, there was no difference in quality of life scores between 
patients with or without radiographic recurrence. As such, experts in foregut surgery 
recommend reoperation only be undertaken in the context of foregut symptomatol-
ogy (recurrent or new reflux and/or dysphagia) with anatomic/radiographic findings 
that may be correctable surgically [7].

 History and Physical Exam

A careful assessment of symptom severity and detail should be obtained prior to any 
intervention. Multiple standardized scoring systems are available, with the Visick 
score, dysphagia severity score, and GERD health-related quality of life surveys 
being developed specifically for symptoms of reflux [12, 13]. The patient’s symp-
tomatology should be used as a key determinant to guide preoperative testing and 
evaluation. Patient symptoms are generally classified into two groups: recurrent 
reflux-type symptoms and dysphagia. Eliciting the specific conditions in which 
these symptoms occur (solid versus liquid oral intake, presence and timing of regur-
gitation) can help differentiate primary or secondary esophageal dysmotility from 
an anatomic obstruction at a tight or herniated wrap. In addition, a focused assess-
ment to identify symptoms of delayed gastric emptying would warrant additional 
imaging [14]. Care should be taken to ensure that patient symptoms are not expected 
side effects of fundoplication such as mild, early postoperative dysphagia, gas bloat-
ing, or an inability to belch. In this setting, dysphagia symptoms can often be suc-
cessfully managed by endoscopic balloon dilation. Symptoms that persist beyond 
6 months after surgery warrant evaluation and consideration for reoperation.

Finally, as with any reoperation, a thorough review of the patient’s prior opera-
tive note and/or discussion with the operating surgeon should be undertaken to 

Table 17.1 Indications for reoperation and etiology of wrap failure after primary antireflux 
surgery

Indications for reoperation Etiology of wrap failure
Primary indication for 
reoperation Number Percentage

Etiology of wrap 
failure Number Percentage

Recurrent GERD 377 59.4 Hiatal hernia 336 44.1
Dysphagia 194 30.6 Disrupted 120 15.8
Gas bloat 29 4.6 Slipped 89 11.7
Hiatal hernia 14 2.2 Twisted 43 5.6
Other 21 3.2 Misplaced 30 3.9

Other 144 19

Adapted from van Beek et al. [6]
GERD gastroesophageal reflux disease
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identify specific operative details that might affect reoperation. These details might 
include technical details that could contribute to failure, such as failure to reduce 
and excise a hernia sac, inability to achieve adequate intra-abdominal length (and 
reasons for this), failure to adequately transect the short gastric vessels for an ade-
quate distance, anatomic aberrations (such as a replaced or accessory left hepatic 
artery), or any other specific issues that may affect operative approach.

Surgeons undertaking redo fundoplications should take care to counsel patients 
about these risks and reasonable expectations for success and complications fol-
lowing surgery. Once reoperation is considered, rates of success are diminished, 
while rates of perioperative complications are increased compared to primary 
antireflux surgery [5, 6, 10]. Several systematic reviews have established that suc-
cess, as defined by symptom improvement or resolution, is generally achieved in 
only 70–84% of patients following reoperative antireflux surgery, and this 
decreases with each successive reoperation [7]. In addition, the risk for complica-
tions can range from 14 to 21%, with most series citing gastrointestinal perfora-
tion as the most common complication. Finally, since rates of success diminish 
considerably with each successive reoperation, surgeons must balance the likeli-
hood of success with repeat fundoplication with the benefit of conversion to 
Roux-en-Y gastric bypass as a definitive antireflux operation, particularly for 
obese patients.

 Imaging and Interventions

Standard imaging and interventions prior to considering reoperative surgery of the 
hiatus include a repeat of the tests ordered prior to the primary antireflux operation. 
The evidence-based standards for preoperative imaging testing include an upper 
endoscopy, pH study with or without multichannel intraluminal impedance, barium 
upper gastrointestinal series, and esophageal manometry [15]. Upper endoscopy is 
an essential component to the evaluation in these patients to rule out pre-existing 
Barrett’s dysplasia or underlying invasive malignancy as a potential cause for dys-
phagia. pH study is necessary to assess the presence or absence of objective reflux 
as a cause for patient symptoms, and correlation should be made with patient’s 
symptoms as well as previous pH study. Barium esophagram demonstrates the 
patient’s foregut anatomy and can help identify a herniated, slipped, or tight fundo-
plication as a cause of prolonged postoperative dysphagia. Finally, manometry will 
determine if the patient’s cause for dysphagia may be due to underlying primary or 
secondary esophageal dysmotility. In addition, patients with severe dysmotility or 
esophageal aperistalsis might benefit from a partial redo fundoplication to reduce 
the risk of postoperative dysphagia. Patients with symptoms of delayed gastric emp-
tying or with a history of known bilateral vagotomy during index operation should 
also undergo a technetium-labeled gastric emptying study. Objective evidence for 
delayed gastric emptying might prompt consideration for a gastric emptying proce-
dure (i.e., pyloroplasty or pyloromyotomy) at the time of reoperation or prior to 
consideration of hiatal reconstruction.
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 Technical Details

The choice of operative approach—open laparotomy, thoracotomy/thoracoscopy, or 
laparoscopy—should be left to the skill set of the surgeon. However, because the 
complication profile of reoperative laparoscopic surgery is improved compared to 
open surgery, and has documented safety and efficacy in the reoperative setting, we 
prefer the laparoscopic approach (Fig. 17.2) [1, 16].

While the technical components of laparoscopic reoperations of the hiatus are 
difficult to standardize given the variable patient presentations, there are several key 
steps during the dissection that are worth noting. The first is that adhesiolysis should 
be expected and should dictate peritoneal entry. The avoidance of prior open or 
laparoscopic incisions is essential to prevent iatrogenic injury. Intraperitoneal access 
can be achieved using open or closed approaches. Also, surgeons should be willing 
to place additional ports or modify port placement as needed if significant adhesions 
are present [16].

The next consideration is the approach to the initial hiatal dissection. Due to the 
extensive adhesions around the hiatus and the risk for iatrogenic esophageal or gas-
tric injury, it is important to consider multiple possible approaches to the hiatus. 
One approach is to begin the dissection along the liver capsule in the region of the 
Pars flaccida (Fig. 17.2a). In this manner, the stomach can be mobilized to expose 
the caudate lobe of the liver and facilitate visualization of the right crus of the dia-
phragm (Fig. 17.2b). Alternatively, the lesser sac can be entered along the greater 
curvature of the stomach to expose the left diaphragmatic crus. Once the medial 
border of the crus can be clearly identified, careful sharp dissection can be used to 
achieve a circumferential dissection of the hiatus and the reduction of any herniated 
stomach and allow placement of a Penrose drain around the distal esophagus prior 
to beginning the mediastinal dissection (Fig. 17.2c).

Mediastinal dissection should proceed with caution as with any primary antire-
flux surgery, with care taken to avoid iatrogenic injury to the esophagus, vagus 
nerves, and stomach and to preserve the peritoneal lining of the crura if possible [8]. 
The gastroesophageal fat pat should be removed, and endoscopy may be utilized to 
accurately identify the gastroesophageal junction. Because the most common cause 
of failure is due to herniation of the wrap into the chest, care must be taken to first 
ensure adequate intra-abdominal esophageal length of at least 3  cm and then to 
perform adequate hiatal closure, which has been observed as a central cause for 
herniation (Fig. 17.2d) [16]. Calibrating the hiatal closure over a 44F Maloney dila-
tor or bougie can assist in optimal hiatal closure, as can reducing the pneumoperito-
neum setting to 8 mmHg. Finally, if hiatal closure proves difficult, a right-sided 
relaxing incision may also be performed [17], although this does have the theoreti-
cal risk for herniation. Consideration should also be given to reinforcing the hiatal 
closure with mesh, which likely reduces the risk of early hiatal hernia recurrence but 
with the potential for mesh-related complication and questionable long-term benefit 
[18, 19]. If intra-abdominal length cannot be obtained due to extensive mediastinal 
scarring or adhesions, an esophageal lengthening procedure should be performed. 
We prefer the wedge fundectomy approach as this can achieve adequate esophageal 
length using a totally laparoscopic approach (Fig. 17.2e, f) [20].
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Finally, the previous fundoplication should be completely taken down, the stom-
ach placed in the in situ position, and the wrap redone regardless of the gross appear-
ance intraoperatively or on prior imaging tests (Fig. 17.2g). Techniques to perform 
wrap takedown can include the use of sharp dissection, energy devices, or a stapler 
at the fundoplication. A partial fundoplication should be considered in lieu of a 
floppy Nissen fundoplication in cases of severe dysphagia or established esophageal 
dysmotility on preoperative manometry. Key pitfalls and technical conduct of fun-
doplication creation have been discussed previously [21].

 Repeat Reoperations of the Hiatus

Success rates are known to decrease with each successive reoperation, so we need 
to consider the approach to the patient with failure after a reoperation of the hiatus. 
These patients represent a complex group, and particular attention must be focused 
on the details of their symptoms in concert with repeat imaging and physiologic 
studies. Smith et  al. published their experience in over 300 patients undergoing 
reoperative surgery [7]. The indications for redo-redo surgery in these patients 
were more likely to be due to wrap herniation and dysphagia than an inadequate 
wrap or recurrent reflux. In their high-volume experience, failure rates increased 
with successive repeat operation, from less than 3% after initial operation to over 
7% with each successive procedure. In addition, they observed no increase in oper-
ative complications including gastric or esophageal perforation between a single 
reoperation and multiple reoperations. Despite lower success rates, the overwhelm-
ing majority of patients reported that they would recommend reoperation as a 
means to improve their quality of life, a finding that has been reproduced at other 
high-volume centers [22].

While these reports are reassuring, these reoperations were performed by expe-
rienced surgeons at high-volume centers for foregut surgery, and the outcomes may 
not be generalizable to all surgeons or practice models. Wilshire et al. published 
their experience with reoperative hiatal surgery in 2016 [23] and reported that 
patients who had undergone more than one reoperation had a significantly increased 
risk for intraoperative complications compared to a single reoperation (36% vs. 
23%, p = 0.002) with worse quality of life outcomes. As historical failure rates may 
exceed 50% with a third reoperation [24], consideration in these cases should be 
made to convert the fundoplication to a Roux-en-Y gastric bypass, particularly for 
patients who are morbidly obese [25, 26].

Fig. 17.2 Technical details of operation. (a): Wrap/stomach is densely adhered to liver capsule, 
with Pars flaccida obliterated, (b): Wrap mobilized free from liver capsule, right crus, and IVC in 
view, (c): Penrose utilized for retraction and mediastinal mobilization, (d): Esophagus mobilized 
to obtain three centimeters of intra-abdominal length, (e): Wedge fundectomy, (f): Wedge fundec-
tomy, (g): Fundoplication taken down
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 Key Points

• Reoperative antireflux surgery is a complex undertaking and should only be  
performed by experienced surgeons with specific expertise and/or training in 
foregut surgery.

• Laparoscopy has become the standard of care for reoperations of the hiatus and 
should be attempted initially.

• Optimal preoperative evaluation, including thorough history taking and testing, 
is essential in the selection of patients who would benefit from reoperative anti-
reflux surgery.

• Preoperative testing should include at minimum upper endoscopy, pH study with 
or without multichannel intraluminal impedance, barium upper gastrointestinal 
series, and esophageal manometry.

• Technical points of the operation include safe peritoneal entry, use of the caudate 
lobe to guide initial hiatal dissection, obtaining adequate intra-abdominal esoph-
ageal length, and re-performance of the fundoplication.

• Multiple reoperations at the hiatus should be approached with caution, and strong 
consideration should be given to conversion to Roux-en-Y gastric bypass.

 Summary

Reoperative antireflux surgery is a complex undertaking, with significant risk for 
complications and failure. Careful selection of patients who might benefit from 
reoperation, through informed history taking and preoperative evaluation, are vital 
components in the care of these patients. Reoperation should only be undertaken by 
surgeons with significant technical expertise in advanced laparoscopy and with an 
understanding of several key technical points. Finally, avoidance of multiple reop-
erations should be balanced with the risk for complications in conversion to Roux- 
en- Y gastric bypass. Only while employing all these considerations can outcomes 
be fully optimized for this patient population.
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18Classification and Evaluation 
of Diaphragmatic Hernias

Adham R. Saad and Britney L. Corey

 Introduction

Patients with diaphragmatic hernias are referred to surgeons to determine the neces-
sity for intervention. Often these hernias are incidental findings from diagnostic 
evaluations for reflux or ulcer disease, but they can also present in dire need of 
urgent surgery. Understanding the evaluation and treatment of diaphragmatic her-
nias is essential to determining the appropriate treatment. It is important to know the 
classification of the different types of diaphragmatic hernias and how to adequately 
evaluate them so that patients get proper treatment with the appropriate urgency. 
The large majority of these cases are not emergencies, and it is imperative that the 
patient gets a complete workup prior to surgical intervention to prevent debilitating 
postoperative complications. Through a discussion of the anatomy of the diaphragm 
and the esophageal hiatus, the pathophysiology of these hernias is more clear. In 
addition, the different types of hernias, their classification, and their appropriate 
evaluation will be discussed.
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 Anatomic Considerations

 Embryology

The diaphragm develops between the 3rd and 10th weeks of gestation and is derived 
from four precursors: (1) the septum transversum, (2) two pleuroperitoneal folds, 
(3) cervical myotomes, and (4) the dorsal mesentery [1] (Fig. 18.1). The septum 
tranversum forms the central tendon, and the two pleuroperitoneal folds grow medi-
ally to join this tendon. The posteromedial portion is formed from the dorsal mes-
entery which contains the aorta, inferior vena cava, and esophagus. The crura are 
created from migration of myoblasts to this dorsal mesentery. The third, fourth, and 
fifth cervical myotomes provide the diaphragmatic musculature [2]. Congenital 
defects occur with failure of the pleuroperitoneal folds to develop, as there is no 
scaffolding for the musculature to develop upon [1].

 Diaphragm

The diaphragm has three muscle groups: sternal, costal, and lumbar, which all join 
at the central tendon and create a dome-shaped membrane separating the thoracic 
and abdominal cavities [2]. There are three distinct foramina: aortic, esophageal, 
and caval. The aortic hiatus at T12 is the most posterior and contains the aorta, the 
thoracic duct, and azygous veins. It is bordered posteriorly by the vertebral bodies, 
anteriorly by the median arcuate ligament, and laterally by the crural origins.  

Muscle Ingrowth

Septum
transversum

Pleuroperitoneal
folds

Vertebral
body

Dorsal
mesentery

Aorta

Esophagus

IVC

Fig. 18.1 Embryology of the diaphragm
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At T10, the esophageal hiatus is the only foramen surrounded completely by mus-
cle. The caval opening is the most anterior lying between T8 and T9 [1] and is 
completely surrounded by the central tendon of the diaphragm.

Blood is supplied by the right and left phrenic arteries, the intercostal arteries, 
and musculophrenic branches of the internal thoracic arteries [1]. Muscular and 
sensory innervation is provided by the left and right phrenic nerves which arise from 
the C3, C4, and C5 rami [2].

 Hiatal Anatomy

The majority of diaphragmatic hernias occur through the esophageal hiatus, there-
fore it is essential to understand this anatomy (Fig. 18.2). The right and left dia-
phragmatic crus are muscular fibers that arise from the anterior longitudinal 
ligaments and are anchored at the lumbar vertebrae. As the right crus emerges from 
the anterior longitudinal ligament, it splits into two arms, one coursing medially and 
wrapping posterior to the esophagus and the other wrapping anteriorly. These arms 
decussate anterior to the esophagus where, along with the left crus, they attach at the 
central tendon of the diaphragm [3].

The esophagus is anchored to the crus by the phrenoesophageal membrane, 
which is formed from fused endothoracic and endoabdominal fascias. Additional 
posterior support is provided by the vagus nerves and radicles of the left gastric 
artery and vein. The phrenoesophageal membrane is attached circumferentially on 
the esophagus at the squamocolumnar junction. An intact membrane prevents her-
niation through the hiatus [4].

Esophagus
Aorta

L1

Left crus
of diaphragmRight crus

of diaphragm
Fig. 18.2 Anatomy of the 
hiatus. (From Kahrilas  
et al. [4])
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 Esophagogastric Junction

The esophagogastric junction can be difficult to clinically define because of its 
intrinsic mobility (Fig. 18.3). Defining a true hiatal hernia depends on the relative 
positioning of the esophagus, the stomach, and the hiatus which is constantly vari-
able [3]. Esophageal shortening occurs with contraction of the longitudinal muscles 
which elevates the distal esophagus [5]. With lifting of the distal esophagus, the 
esophagogastric junction is elevated above the hiatus, and there is physiological 
herniation [6]. It is known that this normal herniation occurs during primary and 
secondary peristalsis, esophageal distension, and transient relaxations of the lower 
esophageal sphincter [7]. Once the inciting stimulus for physiologic herniation 
ceases, the intrinsic elastic recoil of the phrenoesophageal membrane returns the 

Fig. 18.3 Normal barium 
swallow. (A) “A” ring, (B) 
“B” ring or Z-line, and (D) 
diaphragmatic impression
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esophagogastric junction to the abdomen [3]. This variability in relative anatomy at 
the hiatus creates unique challenges in the diagnosis and treatment of hiatal hernias. 
It is helpful to localize the esophagogastric junction with endoscopy although it can 
be difficult to get an accurate picture of its location relative to other relevant 
structures.

 Pathophysiology

 Risk Factors

Obesity causes gradual increases in intra-abdominal pressure which creates forces 
that encourage hiatal herniation [8]. Body mass index (BMI) has a direct relation-
ship with increasing risk of hiatal hernia [9]. Clinically, many surgeons hesitate to 
offer hiatal hernia repair for patients with elevated body mass index because of 
increased risk of re-herniation. There is some controversy as to whether obesity 
increases the likelihood of recurrence after surgery at the hiatus. In a study compar-
ing antireflux surgery outcomes in obese patients (BMI > 30), overweight patients 
(BMI 25–29.9), and nonobese (BMI < 25), obese patients had significantly higher 
recurrence rates (31%) versus the overweight (8%) and the nonobese (4.5%) [10]. 
More recent studies make the case that obesity has no effect on outcomes after 
antireflux surgery with or without concurrent hiatal hernia repair. Winslow et al. 
[11] showed that although surgery in the obese population is more difficult with 
significantly greater operative times, there was no difference in recurrence rates, 
symptoms, and patient satisfaction. In a prospective analysis of both clinical and 
objective outcomes, there were no differences in quality of life measures and recur-
rence rates between the obese and nonobese groups [12]. This controversy supports 
a frank discussion between obese patients and physicians as to the ideal timing for 
repair.

Age is also associated with increased risk for hiatal herniation. As the elasticity 
and recoil of the phrenoesophageal membrane decrease with age, the risk of her-
niation increases [9]. This is discussed in more detail in the pathophysiology 
section.

Previous surgery at the hiatus is another known risk factor for hiatal herniation. 
In a prospective study, radiologic recurrence after hiatal hernia repair has been 
reported as 57% (median follow-up = 58 months), although the majority of these 
were not clinically relevant and only 3% required reoperation [13]. Another study 
showed a radiologic recurrence rate of 27% at 1 year follow-up with no clinically 
relevant recurrences and no identifiable risk factors for recurrence [14]. It is 
assumed that each subsequent repair would have an increased likelihood of 
recurrence.

Other known risk factors include thoracoabdominal trauma most commonly 
from motor vehicle collisions [15]. Skeletal deformities such as scoliosis that 
change the anatomy of the diaphragm also increase risk [16]. Finally, congenital 
deformities are the most common cause of diaphragmatic hernia in children [17].

18 Classification and Evaluation of Diaphragmatic Hernias
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 Causal Theories

As was well described in a review article by Weber et al., there are three theories of 
causation of hiatal hernia: (1) increased intra-abdominal pressure forcing the gastro-
esophageal junction into the chest, (2) displacement of the gastroesophageal junc-
tion into the chest due to esophageal shortening from fibrosis or excess vagal 
stimulation, and (3) gastroesophageal junction migration due to enlargement of the 
hiatus from congenital defects or acquired molecular/cellular changes. Through 
their review, they conclude that none of these theories are definitive and that causa-
tion is likely multifactorial [18].

 Increased Intra-Abdominal Pressure
As previously discussed, obesity is a known risk factor for development of hiatal 
hernia which supports this causal theory. It has been shown that with increases of 
BMI of one point, intragastric pressure increases by 0.3 mmHg and intraesophageal 
pressure rose by 0.17  mmHg; waist circumference increases of 1  cm increased 
intragastric and intraesophageal pressures by 0.16 mmHg and 0.1 mmHg, respec-
tively [6]. These gradients would theoretically transfer forces leading to hiatal 
herniation.

 Esophageal Shortening/Vagal Stimulation
With contraction of the longitudinal muscles of the esophagus, physiological her-
niation is proposed to occur during swallowing [6]. It has been shown that with 
inhibitory vagal innervation anterior to the stomach cardia, this physiological her-
niation is not allowed to occur. Therefore, it is theorized that damage to the vagal 
nerve at the esophagogastric junction can cause either a decrease in this inhibitory 
function or an increase in stimulation of the longitudinal muscles resulting in 
chronic herniation over time [19].

 Hiatal Enlargement
Through a combination of changes in the molecular makeup of the tissues that cre-
ate the hiatus, progressive weakening can lead to physical weakening that can allow 
herniation. On analysis of the phrenoesophageal, gastrohepatic, and gastrophrenic 
ligaments at the time of fundoplication for gastroesophageal reflux disease, those 
patients with concurrent hiatal hernia were found to have 50% less elastin than 
those without hiatal hernias [20]. Impairments in collagen have been shown in both 
inguinal and incisional hernias, which would beg the question as to collagen involve-
ment in hiatal hernia [21, 22]. Although this question is yet to be answered, it is not 
unreasonable to theorize that collagen also plays a role at the hiatus. Crural muscle 
fibers also seem to be involved in weakening of the hiatus. At the microscopic level, 
when comparing crural muscle in patients with and without hiatal hernia, there 
appears to be degradation of the myofibrils and degeneration of the muscular archi-
tecture in the patients with hiatal hernia [23]. Therefore, hiatal enlargement through 
a combination of tissue factors at the supportive ligaments and impairments of cru-
ral muscle is highly supported.

A. R. Saad and B. L. Corey



231

 Types of Diaphragmatic Hernias

 Hiatal Hernias

Hiatal hernias are categorized into sliding or paraesophageal hernias with four rec-
ognized types (Fig. 18.4).

 Type I Hiatal Hernia
Type I hiatal hernia is commonly described as a sliding hiatal hernia and occurs 
when the esophageal hiatus is dilated enough to allow herniation of the gastric car-
dia and bringing the gastroesophageal junction above the diaphragm. While they are 
the most common of the diaphragmatic hernias, they are also the most difficult to 

NORMAL (H0)

a

d e

b c

TYPE I (H1) TYPE II (H2)

TYPE III (H3) TYPE IV (H4)

Fig. 18.4 (a) Normal hiatus, (b) Type I sliding hernia, (c) Type II paraesophageal, (d) Type III 
paraesophageal, and (e) Type IV. (From Zaman and Lidor [14])

18 Classification and Evaluation of Diaphragmatic Hernias



232

define [3] because of the previously described phenomenon of “physiologic hernia-
tion” [6]. With these hernias, the phrenoesophageal ligament is weakened and 
thinned but remains intact. Therefore, there is a widening of the hiatus that allows 
the gastric cardia to herniate into the mediastinum. These hernias become clinically 
significant because of their association with gastroesophageal reflux [3]. This is 
likely due to the significantly larger cross-sectional opening at the esophagogastric 
junction in patients with hiatal hernias versus patients without hiatal hernia at dif-
ferent intragastric pressures, as was eloquently described in a study by Pandolfino 
et al. [24]. The hiatus becomes circular in dimension as opposed to elliptical [24].

 Paraesophageal
These hernias are less common than the sliding type hiatal hernia and correspond to 
approximately 5–15% of all hiatal hernias [25]. Although these hernias are also asso-
ciated with gastroesophageal reflux, their clinical significance is rooted in the mechan-
ical complications [3] to include obstruction, dysphagia, and organ strangulation.

Type II
These hernias result when there is an actual defect in the phrenoesophageal mem-
brane that allows herniation of the gastric fundus while the gastroesophageal junc-
tion remains tethered at the hiatus [26].

Type III
Type III hernias are viewed as a progression of a Type I or II hiatal hernia (Fig. 18.5). 
As the Type II hernia enlarges, there is continued weakening of the phrenoesopha-
geal membrane that allows the gastroesophageal junction to slide into the mediasti-
num [3]. Therefore, the Type III hernia is by definition a combination of the Type I 
and Type II hiatal hernias.

Type IV
These are large hernias where the hiatus has enlarged enough to accommodate her-
niation of other organs in addition to the stomach. These can be associated with a 
large variety of symptom profiles.

 Congenital

 Morgagni
This hernia was first described by anatomist Giovanni Morgagni in 1769 as an “ante-
rior retrosternal diaphragmatic defect that occurs between the xiphoid process of the 
sternum and costochondral attachments of the diaphragm” [2] (Fig. 18.6). These her-
nias result from a failure of the complete migration of muscle fibers to cover a trian-
gular space between the sternum and bilateral costal margins, and herniation of 
abdominal contents usually results from trauma, obesity, or pregnancy [27]. Although 
these hernias are congenital, they are often not diagnosed until adulthood when they 
become symptomatic or as an incidental finding [28]. These hernias should always be 
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Fig. 18.5 Intraoperative view of sliding hiatal hernia with cardia and gastroesophageal junction 
above the diaphragm

Foramen of
morgagni

Inferior vena
caval foramen

Congenital
absence of
diaphragm

Right bundle of
the right crus

Left bundle of
the right crus

Aortic
hiatus

Left crus of
diaphragm

Foramen of
bochdalek (hiatus
pleuroperitonealis)

Esophageal
hiatus

Fig. 18.6 Anatomy of Morgagni and Bochdalek hernias. (From http://www.continentalhospitals.
com/blog/diaphragmatic-hernia/)
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repaired upon diagnosis for fear of complications of obstruction or strangulation. 
Repair is usually completed transabdominally, although a transthoracic approach 
may be required for herniation above the carina with the use of mesh for larger 
defects [2]. Minimally invasive techniques have been an accepted approach for many 
years [27].

 Bochdalek
Bochdalek hernias comprise 90% of congenital diaphragmatic hernias [29]. The 
diagnosis is often made with antenatal scans or at the time of delivery with respira-
tory distress [29]. As first described by anatomist Vincenz Bochdalek, these are 
congenital diaphragmatic hernias that occur during early embryologic development 
(Fig. 18.6). During this phase of development, the gastrointestinal tract is formed, 
and due to abnormal development of the pleuroperitoneal canal, the viscera become 
contained in the chest which prevents normal development of the lung [2]. 
Therefore, this pulmonary hypoplasia as well as associated vascular and cardiac 
abnormalities can result in a neonatal mortality of almost 50% [29]. For these 
patients, intensive cardiac and respiratory support are required for whatever period 
is necessary to obtain clinical stability with surgical intervention as a secondary 
goal [29]. Primary repair is often achievable, although more complex repairs may 
require a patch for a large defect and/or silo placement to allow return of the viscera 
to the abdomen [2].

 Evaluation

 Clinical Presentation

 Chronic Symptoms
Most chronic symptoms result from the anatomic changes at the esophagogastric 
junction [30]. Most commonly patients will complain of reflux symptoms to include 
both heartburn and regurgitation. The hernia causes separation of the lower esopha-
geal sphincter from the diaphragmatic crus which leads to acid exposure at the 
esophagus [25]. Concurrently, once this acid refluxes into the esophagus, the hiatal 
hernia compounds the exposure by also preventing acid clearance [31]. Increased 
intragastric pressures caused by the hernia also impair gastric emptying which com-
plicates the reflux mechanism further [30].

Dysphagia may be the presenting symptom when the herniated portion com-
presses the distal esophagus. Stasis within the herniated stomach can also lead to 
symptoms of dysphagia [25]. Simple discoordination at the distal esophagus caused 
by the separation of the lower esophageal sphincter and the crura is often experi-
enced as dysphagia by the patient [25].

Bleeding or anemia can be the presenting sign in patients with Cameron lesions, 
although other sites of gastrointestinal hemorrhage must be excluded [30]. Chest 
pain is a non-specific symptom associated with hiatal hernia, although, again, car-
diopulmonary etiologies must be ruled out. Progressive dyspnea can be a presenting 
symptom that is often assigned to a cardiopulmonary or age-related source [32]. If 
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hiatal hernia is identified as the source of dyspnea, repair can result in improve-
ments in pulmonary function which correlate to the size of the hernia [33].

 Acute Symptoms
Symptoms in the acute setting are primarily associated with paraesophageal hernias 
and are related to obstruction, ischemia, or volvulus [25]. Patients who present with 
obstruction usually have non-distended abdomens, can usually be managed with naso-
gastric decompression, and often resolve spontaneously [30]. For those who are unable 
to be managed nonoperatively due to a deteriorating clinical picture, the concern is 
strangulation and eventual necrosis of the stomach. Although necrosis is rare, it is the 
leading cause of mortality from hiatal hernia [34]. Patients in whom necrosis is pos-
sible, emergency diagnostic upper endoscopy or surgical intervention are essential.

 Radiography

The primary role of both chest radiography and computed tomography is initial 
identification of the hernia either incidentally or in the acute setting. For adequate 
radiologic evaluation of a hiatal hernia, the primary study is a barium swallow 
because it identifies the anatomy of the hernia, the relative orientation of the hernia 
contents, and localizes the gastroesophageal junction (Fig. 18.7). In addition, this 

a b

Fig. 18.7 Barium swallow. (a) Type III paraesophageal hernia depicting herniation of the gastric 
cardia and fundus above the diaphragmatic hiatus. (b) Type II paraesophageal hernia with hernia-
tion of the gastric fundus adjacent to esophagus with the esophagogastric junction still tethered at 
the hiatus
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study is conducted in real time, so it allows the radiographer to identify the anatomy 
as it relates to other key structures and how these essential elements interact. For 
paraesophageal hernias, the imaging and diagnosis is fairly straightforward, whereas 
the diagnosis of Type I hiatal hernias can be more difficult.

Because of variations in protocol and radiographic criteria for defining hiatal 
hernias, there can be significant differences in interpretations of barium swallows. 
In order to visualize the key structures, they have to be distended, which intrinsi-
cally changes their relative positions. This distension causes shortening of the 
esophagus and displacement of the esophagogastric junction which is the basis of 
the 2 cm rule [3]. The 2 cm rule states that there must be more than 2 cm between 
the diaphragmatic hiatus and the squamocolumnar junction (or B ring) for diagnosis 
of a Type I hiatal hernia [35]. Without visualization of the B ring, three rugal folds 
above the diaphragm are necessary for diagnosis. Additionally, the timing of mea-
surements during the peristaltic sequence can have significant effects on the results. 
If measurements are taken early in the peristaltic sequence, the size of the hernia 
will appear significantly larger than if the measurements are taken at the end of the 
sequence [3]. These variations can make the sizing and identification of small slid-
ing hernias especially difficult and intrinsically erratic. Barium swallow can also 
help identify issues with esophageal motility which can be further elucidated with 
high-resolution manometry.

 Endoscopy

Upper endoscopy is an important part of the evaluation of hiatal hernias. It allows 
for accurate diagnosis of hiatal herniation and is important in evaluating potential 
complications such as bleeding and dysphagia (Fig. 18.8). A Type I hiatal hernia is 
defined on endoscopy as a 2 cm separation of the squamocolumnar junction and the 

Fig. 18.8 Retroflexed 
endoscopic view of 
paraesophageal hernia. Arrow 
indicates early Cameron 
lesions which are a common 
etiology of anemia in patients 
with hiatal hernia

A. R. Saad and B. L. Corey



237

diaphragmatic pinch as the stomach encounters the crura. This diagnostic criterion 
can be limited in settings such as Barrett’s metaplasia or esophagitis where the 
squamocolumnar junction is obscured. The mobile nature of the esophagogastric 
junction can also make measurements quite difficult. Paraesophageal hernias are a 
more straightforward diagnosis although endoscopy can be difficult due to the 
 tortuous path.

Just as with barium swallow, there can be significant variations between endoscopic 
technique and interpretation. Bytzer showed that patient history alone can bias inter-
pretation of endoscopic images where only 23% of endoscopists showing the same 
video case interpreted the same diagnosis [36]. This inherent variability in endoscopy 
and its interpretation can limit the value of information drawn from endoscopy, espe-
cially in hiatal hernias less than 3 cm in size [3]. Retrograde view can provide some 
extra information about the integrity of the hiatus and displacement of the squamoco-
lumnar junction relative to the hiatus. Additionally, variations in the extent of gastric 
distention with insufflation may cause an inherent 2 cm error in size measurement [3].

 Manometry

The esophagogastric junction can be identified with high-resolution manometry 
because of three physiologic phenomenon: (1) intragastric pressure is greater than 
intraesophageal pressure, most notably during inspiration, (2_ the pressure wave 
seen at the esophagogastric junction has both tonic (representing the lower esopha-
geal sphincter) and phasic (representing the crura) elements, and (3) there is relative 
movement and intraluminal pressure changes at the esophagogastric junction during 
respiration [3]. High-resolution manometry with pressure plotting helps locate the 
upper esophageal sphincter, lower esophageal sphincter, and crural diaphragm in 
real time as the three high-pressure zones. A separation of greater than 2 cm between 
the lower esophageal sphincter and crural diaphragm is defined as a hiatal hernia 
[25]. There can be great variation in how well defined these high-pressure zones are 
in individuals which can create some interpretive variability in diagnosis [3]. Even 
with this variability, high-resolution manometry has dramatically improved diag-
nostic capabilities because of its ability to localize the lower esophageal sphincter 
and crural diaphragm in real time without swallow or distension-related distortions 
seen in barium swallow and endoscopy [3].

 Diagnostic Summary

Although all the diagnostic modalities are plagued with some inadequacies, it is 
important for the clinician to take all the information provided to formulate a rea-
sonable approach to the care of the patient. It is important for the gastroenterolo-
gists, surgeons, and radiologists to discuss the more complex cases where the 
diagnosis is not so apparent. It is imperative for each institution to create protocols 
and diagnostic standardization to promote consistency between different 
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practitioners. Precise discussion of patient-specific symptoms can provide invalu-
able clues as to the diagnosis and predict which symptoms can be alleviated with 
surgical intervention to maintain patient satisfaction.
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19Laparoscopic Hiatal Hernia Repair

Andrew M. Ibrahim and Dana A. Telem

 Introduction

An estimated 75% of hiatal hernias are now being repaired through a laparoscopic 
approach [1]. This chapter will briefly outline the indications, technique, and peri-
operative considerations for the laparoscopic repair of hiatal hernias. The previous 
chapter (Chap. 18) discusses the classification and evaluation of diaphragmatic her-
nias including presentation and workup approach. The following chapter (Chap. 20) 
within this manual describes the transthoracic approach as an alternative to laparo-
scopic repair.

 Indications

 Preoperative Indications

Indications for electively operating on hiatal hernias should take into account the 
type of hernia, the associated symptoms, and patient’s comorbidities. The presenta-
tion of a hiatal hernia can range from asymptomatic to life threatening (Table 19.1). 
Many hiatal hernias are discovered incidentally and have no symptoms. Alternatively, 
hiatal hernias may present with mild symptoms including epigastric pain, dyspha-
gia, reflux symptoms, or early satiety. Finally, patients with hiatal hernia can present 
acutely when their stomach or other abdominal contents become strangulated.
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In 2013, the SAGES Board of Governors approved the following guidelines for 
hiatal hernia repair that take into account type of hernia, presentation, and the 
patient’s comorbidities [2]:

 1. Repair of a Type I hernia in the absence of reflux disease is not necessary.
 2. All symptomatic paraesophageal hiatal hernias should be repaired, particularly 

those with acute obstructive symptoms or which have undergone volvulus.
 3. Routine elective repair of completely asymptomatic paraesophageal hernias may 

not always be indicated. Consideration for surgery should include the patient’s 
age and comorbidities.

 4. Acute gastric volvulus requires reduction of the stomach with limited resection 
if needed.

Consistent with these guidelines, the authors prefer a “watchful waiting” 
approach for asymptomatic patients as well as those with mild symptoms and sig-
nificant comorbid conditions.

(Note, a discussion of indications and approach and an acute gastric volvulus 
hernia are discussed in Chap. 22).

 Intraoperative Indications

Hiatal hernias may be discovered incidentally during another abdominal operation. 
For example, a review of 35,947 Roux-en-Y gastric bypass procedures found that 
2233 (~6%) had an incidental hiatal hernia [3]. Subsequent studies noted that 
patients undergoing bariatric procedures who had their hiatal hernias repaired at the 
same time reported lower rates of reflux symptoms [4–6]. For this reason, most 
surgeons now routinely repair hiatal hernias discovered during bariatric 
operations.

 Technique

Below we describe our approach to a laparoscopic hiatal hernia repair. We include 
“key steps” that have broad consensus from minimally invasive surgeons, as well 
as “additional considerations” where there is some debate and conflicting 
evidence.

Table 19.1 Presentation of 
hiatal hernias

No symptoms
  Often discovered incidentally on imaging obtained for 

another purpose
Mild symptoms
  Epigastric pain, dysphagia, early satiety, reflux
Life threatening
  When a hiatal hernia has led to strangulation of abdominal 

contents
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Key Steps Key steps to repair of the hiatal hernia include:

• Reducing the hernia contents
• Mobilization of the hernia sac
• Mobilizing the esophagus
• Closure of the cura
• Anti-reflux procedure (fundoplication, gastroplasty)

Reducing Hernia Sac Contents The hernia sac often extends well into the thoracic 
cavity and may include abdominal contents such as the stomach, small bowel, or 
colon. These should be reduced with atraumatic graspers and returned into the 
abdominal cavity. In some cases, taking some of the short gastric vessels may be 
necessary to reduce the contents.

Mobilization of the Hernia Sac After reducing the hernia contents, the sac should 
be mobilized away from mediastinal structures. Because the sac forms an avascular 
plane, it should be bluntly dissected away from intrathoracic structures with mini-
mal bleeding. A critical step in this portion of the operation is to identify and pre-
serve the vagal nerves that run along the esophagus. If there is a concern of 
encountering a replaced left hepatic artery while dissecting the sac, the vessel 
should be clamped and the liver observed.

Mobilization of the Esophagus Because the hernia contents invariably travel 
along the esophagus, it is common for the esophagus to be partially displaced into 
the thoracic cavity. To avoid recurrence, the esophagus should be mobilized and 
distal end restored to its intraabdominal location (Fig. 19.1). Generally, at least 3 
centimeters of the esophagus should sit comfortably below the diaphragm. If this 

Fig. 19.1 Mobilization of 
the esophagus. Because the 
hernia contents invariably 
travel along the esophagus, 
it is common for the 
esophagus to be partially 
displaced into the thoracic 
cavity. To avoid recurrence, 
the esophagus should be 
mobilized and distal end 
restored to its 
intraabdominal location
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is not possible, an esophageal lengthening procedure (e.g., Collis gastroplasty) 
should be performed. (See Chap. 21 for a full discussion of esophagus lengthening 
procedures.)

Closure of the Cura After the esophagus has been mobilized, the hernia defect 
around the cura should be closed (Fig. 19.2). This should be a tension-free repair 
with horizontal interrupted sutures placed posterior to the esophagus. For larger 
defects, relaxing incisions along the lateral diaphragm can be made to facilitate 
approximating the cura. Mesh reinforcement has been a matter of debate and dis-
cussed in detail in Chap. 24.

Anti-reflux Procedures There is increasing consensus among surgeons that an anti-
reflux procedure should be performed on patients undergoing hiatal hernia repair. 
This is because the hiatal repair disrupts the phrenoesophageal ligament and predis-
poses patients to reflux symptoms. Anti-reflux fundoplication options include a par-
tial wrap (e.g., Toupet) or a full wrap (e.g., Nissen). Preoperative motility studies 
and description of patient symptoms help inform which wrap is most appropriate.

 Additional Steps to Consider

In contrast to the broad agreement about the key steps listed above, there is vari-
ability in the use of gastropexy, hernia sac excision, and robotics for hiatal hernia 
repair. We discuss each of them here.

Gastropexy To help prevent recurrence, some surgeons also perform an anterior 
gastropexy. This is typically done by securing the anterior stomach to the anterior 

Fig. 19.2 Closure of the 
cura. After the esophagus 
has been mobilized, the 
hernia defect around the 
cura should be closed. This 
should be a tension-free 
repair with horizontal 
interrupted sutures placed 
posterior to the esophagus
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abdominal wall with two nonabsorbable stitches. The rationale for this approach is 
supported by two early, short-term studies that found gastropexy to be associated 
with decreased recurrence [7, 8]. A subsequent study, however, with longer-term 
follow-up found no difference in rates of recurrence between patients receiving gas-
tropexy and no gastropexy [9].

Hernia Sac Excision There is debate about whether or not the hernia sac should be 
excised. Advocates for sac excision point toward studies suggesting that this reduces 
hernia recurrence [10, 11]. Those who do not perform sac excision point out that 
these studies are underpowered and that dissection alone is sufficient [12]. The cur-
rent SAGES guidelines consider both sides by recommending that the hiatal hernia 
sac should be dissected (strong recommendation) and preferably excised (weak rec-
ommendation) [2].

Robotics Compared to open abdominal surgery, the laparoscopic approach for 
hiatal hernia repair has been associated with decreased morbidity and shorter 
length of stay [13, 14], making it the preferred approach [15]. The role of robot-
assisted minimally invasive surgery is less defined. On one hand, the robot may 
be helpful in operating in tight spaces with improved dexterity around the hia-
tus. However, the lack of haptic feedback may threaten the quality of suture 
tying around the cura that is key to the operation. At present, there does not 
appear to be a clear advantage to make the robot a preferred approach over stan-
dard laparoscopy [16, 17].

Challenges encouraged during laparoscopic hiatal hernia repair and potential 
solutions are reviewed in Table 19.2.

 Post-operative Management

Diet Early post-operative dysphagia rates have been reported as high as 50%. We 
recommend patients to begin with a clear liquid diet and advance as tolerated. Ice 
and cold liquids should be avoided as they can cause irritation and are poorly 
tolerated.

Table 19.2 Challenges encountered during hiatal hernia repair

Challenge Potential solution
Short esophagus Collis gastroplasty
Diaphragm tension during defect closure Lateral relaxing incisions
Enter pleural cavity during dissection Close defect OR use red rubber catheter during 

operation, then ask anesthesia to hyper-inflate to 
remove CO2 OR leave alone

Concern for replaced left hepatic artery 
during dissection

Clamp vessel, observe liver perfusion before taking 
vessel
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Antiemetics Antiemetic medications also have an important role in the immediate 
post-operative period. Early gagging, belching, and retching are thought to predis-
pose patients to early failure of their hiatal hernia repair and anti-reflux procedure 
[18]. For this reason, many surgeons schedule antiemetics in the immediate post-
operative period with low threshold for subsequent as needed doses.

Imaging Signs and symptoms concerning for a hernia recurrence or leak are indi-
cations for contrast imaging. In asymptomatic patients, contrast imaging is not rou-
tinely performed. Some surgeons, however, do obtain post-operative contrast 
imaging to confirm new anatomy, particularly in challenging cases.

 Post–operative Complications

Post-operative complications can be classified into early and late complications.

 Early Complications

The most frequent complication observed in the immediate post-operative period 
occurs due to iatrogenic injury to structures surrounding the hiatus. Injury to the 
pleural cavity can result in a pneumothorax. Missed bowel injury (often from 
traction) can manifest as a delayed perforation that requires reoperation. And 
although quite rare, the dreaded complication of an early recurrence of the hiatal 
hernia has been described. This latter complication underscores the motivation 
behind aggressive antiemetic medications in the immediate post-operative 
period.

Unrelated to the iatrogenic injury, patients undergoing hiatal hernia repair are 
also at notable risk for post-operative myocardial infarction, pneumonia, and respi-
ratory distress. The incidence of these complications likely reflects the older age 
demographic that develop hiatal hernias and undergo surgery. This set of complica-
tions supports the position of many surgeons to not operate on asymptomatic hiatal 
hernias in older patients with significant comorbidities.

 Late Complications

Complications have also been described well after the immediate post-operative 
period. Delayed gastric emptying can occur as a result of irritation or injury to the 
vagus nerve during the operation. Dysphagia has also been observed, particularly 
with patients who underwent a full Nissen fundoplication. Because of this observa-
tion, some surgeons favor only a partial wrap in patients who have any evidence of 
esophageal dysmotility preoperatively.
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 Post-operative Outcomes

Post-operative outcomes after hiatal hernia repair include rate of recurrence and 
improvement in preoperative symptoms.

Recurrences detected by endoscopy or contrast studies range from 4 to 42% 
[19–23]. Larger hernias appear to have higher rates of recurrence. Nearly all studies 
have consistently reported that radiographic recurrences are often associated with 
no new symptoms. As such, many people also consider following symptoms and 
quality of life scores.

Multiple studies demonstrate that patients do have a significant improvement in 
symptoms related to their hiatal hernia. For example, a review of 111 patients under-
going hiatal hernia repair observed their symptoms scores decreased significantly at 
1- and 3-year follow-up compared to their preoperative baseline [24]. Consistent 
with the data on radiologic recurrence and symptoms, many patients who experi-
ence a small recurrence appear to still report improved quality of life after hiatal 
hernia repair [25].
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20Transthoracic Hiatal Hernia Repair

Paul Linsky and Benjamin Wei

With the widespread acceptance of and access to laparoscopy, the use of a transtho-
racic approach for repairing a hiatal hernia has become a rare event. Laparoscopic 
hiatal hernia repair, typically paired with a fundoplication and/or gastropexy, has 
become the most common method of dealing with this pathology. A NSQIP data-
base retrospective review examined over 8000 patients who had paraesophageal 
hernia repair from 2005 to 2011; only 2.4% underwent transthoracic repair [1]. 
However, in certain situations, such as in a patient who has had multiple transab-
dominal repairs or otherwise has a hostile abdomen, transthoracic hiatal hernia can 
be an important alternative.

 Indications

Any patient with a hiatal hernia or paraesophageal hernia is a candidate for this 
procedure. A laparoscopic or robotic transabdominal approach, however, is gener-
ally the first choice for a first-time or initial reoperative approach given its benefits 
in terms of recovery time, postoperative pain, and decreased respiratory complica-
tions. A transthoracic approach is particularly beneficial for a few subsets of patients. 
An obvious advantage is seen in the rare case of a patient also requiring treatment 
of disease of the left chest, whether it involves the lung, esophagus, or chest wall, in 
which simultaneous transthoracic hiatal hernia repair makes sense. A more common 
scenario involves a patient who has undergone multiple previous transabdominal 
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hernia repair operations or multiple abdominal operations. Operating in a virgin 
field may reduce the chance of intraoperative complications related to accessing the 
abdominal cavity and the hernia itself. Prior transthoracic hiatal hernia repair also 
may predispose a patient to requiring a repeat transthoracic approach; that said, we 
often approach these patients through the abdomen and employ VATS or thoracot-
omy only if intrathoracic adhesions prevent the hernia from being reduced.

The answer to the question of whether to operate on all large paraesophageal 
hernias remains elusive. Conventional thinking dictates repair for any patient found 
to have one in order to eliminate the risk of strangulation. Others believe that the 
risk of needing emergency surgery for a paraesophageal hernia is low, at closer to 
10–15% over a patient’s lifetime, or around 1.1% per year [2, 3]. Therefore, some 
feel that asymptomatic patients can be managed conservatively, especially patients 
at higher operative risk. Generally speaking, however, paraesophageal hernia repair 
should be offered to symptomatic patients if their operative risk is acceptable. 
Symptoms of paraesophageal hernia include postprandial abdominal or chest pain, 
dysphagia, dyspnea, regurgitation, postprandial vomiting, GERD, and early 
satiety.

 Preoperative Evaluation

As for any operation, a complete history and focused physical exam should be per-
formed on all patients. Patients should be asked about the symptoms noted above. 
Anemia can also be a manifestation of paraesophageal hernia, as it can arise from 
the chronic low-grade loss of blood from gastric ulcers/erosions and gastritis in the 
incarcerated stomach. On the other hand, the clinician should not always assume 
that respiratory and gastrointestinal issues are automatically related to the hernia. A 
thorough assessment of the patient’s cardiopulmonary and gastrointestinal issues 
with any relevant testing should be done. Specifically, the preoperative evaluation 
for a transthoracic hiatal hernia is the same as for a transabdominal approach. It 
consists of obtaining a barium or gastrografin swallow study to assess anatomy. 
Upper endoscopy can be employed but more often is performed on the day of sur-
gery to detect the rare concomitant esophageal or gastric pathology that would dic-
tate a different strategy. Manometry can be attempted but is often unsuccessful for 
patients with large paraesophageal hernias. Similarly, pH study is often difficult due 
to technical reasons. In addition, the conduct of the operation in our experience is 
unlikely to change based on results from this testing. A CT scan of the chest and 
abdomen is not mandatory but helpful for determining what organs are herniated 
into the chest and revealing any other intra-abdominal or intrathoracic abnormality 
that needs to be considered. Infrequently, a patient with an elevated hemidiaphragm 
due to eventration or paralysis can be confused with a large paraesophageal hernia; 
generally, however, the history of the patient can reveal the culprit injury in cases of 
diaphragmatic paralysis. Fluoroscopy with the patient sniffing or inspiring should 
detect paradoxical motion of the hemidiaphragm in these cases. In addition, close 
attention to the CT scan should be paid; a thin section of diaphragm may be visible 
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and allow for differentiation between a massive paraesophageal hernia and elevated 
hemidiaphragm.

Pulmonary function should be assessed; many patients will describe dyspnea as 
a symptom of their hernia, and it is helpful to know how impaired their lungs are 
and if they have any coexisting pulmonary disease that would make recovery from 
a thoracotomy more difficult. This also serves as a baseline to which postoperative 
values can be compared. Consideration to having a workup for myocardial ischemia 
in higher-risk patients should be given.

 Technique

The technique described is for the open transthoracic hiatal hernia repair. Few case 
reports of completely thoracoscopic hiatal hernia repair exist [4, 5]. A double-lumen 
endotracheal tube is placed at the time of intubation. An esophagoscope can be 
inserted in order to act as a stent preventing the hiatal repair from being too tight, 
although the surgeon should recognize that an adult endoscope is equivalent only to 
an approximately 36 Fr bougie (standard bougie size for this purpose is 51–54 Fr). 
The patient is positioned in right lateral decubitus. A left posterolateral thoracotomy 
is performed. The chest is typically entered through the sixth or seventh interspace. 
The left lung must be mobilized superiorly to provide adequate exposure to the 
hiatus. Therefore, the inferior pulmonary ligament is incised to the level of the infe-
rior pulmonary vein. Next, the mediastinal pleura is incised and the pleura overlying 
the esophagus is opened. Adequate mobilization is then performed by mobilizing 
the esophagus from the carina to the diaphragm. The hernia sac is then dissected off 
the esophagus and mobilized so that it can be reduced through hiatal defect. This 
generally requires circumferential freeing of the sac from the edge of the hiatal 
defect. Occasionally short gastric vessels require division in order to fully reduce 
the stomach. The diaphragmatic hiatus can be purposefully enlarged during the pro-
cess of mobilizing and reducing the hernia to facilitate this process. The fundus of 
the stomach is restored to its normal anatomic position; the crural approximation 
sutures are placed, but not tied. During mobilization of the anterior esophageal fat 
pad, the vagus nerves need to be identified and protected. Mobilization of the fat pad 
enables identification of GEJ to determine if there is appropriate intra-abdominal 
esophageal length. Additionally, the dissection not only allows for identification of 
the anterior vagus but also creates better adhesion of the stomach to the future fun-
doplication. If the patient has a shortened esophagus, a Collis gastroplasty can be 
performed at this time. If performing this, consideration should be given to replac-
ing the esophagoscope with a 54 Fr bougie to avoid narrowing. Gastroplasty is 
accomplished by using a GIA stapler and stapling into the stomach, parallel to the 
esophagus near the cardia of the stomach.

After this is completed, both crura are identified. It is critical to identify clearly 
the right crus of the diaphragm, which can be difficult to see as it is located at the 
bottom of the surgical field; a Babcock or Allis clamp can be used to grasp the crus 
and ensure that solid tissue is available for suturing. Once all of the anatomy is 
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delineated, the crural sutures may be placed. Crural sutures are usually needed both 
posterior and anterior to the esophagus and left untied for now. The use of laparot-
omy pads or surgical towels to keep the abdominal contents in place during this part 
of the operation can be helpful. Sutures to reapproximate the cut edges of any dia-
phragm that was divided to help reduce the hernia can be placed and tied.

We typically perform a Belsey Mark IV fundoplication [6]. This fundoplication 
is a partial wrap of 270 degrees made with two rows of three horizontal mattressed, 
2–0 or 3–0 braided polyester or silk sutures (Fig. 20.1). The sutures should be placed 
in the seromuscular layer (or to be accurate, in the adventitial and muscular layers 
of the esophagus and seromuscular layer of the stomach), but deep enough to bring 
the fundus to the esophagus without tension or tearing. If a staple line is present 
from the gastroplasty, the middle suture of each row should straddle it. The other 
sutures of each row are therefore 135 degrees left and right of the middle suture. The 

Fig. 20.1 (a) First row of horizontal mattress sutures for Belsey Mark IV fundoplication during 
transthoracic hiatal hernia repair. (b) Second row of horizontal mattress sutures (transdiaphrag-
matic) for Belsey Mark IV fundoplication
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next row is spaced 1–1.5 cm from the fold created by tying down the sutures in the 
previous row. This row of sutures is placed into the diaphragm as well, to secure the 
repair to it. After the esophageal and gastric “bites” are taken, the needle is then 
passed through the diaphragm about 1 centimeter from the edge, from inferior to the 
diaphragm to superior so that the knot is tied on the thoracic side of the repair. These 
should follow in the orientation of the previous rows and respect the 270-degree 
spacing of the fundoplication. The GEJ and the fundoplication are translocated into 
the abdomen when these sutures are tied.

A Nissen fundoplication can be performed through a thoracotomy as well; for 
obvious reasons, this requires somewhat greater mobilization of the fundus than a 
Belsey fundoplication.

At this point, the crural sutures are then tied, reapproximating the hiatus. When 
tied, the reconstructed hiatus should open enough to slide a finger next to and past 
the esophagus.

A chest tube should be placed in the left chest and the thoracotomy closed in the 
usual fashion.

Fig. 20.1 (continued)
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 Postoperative Care

Immediately postoperatively, two key patient factors must be assessed and con-
trolled. These are patient nausea and gastric distension. Both directly affect the 
tension and stress placed on the newly reconstructed hiatus and constructed fundo-
plication. Scheduled antiemetics should be considered given the recent gastric sur-
gery and possible emetogenic effects of anesthetics and analgesics. We do not 
routinely place a nasogastric tube. However, if significant distention is visible on 
postoperative radiograph, placement can be considered.

Pain control is critical following thoracotomy. Modalities to control pain should 
be escalated if necessary. Patient-controlled intravenous analgesia is often, but not 
always, necessary. Certain institutions may prefer preoperative placement of an epi-
dural catheter, paravertebral catheter or nerve block, or long-acting liposomal bupi-
vacaine nerve block. Non-narcotic measures such as nonsteroidal anti-inflammatory 
drugs, acetaminophen, lidocaine patches, and muscle relaxants should also be uti-
lized in order to decrease the amount of narcotic required and thereby reduce the 
adverse side effects of their administration. Intravenous fluids should be minimized 
given that they appear to increase the risk of pulmonary complications. Any of these 
outcomes could prolong recovery. The head of the patient’s bed is best to be ele-
vated to 30 degrees. This should assist in reducing edema, helping pulmonary func-
tion, and draining any fluid in the chest. Chest tube management can be left to the 
surgeon’s preference, but we recommend obtaining a chest x-ray to ensure proper 
re-expansion of the lung and proper position of the chest tube and nasogastric tube, 
if employed. Patients can take sips of liquid the afternoon/evening of surgery but 
should be instructed to seek assistance if there is any urge to retch or vomit.

On postoperative day 1, the patient should be instructed and encouraged to be out 
of bed and ambulate as much as he or she can tolerate. An esophagram is generally 
obtained to both check for perforation and to establish a baseline with regard to the 
radiographic appearance of the esophagogastric junction and wrap. Some postop-
erative edema, manifested by slow transit of contrast through the fundoplication, is 
to be expected. If it had been placed, the nasogastric tube can usually be removed. 
Chest tube removal should follow usual parameters in terms of absence of air leak 
and reasonable daily output (up to 400–500 cc per day) and full re-expansion of the 
lung with minimal to no pneumothorax. Deep vein thrombosis prophylaxis should 
be used (and should have been initiated prior to general anesthesia).

The appropriate progression of the diet is always a question following any ali-
mentary surgery, and the transthoracic hiatal hernia repair is no different. Delayed 
gastric emptying should always be on the mind of the surgeon. Even the patient 
tolerating clear liquids may not be able to advance to regular or soft diet quickly. A 
postoperative ileus is not uncommon following transthoracic hiatal hernia repair. 
Conservative management would wait for the patient to have evidence of return of 
bowel function in the form of flatus prior to advancing past clears. This pace may be 
too slow for some. Each surgeon should prepare their own algorithm to advance the 
patient’s diet. We generally only advance to a soft diet while in the hospital. Patients 
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may be discharged when the chest tube has been removed, tolerating a reasonable 
diet, and pain control managed with oral medications alone. Proton-pump inhibitors 
or other GERD medications are generally continued in the acute setting and may be 
discontinued later if the patient is able.

At discharge, instructions to the patient include remaining on a soft diet for 
2–3 weeks and to chew food very thoroughly prior to swallowing. As with any post-
operative patients, activity and weight lifting restrictions do apply. An increase in 
intra-abdominal pressure could result in injury to the repair and recurrence, as well 
as pose a risk of incisional hernia and bowel obstruction. Follow-up is scheduled 
within 2–4 weeks. A repeat esophagram at that visit is unnecessary.

 Postoperative Complications

The complications of this operation are a combination of the typical complications 
seen in hiatal and paraesophageal surgery and thoracic surgery. The use of a thora-
cotomy does cause increased pain, especially in comparison with laparoscopic 
approaches. Atrial fibrillation is a risk following thoracotomy but is controlled with 
rate and/or rhythm control and is usually self-limited. Pneumonia can occur; post-
operative pulmonary toilet and early ambulation are used to prevent this complica-
tion, which is managed with antibiotics. If significant adhesions between the hernia 
and the lung were lysed, an air leak may be present; this typically resolves with 
observation alone. Chest tube output tends to be higher following thoracotomy than 
VATS. Bleeding requiring transfusion and/or reoperation is, and should be, quite 
rare. Short gastric arteries can be susceptible to delayed bleeding. Additionally, 
Belsey described the presence of a communicating artery that connects the inferior 
phrenic artery to the left gastric artery. It is typically in a thick tissue band that must 
be divided to properly mobilize the stomach from the hiatus. As with any surgery, 
scrupulous detail to hemostasis must be performed. Additionally, Orringer reported 
bleeding from shallow ulcers after this operation [7]. These were formed proximal 
to strictures and resulted from erosive esophagitis. Management, as with any upper 
gastrointestinal bleeds, involves endoscopy to assess and possibly control the bleed-
ing, blood transfusion if the patient is unstable, and intravenous antacid therapy. In 
Orringer’s series, no surgery was required, and only PPI or H2 blockers were 
needed [7].

Dysphagia is the most common complication in both immediate and delayed 
postoperative period. Initially, this is due to edema at the surgical site and resolves 
with time and patience. Prolonged dysphagia is often due to stricture of the distal 
esophagus. This stricture is often present at the time of the operation and can be the 
result of overtightening of the hiatus. Often, a single dilation with a balloon or bou-
gie is all that is necessary to improve the patient’s swallowing. In a few patients, 
repeated dilatations may be needed.

Leak can occur either in the esophagus or the stomach. For the esophagus and 
sometimes the proximal esophagus, a contrast exam is helpful. An uncontained leak 
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in the esophagus may benefit from stent placement, while a contained leak typically 
can be managed without it. The leak should be reassessed in 3–4 weeks; if healed, 
oral nutrition should be initiated. Reoperative thoracotomy should be considered if 
stenting is unsuccessful. If a gastroplasty is performed or if considerable amount of 
tension is placed on the repair due to inadequate mobilization or retching or gastric 
distension, the stomach can leak. With a stapled gastroplasty, inadequate tissue 
compression or overdistension prior to healing can be the cause. Any patient with 
unexplained tachycardia or signs of sepsis should be evaluated for a leak. Many 
patients can be treated nonoperatively by making the patient NPO and starting intra-
venous antibiotics. Some form of nutrition should be instituted, whether enterally 
via a feeding tube of some kind or parenterally. Clinical deterioration or peritonitis 
should provide the impetus for operative reexploration and repair, typically through 
a transabdominal route in cases of suspected gastric perforation. Alternatively, the 
hiatal hernia repair can be taken down and the stomach examined through the chest.

With mobilization of the esophagus from the arch to the diaphragm and dissec-
tion at the gastroesophageal junction, permanent or temporary injury to one or both 
vagus nerves can result in delayed gastric emptying, or gastroparesis. This is mani-
fested by nausea/vomiting and inability to tolerate oral intake after surgery, some-
times accompanied by bloating and/or abdominal pain. A distinction should be 
drawn between stricture and gastroparesis given their differing treatments; esopha-
gram and gastric emptying study can be helpful for diagnosis. As transthoracic hia-
tal hernia repair often tends to be performed in the context of prior operations on the 
esophagogastric junction, delayed gastric emptying is not uncommon. If delayed 
gastric emptying is suspected in the preoperative setting, a gastric emptying study 
should be performed in order to confirm that this is a pre-existing problem. 
Promotility agents often relieve the symptoms of gastroparesis. Placement of gastric 
pacemakers and pyloroplasty are more extreme options for gastroparesis not 
responding to medical therapy.

Recurrence of the hernia after repair, whether transthoracic or otherwise, can occur. 
A distinction, however, should be drawn between recurrences that are clinically rele-
vant and warrant reoperation and recurrences that are only radiologic in nature and 
asymptomatic or minimally symptomatic. Patients do not tolerate well a fundoplica-
tion that has herniated into the chest but remains intact. If significant dysphagia, regur-
gitation, or vomiting occurs, reoperative repair should be contemplated. Early 
dehiscence of the repair and recurrence of the hernia can occur acutely in the setting 
of postoperative retching/vomiting; reoperation should be offered in this situation.

 Postoperative Outcomes

Few large series of transthoracic hiatal hernia repairs exist. The transthoracic 
approach comprised only 2.4% of all repairs performed from 2005 to 2011 in the 
NSQIP database [1]. The vast majority of patients in that review underwent lapa-
roscopic repair (78.4%). The open transabdominal approach was less prevalent 
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but still almost ten times more common than the transthoracic approach (19.2%). 
In that study, the mortality of the transthoracic approach was more than laparo-
scopic, 1.5% vs. 0.5%, but less than the open transabdominal approach (2.6%). 
Length of stay was twice as long compared to the laparoscopic approach. 
However, patients were sicker and more likely to have CHF and COPD. After 
adjustment for age, ASA, emergency cases, functional status, and steroid use, 
the transthoracic approach still had increased odds of overall and serious mor-
bidity compared to laparoscopic repair (OR 2.73 and OR 2.49 respectively, 
p < 0.001).

Long-term outcomes over a 20-year period were reported from Emory University 
in 1997 [8]. They reported 276 patients that underwent the Belsey Mark IV fundo-
plication. It should be noted that only 9.7% of these patients were noted to have a 
paraesophageal hernia. The overall perioperative morbidity and mortality rates were 
low, at 10.1% and 0.4%, respectively. Early reoperation (0.7%), leak (0.7%), stric-
ture (0.4%), and other major complications were all rare. Late reoperations occurred 
in eight patients. Dysphagia was absent or only occasional in 79%; 6% required 
intervention for dysphagia. GERD symptoms were absent or occasional in 84% of 
patients.

In 2004, the University of Michigan published their 25-year experience of 240 
patients undergoing transthoracic repair for paraesophageal hiatal hernia [9]. Of 
these, 96% underwent a combined Collis-Nissen operation in 96%, Nissen fun-
doplication in 3%, and a Belsey Mark IV in 1 patient. The investigators reported 
a 1.7% perioperative death rate, median length of hospital stay of 7 days, and 
early reoperation in 5% of patients. Median follow-up was 27.8  months, and 
“satisfactory” results by patient report were achieved in 85%. Of 153 patients 
who underwent routine pre-discharge postoperative esophagram, 77% had satis-
factory postoperative appearance, with 17% having delayed esophageal empty-
ing and 5% with esophageal dysmotility. Four patients had early anatomic 
recurrences that were all reoperated on. A liberal policy of dilational therapy led 
to 31% undergoing dilation for dysphagia after surgery, but only 8% received 
more than one dilation. Late postoperatively, only six patients required further 
surgery (four for recurrent herniation, two for esophagectomy due to stenosis at 
the GE junction). Of 45 patients who had both preoperative and postoperative pH 
testing, 88% had preoperative abnormal reflux compared to 4% postoperatively. 
Dysmotility also decreased postoperatively, from 27% preoperative to 7% 
postoperative.

Taylor et al. have demonstrated that reoperative transthoracic hiatal hernia repair 
can also be done safely [10]. Major postoperative complications occurred in only 
12% of their overall group of 65 patients (42 patients in initial group, 23 patients in 
reoperative group). In-hospital mortality occurred in only one patient (initial repair). 
Reoperative transthoracic hiatal hernia repair was associated with higher postopera-
tive symptomatic bloating and dysphagia scores and less improvement in GERD-
related quality of life scores compared to initial repair. Overall quality of life scores, 
however, were similar.
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 Conclusion
Although a minimally invasive transabdominal approach is now the preferred 
initial approach to paraesophageal hernia due to decreased perioperative morbid-
ity, transthoracic hiatal hernia repair is a useful operation for certain patients. 
The few reports that exist come from large, specialized centers but demonstrate 
very good short-term results and long-term freedom from reoperation, reflux, 
and dysphagia.
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21Esophageal Lengthening Procedures

Monisha Sudarshan and Shanda Haley Blackmon

The concept of acquired short esophagus is possibly one of the most controversial 
aspects in surgery for benign esophageal disease. Many experienced surgeons chal-
lenge the existence of this condition [1, 2], whereas others attest to the importance 
of its recognition and treatment to optimize surgical outcomes. Regardless, esopha-
geal lengthening procedures are useful techniques in the armamentarium of an 
upper GI surgeon and are the focus of this chapter.

 Incidence and Pathophysiology

The incidence of shortened esophagus is challenging to ascertain due to a lack of 
uniform definition with a wide variation in the surgical literature. Recent studies at 
high-volume centers identify rates between 0% and 18% [3–5] depending on the 
need for extensive mediastinal dissection and Collis gastroplasty. Pathophysiology 
of a foreshortened esophagus is multifactorial and attributed to chronic inflamma-
tion in the setting of GERD. A lax lower esophageal sphincter results in refluxed 
gastric juices with edema and inflammation seeping from the mucosa into the 
esophageal wall. Chronicity of this insult causes transmural inflammation and lon-
gitudinal fibrosis and is presumed to be the cause of a shorter esophagus [6, 7].

Treating a short esophagus or intra-abdominal esophageal length of <2.5 cm is 
imperative to ensure decreased tension of the wrap, prevent wrap failure, and avoid 
recurrence. Of particular importance is the higher failure rates noted for giant para-
esophageal hernias where a lengthening procedure will be of benefit [8].
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 Preoperative Prediction of the Short Esophagus

No single preoperative test is adequate to predict the need for esophageal lengthen-
ing maneuvers, although a patient with a giant paraesophageal hernia that has been 
present for more than 30 years with severe reflux is certainly a warning sign. The 
usual battery of preoperative tests for GERD patients includes upper endoscopy, pH 
study, manometry, and an upper GI contrast esophagogram (Fig. 21.1). Some stud-
ies suggested that presence of long segment (>5 cm) nonreducible type I hernia or a 
type III hernia on esophagogram were predictive of a short esophagus [9]; however 
other investigations have yielded a positive predictive value of only 50% for barium 
esophagograms [6]. Esophageal length on manometry is useful if found to be below 

a

c

b

Fig. 21.1 (a) 3-D model of a giant paraesoph-
ageal hernia. (b, c) Preoperative esophago-
grams demonstrating giant paraesophageal 

hernias in patients with long-standing reflux. 
Both patients required a modified Collis wedge 
gastroplasty
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the 5th percentile, but absolute values are difficult to interpret due to variation 
according to body habitus [10].

Endoscopic measurements of esophageal length, when corrected for height, have 
been used for prediction. The esophageal length index (ELI) is the ratio of esopha-
geal length (cm) to the patient’s height (meters) with an ELI of 19.5 or less having 
a positive predictive value of 81% and a negative predictive value of 83% [11]. The 
use of information from all tests conducted preoperatively will aid in prognostica-
tion of a lengthening procedure; however definite assessment takes place intraop-
eratively (Table 21.1).

 Intraoperative Evaluation for Conducting a Lengthening 
Procedure

Prior to determining esophageal length, any intrathoracic stomach must be com-
pletely reduced along with removal of the hernia sac. Classification of circumferen-
tial mediastinal mobilization of the esophagus is labeled as type I if the length is less 
than 5 cm and type II when it is between 5 and 10 cm [6]. The vagus nerves must be 
identified and preserved during this mobilization in order to prevent delayed gastric 
emptying postoperatively. After a type I mobilization is completed, the gastroesoph-
ageal fat pad is dissected medially, and any tubes in the esophagus are withdrawn. 
Starting from the left side of the patient, the gastroesophageal fat pad is removed 
sparing the vagus to reveal the esophagogastric junction. The very best way to iden-
tify this is in conjunction with intraoperative endoscopy and transillumination of the 
esophagogastric junction (top of the rugal folds). One must be aware not to merely 
identify the squamocolumnar junction, as many of these patients may have Barrett’s 
esophagus, and this line may be falsely high above the esophagogastric junction. 
Intra-abdominal esophageal length can be estimated by measuring the distance from 
the hiatus to the gastroesophageal junction without utilizing any instruments to pull 
down on the esophagus during the measurement with an aim of 2.5 cm to ensure 
minimal tension on the fundoplication. If the intra-abdominal length is suboptimal, 
further mediastinal dissection of up to 10 cm (type II mobilization) should be com-
pleted for mobilization. Some authors have identified the carina [12] or the inferior 
pulmonary veins [13] as their upper limit. Extensive mediastinal dissection 

Table 21.1 Predictive 
factors for an esophageal 
lengthening procedure

Long history of GERD (>30 years)
Failed reflux operation
Presence of a stricture >1 cm
Type III and IV hernia
Esophageal length < 5th percentile on manometry
Esophageal length index <19.5 on endoscopy

Esophageal length index: esophageal length (cm)/patients’ height 
(meters)
GERD gastroesophageal reflux disease
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generally yields an adequate intra-abdominal length [14]; however, if this is still 
insufficient, modified Collis gastroplasty techniques will be required to decrease 
tension (Fig. 21.2) and reduce recurrence.

 Techniques for Esophageal Lengthening

The original Collis gastroplasty described in 1957 was performed through a thora-
coabdominal incision [15]. With the progress of minimally invasive techniques, cur-
rently the modified Collis wedge gastroplasty is completed laparoscopically, often 
using the same port placement required for the fundoplication. Our standard port 
placement is a 5 mm epigastric port for a Nathanson liver retractor, two surgeon 
ports in the right midclavicular (5 mm) and left subcostal (10 mm) region, a supra-
umbilical camera port (10 mm), and a midaxillary assistant port (5 mm).

The left subcostal operator port is upsized to a 12 mm port and a 50F bougie is 
inserted. The surgeon retracts the stomach just beyond the angle of His using the 
right operator port, and the assistant applies downward traction near the first short 
gastric artery in order to fan out the stomach in preparation for a wedge gastroplasty. 
A reticulating endoscopic stapler is introduced through the left subcostal port and 
fired at a 45-degree angle aiming for 3 cm below the GEJ and abutting the bougie. 
Usually two to three firings of the linear stapler may be required (Fig. 21.3). Then, 
a vertical firing of the staple parallel to the bougie results in completion of the 

Reduction of PEH with hernia sac

Complete type I mobilization

Identify gastroesophageal junction

Remove all traction
Retract bougie/NGT tube
Use of endoscopy and transillumination

Medialize GE fat pad

Intra-abdominal esophagus
>2.5 cm

Intra-abdominal esophageal
length <2.5 cm

Intra-abdominal esophageal
length <2.5 cm

Proceed with modified Collis
gastroplasty

Proceed with fundoplication Type II mobilization

•
•
•
•

Fig. 21.2 Intraoperative 
decision-making algorithm
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wedge. A fundoplication can be completed in the usual manner for a wrap fashioned 
around this neo-esophagus with the bougie still in place. The wrap should ideally 
cover the staple line, and it is not typically necessary to oversew the staple line.  
Of note, performing a lengthening procedure on a stomach with ischemic changes 
such as patients with volvulus is highly discouraged due to increased risk of leak.

Important aspects to consider when performing the wedge gastroplasty include 
avoiding a 90-degree angle with the stapler which inadvertently removes a larger 
portion of the fundus, leaving the same length gained on the esophagus but a smaller 
portion of fundus to perform the wrap. The use of a bougie is imperative to avoid 
stenosis of the neo-esophagus.

a

b

c

Fig. 21.3 Construction of 
the modified Collis wedge 
gastroplasty. (a) First 
staple fire at 45 degrees 
with bougie in place. (b) 
and (c) Second staple fire 
parallel to the esophagus 
completing the wedge 
gastroplasty
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A modified Collis gastroplasty can be performed with a Nissen and Toupet [16] 
and less often with a Dor [17] fundoplication. Type of fundoplication will be  
dictated by the preoperative esophageal motility studies and factors including 
scleroderma, diffuse esophageal spasm, and achalasia.

Slight variations to the modified Collis gastroplasty are published in the current 
literature with good outcomes. Wilson and colleagues [18] describe their approach 
consisting of a single fire of the endoscopic stapler parallel to the bougie through a 
single left anterior axillary line intercostal space incision after completing all the 
usual steps laparoscopically. The group describes obviating the need for a wedge 
fundectomy and crossing staple lines with this technique.

 Postoperative Management

A nasogastric tube is inserted intraoperatively, and postoperative nausea is carefully 
controlled to avoid retching or vomiting which strains the wrap. We selectively per-
form barium swallow on postoperative day 1, and if no leak is confirmed, the naso-
gastric tube is removed, and the patient resumes a clear fluid diet. Gradual 
progression to a soft fundoplication diet is advised and discharged is planned typi-
cally on POD 1. Occasionally esophagograms performed after Collis gastroplasty 
may be misinterpreted as recurrence due to the presence of rugal folds above the 
wrap, and caution must be exercised when reading these images.

 Review of Outcomes

Prevention of staple line leak is a foremost priority after a modified Collis proce-
dure. In recent series, the incidence for wedge gastroplasty does not demonstrate 
any significant increased leak risk in comparison with a fundoplication-only cohort 
[19, 20].

Furthermore, since the neo-esophagus lacks motility, worsened dysphagia is 
another concern for these patients. Studies have demonstrated a slightly higher rate 
of dysphagia in comparison with fundoplication-only patients; however these have 
not been statistically significant. Furthermore, when comparing pre- and postopera-
tive dysphagia symptoms, consistent improvement in the modified Collis cohort has 
been noted [19].

Due to an aperistaltic segment and wrap around the mucosa that can still produce 
acid, increased reflux is another postoperative issue to consider. Studies have con-
firmed a longer acid clearance time in patient with a Collis gastroplasty in compari-
son with a fundoplication-only group [21]. However, reflux symptoms and use of 
anti-reflux medication have demonstrated to be comparable in the two groups [19].

Recurrence rates or wrap failure after a Collis gastroplasty ranges between 0% 
and 18% in a recent review of current literature [22]. It is difficult to compare recur-
rence rates as patients are not followed routinely with imaging, and the definition of 
recurrence differs among studies (radiologic vs. clinical). In a few studies, wrap 
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failure and recurrence for giant paraesophageal hernias (where a Collis gastroplasty 
is now often employed) who received only a fundoplication were between 32% and 
42% [23–25]. Therefore, this suggests a trend of improved outcomes with the modi-
fied Collis procedure.

 Summary

A key to the success of the reflux operation and paraesophageal hernia repair is a 
tension-free intra-abdominal wrap. Esophageal lengthening procedures are required 
when there is a less than 2.5 cm of intra-abdominal esophagus. Conditions often 
associated with this include chronic GERD, giant hernia, and presence of a stric-
ture; however, ultimately the need for a Collis gastroplasty can only be determined 
intraoperatively. Type II mobilization of the esophagus is critical to gaining length 
in addition to careful determination of the gastroesophageal junction. The modified 
Collis gastroplasty holds the potential to decrease recurrence and wrap failure in the 
properly selected patient population. It is associated with minimal morbidity with 
most studies demonstrating equivalent quality of life outcomes in comparison with 
fundoplication-only cohorts.
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22Management of Acute Gastric Volvulus
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 Introduction

Acute gastric volvulus is a surgical emergency defined as rotation of the stomach 
greater than 180 degrees, causing foregut luminal obstruction and compromising 
blood flow to the stomach. Mortality of acute gastric volvulus has historically been 
as high as 60% with complicated volvulus; however with advances in diagnosis and 
management to include laparoscopic and endoscopic intervention, the mortality has 
declined to 15–20% [1, 2]. A high index of suspicion is necessary to ensure a prompt 
work-up and intervention as the cohort of patients likely to be affected by this phe-
nomenon are elderly patients with concomitant comorbid conditions.

 Pathophysiology

Gastric volvulus shows no predilection for gender or race. It is most common in the 
sixth decade of life although 20–30% occur in children less than 1 year of age. The 
stomach is held in position by four ligaments: the gastrocolic, gastrohepatic, gastro-
phrenic, and gastrosplenic ligaments. These ligaments along with the pylorus and 
gastroesophageal junction aid in fixing the stomach in position that naturally pre-
vents rotation. Primary gastric volvulus is idiopathic abnormal rotation of the stom-
ach greater than 180° and occurs in approximately 30% of individuals to present 
with volvulus. Primary gastric volvulus includes abnormalities in these fixation 
points and may occur due to an inherent anatomic characteristic such as congenital 
abnormalities in fixation [3, 4]. Secondary gastric volvulus is more common, occur-
ring in 60–70% of patients [5]. In this case gastric volvulus may be associated with 
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disorders of the spleen or diaphragm, including hernias or eventration. A common 
association is that with paraesophageal hernia [6].

Abnormal rotation of the stomach is described by three different classifications 
and around two axes of rotation. Organoaxial rotation is that along the axis running 
from the gastroesophageal junction to the pylorus causing rotation of the greater 
curve of the stomach superior-medially to the lesser curve (Fig. 22.1). This is the 
most common axis of rotation and makes up approximately 60% of cases. This type 
of gastric volvulus is associated with paraesophageal hernias or diaphragmatic 
abnormalities. Mesenteroaxial volvulus is that within the transverse or short axis of 
the stomach, where the pylorus is rotated anterior and superior to the gastroesopha-
geal junction (Fig. 22.2). This occurs in approximately 30% of cases. A combina-
tion of these two classifications makes up the third and rarest type of gastric volvulus 
[4, 7, 8]. Differentiating between these types of gastric volvulus may be achieved on 
preoperative imaging. Mesenteroaxial rotation on abdominal x-ray imaging would 
appear as an inverted stomach [6].

Acute versus chronic gastric volvulus is a pivotal differentiation as the need and 
urgency of repair and mortality associated with nonoperative management are vastly 
different. Acute gastric volvulus is a surgical emergency as ischemia may develop 
in the gastric wall leading to perforation with or without cardiorespiratory compro-
mise if a hiatal hernia is concurrently present.

 Presentation

Patients presenting with gastric volvulus most commonly present with clinical find-
ings secondary to foregut luminal obstruction. Symptoms may be acute or chronic 
in nature, constant or intermittent. The classic description of a patient with acute 

Fig. 22.1 Organoaxial 
volvulus of the stomach. 
There is rotation along the 
long axis of the stomach 
from the hiatus to the pylorus
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gastric volvulus is described by the eponym Borchardt’s triad—epigastric abdomi-
nal pain, retching, and inability to pass a nasogastric tube. Less commonly patients 
may present with hematemesis secondary to gastric ischemia, mucosal sloughing, 
mucosal tear, or peptic ulcer disease.

Patients in extremis with clinical features consistent with shock may harbor gas-
tric ischemia or perforation. Acute gastric volvulus in conjunction with a paraesoph-
ageal hernia is of particular urgency due to its intrathoracic position and risk of 
cardiopulmonary compromise [7]. Case reports have documented the effects of 
acute gastric volvulus within the chest leading to cardiac tamponade, respiratory 
compromise, or mediastinitis with resulting risk of mortality [8].

In contrast, patients with a chronic relapsing gastric volvulus may present with 
non-specific gastrointestinal symptoms such as nausea and abdominal pain, post-
prandial bloating, or early satiety [9].

 Diagnosis

Several imaging studies can assist in confirming at diagnosis of acute gastric volvu-
lus and assist with operative planning.

A plain film x-ray of the chest may demonstrate a retro-cardiac mass with an air- 
fluid level. Additional studies to investigate these findings may include an upper 
endoscopy, upper gastrointestinal (UGI) fluoroscopic exam, or computed tomogra-
phy (CT) scan.

When patients present with hematemesis, an upper endoscopy is often per-
formed. It has been demonstrated in the literature that endoscopy can be helpful in 
making the diagnosis of acute gastric volvulus in two thirds of patients and is diag-
nostic itself in one third of patients [3]. There are several findings on endoscopy 
that may lead to the diagnosis of acute gastric volvulus including mucosal edema, 
erosions or ulcerations, and inability to pass through the pylorus. These findings 
may increase the index of suspicion for acute gastric volvulus and prompt further 
imaging [5].

Fig. 22.2 Mesenteroaxial 
volvulus. There is rotation 
along the short axis of the 
stomach transecting the 
lesser and greater curves
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A CT scan of the chest and abdomen can be helpful in several ways. Not only 
does a CT scan provide a confirmation of a diagnosis of gastric volvulus but it also 
assists in operative planning. Presence of a hiatal hernia or defect in the diaphragm 
can be evaluated ahead of time as well as the integrity of the gastric wall and pres-
ence or absence of threatened or ischemic bowel. Providing a 3D reconstructed 
view of the gastric vasculature with a CT angiogram can further describe the degree 
of ischemia and definitively describe the volvulus as acute or chronic [5].

A definitive diagnosis can be achieved by obtaining an UGI. This may demon-
strate the site of obstruction, the orientation of the stomach, as well as a pointed or 
downturned pylorus [10]. In a single institution review of cases, it has been demon-
strated that barium studies have been the most helpful in achieving a diagnosis of 
gastric volvulus [11]. Out of 25 studies performed during their institutional review, 
14 were diagnostic of gastric volvulus. Of the remaining 11 studies performed, 7 
were suggestive of the diagnosis. This study more than any other imaging study, 
x-ray, CT scan, or endoscopy, was most beneficial in making the diagnosis.

 Management Strategies

Management of an acute gastric volvulus is traditionally a surgical emergency due 
to the risk of ischemia with resulting increased morbidity and mortality. Prompt 
initiation of therapy should include decompression of the stomach with a nasogas-
tric tube versus endoscopic decompression. The original description of definitive 
surgical management of gastric volvulus was described by Tanner et al. in 1964. The 
methods described follow two main principles: repair any precipitating condition 
and prevent recurrence [6]. Surgical intervention includes reduction of the volvu-
lized stomach, resection of gastric necrosis if present, and gastropexy.

The procedures described in the early literature for gastric volvulus were per-
formed for both chronic and acute presentations, and all were performed with an 
open midline laparotomy. Due to the increased prevalence of gastric volvulus in the 
elderly population, the pendulum had swung to a more conservative approach, espe-
cially in those whom the volvulus is suspected to be chronic [12].

Approaching acute gastric volvulus laparoscopically has been demonstrated to 
be safe and effective, with shorter hospital length of stay compared to those 
approached open [2, 11]. Standard treatment components include reduction of the 
volvulized stomach with gastropexy [2]. In patients with gastric volvulus associated 
with a paraesophageal hernia, the treatment algorithm includes reduction of the 
hernia, hiatal hernia repair, and fundoplication with or without gastropexy. In high- 
risk patients with significant comorbidities, operating time can be minimized by 
limiting the operation to reduction of the volvulus and gastropexy alone. Long-term 
studies are limited as to the outcome of these patients and recurrence rates without 
diaphragmatic repair. Likewise, in patients with a high operative risk, authors have 
described placement of a percutaneous endoscopic gastrostomy tube (PEG) as a 
means of gastropexy in cases of chronic gastric volvulus although long-term out-
comes have not been reported [11, 13]. There have been cases reported in the 
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pediatric literature of recurrent gastric volvulus after gastropexy alone suggesting 
this may not be a definitive solution [14].

Endoscopic reduction of gastric volvulus has been described most commonly for 
chronic gastric volvulus although multiple case series have been published suggest-
ing possible utility in acute gastric volvulus as well [15–17]. Endoscopic detorsion 
is a method used for reduction in order to bridge the patient for an elective repair as 
it offers no definitive prevention of recurrence. The technique is described as an 
“alpha loop technique” in which the scope is introduced into the stomach, retro-
flexed to create an alpha loop, and then by torqueing the endoscope clockwise, the 
volvulized stomach is reduced [15]. Omata et al. described a case of acute mesen-
teroaxial gastric volvulus successfully reduced endoscopically allowing the patient 
to be discharged and undergo a laparoscopic gastropexy in an elective setting [16]. 
This technique was able to be performed as the patient did not exhibit signs of 
bowel ischemia which would warrant immediate operative intervention. Endoscopic 
decompression has also been used as an alternative to surgical intervention on 
patients determined to be at prohibitively high risk.

 Conclusions

Acute gastric volvulus is a rare, life-threatening condition which demands a high 
index of suspicion for expeditious work-up and intervention. Diagnosis is made 
most commonly with barium upper GI studies and CT imaging with or without 
upper endoscopy. Treatment is initiated with gastric decompression with a naso-
gastric tube or endoscopic decompression. Definitive surgical management 
includes reduction of the volvulized stomach, resection of gastric necrosis if 
present, and gastropexy. Precipitating conditions should be addressed concur-
rently including repair of diaphragmatic hernia and fundoplication as indicated. 
Endoscopic techniques for gastric decompression as a bridge to definitive man-
agement are recently being described. Use of PEG tubes as definitive manage-
ment may be indicated in high-risk patients without signs of ischemia in order to 
avoid high-risk surgery although long-term data regarding recurrence rates are 
limited.
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23Surgical Management: Other 
Diaphragmatic Hernias in Adults

Taher Gulamhusein, Nabeel R. Obeid, and Aurora D. Pryor

 The Diaphragm: Embryology, Anatomy, and Physiology

 Embryology

The diaphragm begins to form during the fourth week of gestation from the fusion 
of four embryonic precursors: the septum transversum anteriorly, the pleuroperito-
neal folds dorsolaterally, the crura from the esophageal mesentery dorsally, and the 
body wall mesoderm posteriorly.

The septum transversum is the precursor to the central tendon, arises from the 
ventral body wall, and initiates the developmental process. It encircles the esopha-
gus and great vessels and fuses with the foregut mesentery to separate the pleural 
and peritoneal cavities posteromedially.

The dorsal mesentery of the esophagus ultimately becomes the diaphragmatic 
crura and attaches the foregut to the dorsal body wall [1, 2]. The lateral margins of 
the diaphragm then develop from muscles of the thoracic wall and the pleuroperito-
neal folds. Neuromuscularization of the diaphragm proceeds in conjunction with 
the events above and completes the maturation of the primitive structure. The right 
pleuroperitoneal membrane typically closes before the left. Formation of the primi-
tive diaphragm is generally completed by the eighth week of gestation [3].
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 Anatomy

The diaphragm has three muscular components which radiate outward and are 
attached to a large central tendon. They are separated from each other by interven-
ing nonmuscular areas and are named the (1) pars lumbaris, (2) pars costalis, and (3) 
pars sternalis. The muscles of the diaphragm are continuous with the transversus 
abdominis muscle of the inner abdominal wall. The costal (pars costalis and sterna-
lis) and crural (pars lumbaris) components of the muscular diaphragm have distinct 
embryologic precursors, neurologic innervations, and functional properties.

 Muscular Portion of the Diaphragm
The pars sternalis is the smallest muscular component and originates from the pos-
terior layer of the rectus sheath. It inserts onto the central tendon of the diaphragm. 
There are narrow gaps on both sides of the pars sternalis (the sternocostal triangles) 
which separate it from the pars costalis. In the normal diaphragm, these gaps are 
made of connective tissue which contains the internal thoracic/superior epigastric 
vessels. The right sternocostal triangle is also known as the triangle of Morgagni 
and the left, the triangle of Larrey [2, 4].

The pars costalis arises from upper margins of the lower 6 ribs (ribs 7 through 
12). The lumbocostal triangles, also known as Bochdalek’s gaps, separate the pars 
costalis from the pars lumbaris. They are covered by fascia, peritoneum, and pleura.

The pars lumbaris, the most powerful part of the diaphragm, lies bilaterally to the 
spine and forms the right and left crura. The crura originate from the anterior sur-
face of the lumbar vertebrae, the intervertebral disks, and the anterior longitudinal 
ligament [5]. The right crus, the larger of the two, extends toward the middle part of 
the central tendon superiorly and eventually splits to form the esophageal hiatus, 
where it is the sole contributor to the esophageal hiatus in 60% of individuals. The 
remaining 40% of individuals have contributions from both crura. The split fibers 
meet again to form the anterior aspect of the aortic hiatus. It should be noted that 
while the esophageal crura contains muscular and tendinous components, only the 
tendinous component has enough strength to hold sutures over time. The right crus 
forms the ligament of Treitz inferiorly. The left crus runs upward to the left of the 
esophageal hiatus, runs behind the right crus, and inserts onto the central tendon [2].

 The Tendinous Portion of the Diaphragm
The central tendon is the thickest and highest part of the diaphragm. It is described 
as having a cloverleaf shape, with one anterior and two lateral leaflets. It is not cen-
trally located, nor is it symmetric—it lies more anteriorly than posteriorly, and the 
right leaf of the tendon is the largest of all three.

The superior surface of the central tendon is attached to the pericardium. The 
downward pressure from the heart centrally and the upward pressure from the liver 
laterally give the diaphragm a saddlelike appearance on a chest radiograph. At rest, 
the right dome lies at the fourth intercostal space and the left at the fifth to sixth 
intercostal space [5]. Inspiration promotes descent of both domes to two intercostal 
levels lower than their resting positions [2].
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 Blood Supply and Lymphatic Drainage of the Diaphragm
The diaphragm has a rich blood supply that is derived from four groups of arteries: 
(1) the pericardiophrenic arteries, (2) the musculophrenic arteries, (3) the superior 
and inferior phrenic arteries, and (4) the intercostal arteries.

The internal thoracic arteries, which arise from the proximal subclavian arteries, 
give off the pericardiophrenic arteries which travel with the phrenic nerves from the 
chest to the thoracic side of the diaphragm. They ultimately anastomose with the 
musculophrenic and superior phrenic arteries. As the internal thoracic artery contin-
ues its course through the chest, it gives off the musculophrenic artery just before 
entering the Morgagni’s space (on the right) and the Larrey’s space (on the left), 
after which it becomes the superior epigastric artery. The superior phrenic arteries 
arise directly from the thoracic aorta and provide blood supply to the thoracic side 
of the diaphragm.

The inferior phrenic arteries, which come off the abdominal aorta, provide the 
majority of the blood supply to the diaphragm. The right inferior phrenic artery 
rarely arises from the right renal artery. Each inferior phrenic artery splits into 
medial and lateral branches which collateralize with the musculophrenic, pericar-
diophrenic, and intercostal arteries. The intercostal arteries supply the peripheral 
parts of the costal diaphragm.

The thoracic diaphragm drains into the azygous and hemiazygous veins, and the 
abdominal side of the diaphragm drains into the inferior vena cava via the inferior 
phrenic veins.

The lymphatic drainage of the diaphragm plays a pivotal role in draining the 
peritoneal cavity. It consists of three sets of lymphatic systems, (1) the anterior sys-
tem, (2) the lateral system, and (3) the posterior system [2, 4].

 Neural Innervation of the Diaphragm
The diaphragm is innervated primarily by the phrenic nerves, which provide motor 
and sensory fibers. The costal part of the diaphragm also receives some contribution 
from the intercostal nerves.

The phrenic nerves mainly originate from the fourth nerve roots but receive con-
tributions from the third and fifth roots as well. They course craniocaudally anterior 
to the hilum of the lungs and lie on the lateral surface of the pericardium along with 
the pericardiophrenic vessels [2, 4].

 Openings of the Diaphragm
The diaphragm has three major anatomic openings to allow structures to pass 
between the abdominal and thoracic cavities: (1) the aortic, (2) the esophageal, and 
(3) the inferior vena cava orifices.

The aortic hiatus is located anterior to T12. Its borders are the vertebral body 
posteriorly, the crural diaphragm bilaterally, and the median arcuate ligament ante-
riorly. The aorta, aortic plexus, thoracic duct, and azygous vein pass through the 
aortic hiatus. The median arcuate ligament forms an arch anterior to the hiatus at the 
level of the celiac trunk and connects the two crura of the diaphragm [6].
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The esophageal hiatus is located slightly to the left of midline at the level of T10 
and is anterior to the aortic hiatus. It is formed by the median arcuate ligament pos-
teriorly. Anterolaterally it is normally formed by the diaphragmatic crura and by 
splitting of the medial fibers of the right crus. There are many anatomic variations 
of the relative contributions of the right and left crural fibers to the esophageal hia-
tus [4]. The esophageal hiatus permits the passage of the esophagus, the anterior and 
posterior vagal trunks, and the phrenicoabdominal branch of the left phrenic nerve, 
which supplies sensory fibers to the pancreas and peritoneum.

The phrenoesophageal ligament, which is an extension of the inferior diaphrag-
matic fascia, attaches the esophagus to the diaphragm. It is responsible for prevent-
ing upward displacement of the esophagus.

The foramen vena cava is located at the right portion of the central tendon at the 
level of T8 and T9. It allows for passage of the vena cava and the right phrenic 
nerve. It is located completely within the central tendon and therefore does not have 
any muscular borders.

Larrey’s and Morgagni’s gaps, the left and right sternocostal triangles, respec-
tively, allow for the internal mammary vessels to descend into the anterior abdomi-
nal wall, where they are known as the superior epigastric arteries. The lumbocostal 
triangles, located posteriorly, only contain a few muscle fibers and do not contain 
major anatomical structures.

 Physiology

The major functions of the diaphragm are involved in supporting various respiratory 
and gastrointestinal processes.

 The Respiratory Functions of the Diaphragm
The foremost function of the diaphragm is to contribute to the mechanics of the 
respiratory cycle. It is the muscle which is responsible for the majority of the work 
of breathing in normal individuals and in those with lung diseases. Paralysis of the 
non-diaphragmatic respiratory muscles does not lead to respiratory distress, but 
paralysis of both domes of the diaphragm will result in hypercarbia and respiratory 
failure [2].

With inspiration, muscle fiber contraction initially pulls the central tendon, 
which has an effect of expanding the thoracic volume. Secondly, the two domes of 
the diaphragm flatten to some extent, which pushes the intra-abdominal organs 
down and increases the intra-abdominal pressure. This increased intra-abdominal 
pressure is transmitted onto the zone of apposition, which results in an outward 
expansion of the rib cage. Thirdly, during deeper inspiration, the peripheral parts of 
the diaphragm unravel from the lateral walls of the chest, and this permits a widen-
ing of the costodiaphragmatic recesses. The net effect of the opposing forces of the 
contracting and descending diaphragm to the abdominal contents has a net effect on 
forcing the ribs upward and outward [2, 5].
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Expiration is primarily driven by diaphragmatic relaxation and the elastic recoil 
forces of the lungs and thoracic wall. The elastic recoil allows for air to be drawn 
out passively from the lungs. The abdominal muscles contribute to some degree, as 
they push back displaced components of the intra-abdominal cavity [7].

 The Gastroesophageal Functions of the Diaphragm
The contributions of the diaphragm to gastroesophageal function often get over-
shadowed by its obvious role in the pulmonary system. The crural part of the dia-
phragm plays important roles in swallowing, vomiting, and preventing 
gastroesophageal reflux. The gastroesophageal roles of the diaphragm are discussed 
in other chapters of this text.

 Congenital Diaphragmatic Hernias

 Bochdalek Hernias

 Pathophysiology
Bochdalek hernia (BH), also known as posterolateral diaphragmatic hernia, is a 
congenital diaphragmatic hernia. Its development can be traced to failure of fusion 
or closure of the posterolateral components of the diaphragm during development. 
The frequency in neonates is about 1 per 7000, and the male/female ratio ranges 
from 3:2 to 2:1, depending on the series [8, 9]. In 78–90% of cases, it is located on 
the left diaphragmatic side, theorized to be due to fusion of the pleuroperitoneal 
folds on the right side first, which occurs around the eighth week of embryologic 
development. Furthermore, it is thought that left-sided hernias are more common 
because of the coverage provided by the liver on the right side [10]. The presence of 
a hernia sac depends on when the fusion takes place, as it is absent in over 85% of 
cases in some series [11]. The most common organs herniated through a BH are 
colon (70%), stomach (43%), spleen (28%), duodenopancreatic complex (11%), 
liver (7%), omentum (6%), kidney (4%), and retroperitoneal fat (3%) [12]. In 26% 
of cases, BH is associated with congenital anomalies, including pulmonary hypo-
plasia, hydrocephaly, and Arnold-Chiari malformation [13].

 Clinical Presentation
Typically, Bochdalek hernias manifest at an early age with respiratory distress. This 
is thought to be due to compression of the gastrointestinal tract leading to pulmo-
nary hypoplasia from lack of maturation of the parenchyma. Neonates may develop 
cyanosis and dyspnea and may be found to have cardiac deviation to the contralat-
eral hemithorax.

Rarely, these hernias may present in the adult patient, with an incidence of 0.17% 
based on radiographic literature [14, 15]. Adult-onset presentation may range from 
mild shortness of breath to gastric volvulus. Bochdalek hernias can also be inciden-
tal findings on imaging done for other reasons. An extensive meta-analysis revealed 
the average age of presentation for adult Bochdalek hernias was 40 years, with no 
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significant gender predilection; some reports have suggested they may present even 
earlier, at an average age of 28 years [10, 16]. It is consistently found that Bochdalek 
hernias are diagnosed at a much earlier age than Morgagni hernias, discussed below.

Left-sided hernias were encountered in 78–90% of the cases reported, with the 
size of the defect being independent of laterality. Generally, symptomatic adults 
with Bochdalek hernias typically present with GI symptoms, including vague 
abdominal pain and/or distension, with pain being the most common complaint 
(69%) and pregnancy the most common precipitating factor due to increased intra- 
abdominal pressure [10, 17]. The nonspecific nature of these symptoms contributes 
to the difficulty in diagnosis. Complications of Bochdalek hernias include gastric 
volvulus, incarceration, obstruction, strangulation, pulmonary symptoms, dyspha-
gia, GERD, and hemorrhage.

 Work-Up and Evaluation
As previously mentioned, making the correct diagnosis can be quite challenging. 
Physical examination is often nonspecific, although diminished breath sounds and 
presence of bowel sounds may provide a clinical clue. Radiographic investigation is 
the mainstay. Routine imaging such as chest X-ray (CXR) may reveal diagnostic 
clues like an elevated hemidiaphragm (Fig. 23.1) or air meniscus sign, but many 
times these studies are found to be unremarkable. Therefore, a negative CXR does 
not rule out the diagnosis of a diaphragmatic hernia.

Generally, barium contrast studies are used to confirm clinical suspicion in the 
pediatric population, showing abdominal contents displaced into the chest or an 
“upside down stomach” (Fig. 23.2). In the adult patient, the most definitive study is 
a computerized tomography (CT) scan (Fig. 23.3), which has been shown to have 
the most sensitivity and specificity [18, 19]. An MRI with three-dimensional recon-
struction can also aid in differentiating the soft tissue planes.

Fig. 23.1 Chest X-ray 
revealing an elevated left 
hemidiaphragm (arrow), an 
early but nonspecific 
radiographic finding of 
diaphragmatic hernia. 
(Used with permission 
from Wolters Kluwer 
Health, Inc.; Bujanda  
et al. [17])
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Fig. 23.2 Contrast 
radiograph revealing 
gastric herniation with 
“upside-down stomach” 
sign. (Used with 
permission from Wolters 
Kluwer Health, Inc.; 
Bujanda et al. [17])

Fig. 23.3 CT scan 
showing evidence of left 
posterolateral 
diaphragmatic hernia with 
the colon and omentum. 
(Used with permission 
from Springer-Verlag; 
Brown et al. [10])
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 Indications for Repair
Given the relative rarity of Bochdalek hernias, and therefore only scattered case 
reports or series in the literature, there are no well-established guidelines for opera-
tive intervention. It is generally recommended that patients undergo repair if deemed 
to be an appropriate surgical candidate. This is true regardless of symptomatology 
or the incidental nature of the diagnosis. Certainly, symptoms attributed to the pres-
ence of a BH or complications of the hernia, such as obstruction, are indications for 
repair.

 Technique for Repair
Surgical repair of the defect can be performed transabdominally or with a thoracic 
approach, and in both cases can be done open or with minimally invasive techniques 
[20]. The first reported laparoscopic repair was in 1998, and the minimally invasive 
approach has been gaining popularity ever since [21]. In a comprehensive meta- 
analysis from 2011, most Bochdalek hernia repairs were performed via laparotomy 
(38%), as opposed to 12% laparoscopically, with other approaches including thora-
cotomy, thoracoscopic, or combined [10]. Of those that were emergent, 42% were 
done with laparotomy vs. 19% via laparoscopy. Primary repair was achieved in 95% 
of open cases and in 53% of laparoscopic cases.

For the laparoscopic repair, patients are positioned in the lateral decubitus with 
reverse Trendelenburg position to maximize exposure. Four to five trocars can be 
used to triangulate the target of the left upper quadrant (assuming a left-sided hernia 
defect). The operation begins with reduction of hernia contents with or without 
excision of the hernia sac (if present) in order to clearly define the defect. For 
smaller defects, leaving the sac in place may facilitate the repair. If incarcerated, the 
diaphragm may need to be incised radially to effectively reduce hernia contents. In 
some instances, in order to gain full exposure and to assess the extent of the defect, 
one may need to mobilize the spleen as well as the left lateral liver by incising the 
triangular ligament.

At this time, attention then turns to repair of the defect, which is closed in a 
transverse fashion, from medial to lateral. This is performed with permanent suture, 
taking large bites of tissue in order to avoid tearing the muscle.

Chest tubes are placed routinely by some, while others use a red rubber suction 
catheter to evacuate the pleural cavity prior to transabdominal closure. With CO2 
pneumoperitoneum, evacuation may not be necessary unless ventilation is compro-
mised. Due to the lack of peritoneal hernia sac in most cases, there is a risk for 
transient pneumothorax from direct communication of peritoneal and pleural spaces 
during laparoscopic insufflation. Unilateral lung ventilation or a thoracoscopic port 
may help to both assess the repair as well as to allow reinflation of the ipsilateral 
lung, followed by drainage of the pleural space.

The concept of primary vs. mesh repair is relevant to Bochdalek hernia, 
although there is a relative paucity of data on this compared to other hernia repairs. 
Primary repair of the diaphragm is achieved after successful reduction of contents 
with the determination that the repair will be under minimal to no tension and is 
often straightforward with smaller defect sizes due to redundancy of the 
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diaphragm (Fig. 23.4). There have been case series with positive results using this 
technique [20].

Most surgeons recommend mesh in the setting of a large defect or significant 
tension on primary repair. Some recommend using mesh when defect size is greater 
than 8 cm in diameter [22]. Mesh is used more commonly in laparoscopic repair 
compared to open (60% vs. 7%) [10]. Dual-layer mesh appears to be most common, 
as it allows for visceral contact. The use of synthetic mesh such as Gore-Tex Dual- 
Mesh (Gore Medical, Flagstaff, AZ) with approximately 5 cm margins circumferen-
tially with nonabsorbable tackers has been reported. Other case reports have used 
Dacron, Parietex (Sofradim, Trevoux, France), Marlex, and Surgisis (Cook 

a

b

Fig. 23.4 (a, b) Intraoperative images depicting a Bochdalek hernia (a) before repair and (b) after 
primary repair with pledgets
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Urological, Fort Worth, TX). We suggest a nonporous permanent mesh if a bridging 
mesh is used. Mesh fixation should be performed with great caution, to avoid the 
potentially fatal complication of cardiac injury resulting in tamponade, especially 
with left-sided repairs. For this reason, suture fixation or glue adjuncts may be pre-
ferred. A survey by the Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) found that most surgeons use sutures for hiatal hernia fixation, 
followed by tacking in 24% [23].

 Postoperative Management
Again, no standard protocol is in place given the infrequency of these operations. 
The diet can be started immediately postoperatively and advanced as tolerated. 
Patients should be cared for based on the operative approach. For laparoscopic 
repairs of small hernias, the patients can be managed in an ambulatory setting. If 
there is a high risk for cardiopulmonary event, the patient may need monitoring. If 
a chest tube was placed, the patient may need admission for tube management and 
removal when the output is low. Most surgeons will repeat imaging in 3–6 months 
to evaluate the repair.

 Postoperative Complications
Overall, the morbidity after diaphragmatic repair of a Bochdalek hernia is related to 
the surgical technique. Laparoscopic repair has a lower morbidity than laparotomy 
(6% vs. 18%) [10]. Complications include infection, hemorrhage, respiratory fail-
ure, ileus, gastroesophageal reflux, chronic pain, hernia recurrence, and cardiac 
injury/tamponade.

 Outcomes
In the neonatal population, prognosis is poor despite urgent surgical treatment. In 
adults, the mortality rate for elective surgery is less than 3% but rises to 32% when 
its diagnosis is delayed or complications develop [12]. Thirty-day mortality is low, 
ranging from 0 to 2% based on approach, and laparoscopy results in the shortest 
length of stay (4  days vs. 10–20  days for laparotomy or thoracotomy) [10]. 
Recurrence appears to be negligible in most series as well, with mean follow-up of 
11–21 months.

 Morgagni Hernias

 Pathophysiology
Morgagni hernias (MH) are substernal diaphragmatic hernias originally described 
by Giovanni-Batista Morgagni in 1769 after autopsy examinations on an Italian 
stonecutter. In 1828, Larrey, Napoleon’s surgeon, described a surgical approach to 
the pericardial cavity through an anterior diaphragmatic defect for the treatment of 
pericardial tamponade [24]. They both described a triangular space between the 
muscle fibers of the anterior diaphragm, caused by the passage of the superior epi-
gastric vessels. Waelli made the first radiologic diagnosis of MH in 1911.
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A failure of fusion of the pleuroperitoneal membranes, the septum transver-
sum, and the dorsal mesentery results in a defect in this space [25]. During embry-
ological development, there are multiple interrelated processes during 
diaphragmatic formation. The anterior aspect of the diaphragm is the last to form. 
This process is temporally related to the fusion of the sternum and to the period 
of embryologic development when there is a rapid increase in intra-abdominal 
contents. Errors in the coordination of these three processes lead to congenital 
weaknesses in the anterior aspect of the diaphragm, which predisposes to subse-
quent hernia formation [26].

When a hernia occurs on the left side of the sternum, it is named a Morgagni 
hernia; and when it occurs on the right, it is known as a Larrey hernia (LH). When 
a hernia is large enough so as to occupy both spaces, it is appropriately termed a 
Morgagni-Larrey hernia (MLH) [27]. Morgagni hernias are rare, with an occur-
rence of 1 in every 4800 live-born infants. They occur for 2–6% of all congenital 
diaphragmatic hernias and 2–4% of non-traumatic diaphragmatic hernias in 
adults [3, 28].

Hernias occur more often on the right (91%); it is theorized that this is due to the 
barrier effect of the heart, which prevents helps to prevent herniation on the left side 
[26]. The most commonly herniated contents include the omentum (65%), trans-
verse colon (62%), stomach (8%), and liver (8%) [16, 27]. MH is associated with 
other abnormalities such as congenital heart diseases and Down syndrome [27]. 
Morgagni hernias generally contain a hernia sac.

 Clinical Presentation
Of the two congenital diaphragmatic hernias, MH is more likely than BH to remain 
asymptomatic and evade diagnosis into adulthood. However, the literature also sug-
gests that patients may be symptomatic up to 72% of the time with vague pain and 
pulmonary complaints and that MH simply goes overlooked given its relative rarity. 
As such, it may very well be a misconception that MH is an asymptomatic entity 
[26]. Oftentimes diagnosis is incidental; a Morgagni hernia may be discovered 
when imaging done for other reasons is suggestive or diagnostic [27]. MH may also 
be an incidental finding at laparoscopy. In a retrospective single-institution review 
at Massachusetts General Hospital, it was found that the average age at diagnosis of 
MH was 42 years [24].

When patients are symptomatic, MH present with primarily digestive and respi-
ratory complaints due to the compression of intrathoracic organs by a hollow viscus. 
Unsurprisingly, shortness of breath (35%) and abdominal pain (31%) are usually the 
primary presenting symptoms. Whereas Bochdalek hernias may present with stran-
gulated or gangrenous viscera, the Morgagni hernia generally presents with viable 
contents that are likely to be easily reduced from the hernia sac. Therefore, MH has 
a lower incidence of presenting with incarceration or strangulation [16].

 Work-Up and Evaluation
Morgagni hernia is an elusive diagnosis which requires a high index of suspicion 
since it presents with nonspecific symptoms. In large hernias, a physical exam may 
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demonstrate diminished breath and bowel sounds. Fortunately, Morgagni hernias 
may be diagnosed by one of several radiologic methods. In a retrospective review 
published in 2008, the most common diagnostic modality was chest radiography 
(93%), followed by computed tomography (CT) scan (47%), contrast enema (24%), 
and upper gastrointestinal study (23%) [26]. A chest X-ray may show an air-filled 
mass in the chest which would suggest a congenital diaphragmatic hernia. Contrast 
enemas may demonstrate colonic herniation into the chest. In more modern times, 
these modalities have largely been replaced by CT scans.

The advent of the CT scan has improved preoperative diagnostic ability for the 
diagnosis of Morgagni hernia. CT scans allow for the characterization of anterior 
mediastinal masses found on chest X-ray; a MH would present with a large paracar-
diac fat density with linear serpiginous densities consistent with omental blood ves-
sels and an abnormally high-riding transverse colon. Differential diagnosis of such 
imaging findings would include a pericardial cyst, large fat pad, or a solid tumor. It 
should be noted that the presence of gas in the lesion is merely suggestive of hernia-
tion of hollow viscous, but does not confirm it; there have been case reports of gas 
containing lesions on chest X-ray which were not present on subsequent CT scans. 
This has been found to be secondary to intermittent spontaneous reduction of hernia 
contents [29].

 Indications for Repair
Generally, after a Morgagni hernia has been diagnosed, the treatment is to proceed 
with surgical correction if the patient is deemed to be a good candidate for surgery. 
This is irrespective of symptoms and is done to prevent future potential complica-
tions of incarceration and strangulation.

 Techniques for Repair
Much like for Bochdalek hernias, repair of Morgagni hernia has been reported via 
laparotomy, thoracotomy, thoracoscopy, and laparoscopy. Each of the four 
approaches has its risks and benefits. The abdominal approach allows for easier 
reduction of hernia contents and more thorough evaluation of the diaphragm for 
additional defects and concomitant repair. The primary advantage of the thoracic 
approach is that it provides easier dissection of the hernia sac off the mediastinal 
and pleural structures. Given the increasingly widespread use of laparoscopy and 
the relative ease of reducibility of the Morgagni hernia, the laparoscopic approach 
has been gaining in popularity. However, a review of the literature by Horton et al. 
in 2008 demonstrated that thoracotomy was still the most widely utilized approach 
(49%), with the likely reason being that it facilitated better sac excision. There have 
been only two documented cases of the thoracoscopic repair [26].

The first laparoscopic repair of MH was reported by Kuster et  al. in 1992; a 
suturing technique was employed incorporating the abdominal fascia in the repair 
and securing the knots outside of the abdomen [30]. For various reasons, it appears 
that Morgagni hernia, as compared to Bochdalek hernia, is more amenable to lapa-
roscopic repair. Firstly, patients with MH are more likely to present electively; 
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patients with Bochdalek hernia more often present with a clinical picture with ele-
ments of shock, which is worrisome for incarceration or strangulation. Secondly, 
the anterior location of the foramina of Morgagni and Larrey can be more easily 
approached laparoscopically, whereas the posterolateral location of the foramen of 
Bochdalek renders it more difficult to approach. Thirdly, the presence of a perito-
neal sac in Morgagni hernias facilitates the reduction of intra-abdominal contents, 
whereas the lack of such a lining in Bochdalek hernias increases the risk of adhe-
sions to intrathoracic structures [16]. Lastly, MH are oftentimes diagnosed at the 
time of laparoscopy being done for other reasons. MH repair has been conducted 
simultaneously with cholecystectomy, Nissen fundoplication, paraesophageal her-
nia repair, gastric bypass, gastrectomy, abdominal aortic aneurysm repair, and coro-
nary artery bypass graft and even during pregnancy. As such, surgeons may be more 
willing to repair this hernia with minimally invasive techniques because the diagno-
sis is being made during laparoscopy [16, 26]. There is a case report of proceeding 
with laparoscopic repair while employing an abdominal wall lifting technique so as 
to avoid the consequences of pneumoperitoneum [31].

The decision to excise the hernia sac remains a point of contention. Those who 
abide by traditional surgical principles of sac excision claim that it increases the 
chance of obliteration of the hernia cavity and prefer to not leave behind a 
mesothelial- lined cavity in the chest [32]. Others believe that it is more prudent to 
leave the hernia sac in place to avoid injury to intrathoracic structures (i.e., the pleu-
ral lining and the pericardium) [16]. The natural history of an unexcised sac has not 
been studied, but Ramachandran and Arora reported complete resolution of a sac by 
CT scan 1  month postoperatively [33]. Some advocate for placement of a drain 
within the sac to prevent cyst formation [28].

Closure of the hernia defect is by means of primary repair or coverage of the 
defect with mesh. This is primarily dictated by the size of the defect and the ability 
to achieve a tension-free repair. Thoman et al. has suggested that defects greater 
than 20–30 cm2 should be closed with prosthetic repair to avoid tension [34]. Given 
the rarity of this diagnosis, there is no clear consensus on which prosthesis is best 
for repair. At the time of writing, Swain et al. reported that 62% of Morgagni hernia 
repairs utilized a mesh-based repair [16]. Similar to Bochdalek hernias, there have 
been case reports utilizing many different prostheses with variable outcomes and 
long-term follow-up. Gore-Tex dual mesh (Gore Medical, Flagstaff, AZ), Dacron, 
Parietex (Sofradim, Trevoux, France), Marlex, polyvinylidene fluoride (PVDF, 
Dynamesh, IPOM), artificial pericardium patch, and bovine pericardium (Tutopatch, 
Tutogen Medical, Neunkirchen, Bavaria, DE) have been used [27, 35–37]. Mesh 
can be fixed in place using sutures or staples, taking great attention to avoid injury 
to nearby structures. As with Bochdalek hernia, if the mesh is used to bridge a gap 
in the diaphragm, we suggest a permanent nonporous mesh.

The technique for laparoscopic repair is similar to a typical setup for a laparo-
scopic Nissen fundoplication with the patient positioned supine +/− lithotomy posi-
tion. The patient is placed in reverse Trendelenburg and three to five ports are placed 
with care not to place the ports near the costal margin. After insufflation of the 
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abdomen and introduction of a supraumbilical laparoscope, the hernia is identified 
and the contents are reduced and assessed for viability.

After successful reduction, the sac may or may not be excised. If the decision is 
made to proceed with sac excision, thoracoscopy may be a helpful adjunct for larger 
defects. Thereafter, attention is turned to closure of the diaphragmatic defect. Size 
of the defect, tissue quality, and surgeon experience dictate how closure will pro-
ceed. We typically used permanent sutures placed with a suture passer. When utiliz-
ing mesh, most authors advocate for at least 1.5–2.5 cm overlap [25–27, 38]. We 
suggest at least 3 cm to allow for postoperative mesh shrinkage. Dual-sided synthet-
ics offer the advantage of visceral contact and have therefore gained popularity. 
Many authors who utilize polypropylene mesh cover the mesh with omentum, peri-
toneal flap, or the falciform ligament to prevent adhesions with intra-abdominal 
organs [28].

 Postoperative Management
There is no unified consensus for the postoperative management of patients who 
undergo repair of a Morgagni hernia; management parallels that reported for 
Bochdalek hernia, above. Patients are generally placed in a postoperative setting 
which allows for cardiopulmonary monitoring as needed. They are started on a diet 
and advanced as tolerated. Patients are discharged when they are able to tolerate a 
diet, have achieved adequate pain control, and are able to ambulate without issue. 
This ranges from ambulatory to 8 days [38].

Long-term follow-up varies, but short-term follow-up is usually within the 3–6- 
month period. The patient may or may not have a barium enema or CT completed 
to confirm infradiaphragmatic positioning of the transverse colon [25].

 Postoperative Complications
Overall, the morbidity and mortality after repair of Morgagni hernia are related to 
the surgical technique. Minimally invasive techniques have fewer complications 
and lower morbidity. Laparotomy has a reported 17% complication rate compared 
to 5% for laparoscopy; however, patients undergoing laparotomy more often 
undergo emergency surgery and may be more predisposed to developing postopera-
tive complications [26]. Complications include infection, hemorrhage, respiratory 
failure, ileus, gastroesophageal reflux, chronic pain, hernia recurrence, and cardiac 
injury/tamponade.

 Outcomes
Outcomes after Morgagni hernia repair demonstrate negligible rates of recurrence 
with variable follow-up ranging from anywhere between 1 month to 7 years. As 
would be expected, the average hospital length of stay is greatest for open thoracic 
(14 days) and abdominal (11 days) approaches; laparoscopy has an average length 
of stay of only 3 days. Thirty-day mortality is highest for patients undergoing lapa-
rotomy (4%), but as stated above, this may reflect the poorer health status of patients 
who require emergent surgery [26, 38].
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 Acquired Diaphragmatic Hernias

 Traumatic Diaphragmatic Hernias

 Historical Background
Traumatic diaphragmatic hernias were first reported by Sennertus in 1541, who 
reported a delayed herniation of abdominal viscera through an injured diaphragm. 
Ambroise Pare reported a case of traumatic diaphragmatic rupture at autopsy in 
1579 in a patient who was a captain in the French military and died 8 months after 
sustaining a gunshot wound to the abdomen. Autopsy results showed strangulation 
of the colon through a small diaphragmatic defect which could only admit the tip of 
the small finger. Bowditch made the first antemortem diagnosis of traumatic dia-
phragmatic rupture in 1853, and the first successful repair was performed by Riolfi 
in 1886 [39].

 Incidence, Etiology, and Pathophysiology
Diaphragmatic injuries are frequently missed or may present in a delayed fashion, 
and as such the actual incidence of injuries may be higher than what is reported in the 
literature. Rubikas reported a 2.1% incidence of diaphragmatic injury in patients with 
blunt trauma and a 3.5% incidence after penetrating trauma [40]. However, there 
have been rates of traumatic diaphragmatic injuries as high as 5% for patients who 
have been hospitalized after motor vehicle accidents and as high as 15% for patients 
who sustained penetrating injuries to the lower chest and upper abdomen [41].

In a large review of traumatic diaphragmatic injuries, Shah et al. reports that three-
quarters of traumatic diaphragmatic injuries are due to blunt trauma, whereas the 
remaining are due to penetrating trauma [39]. However, there may be variations in 
the incidence and etiology of diaphragmatic injuries which is reflected by the demo-
graphic of the population served. Multiple single-institution reviews of traumatic 
diaphragmatic injuries from Quebec, Senegal, and Turkey revealed a penetrating eti-
ology in 60–70% of patients treated for traumatic diaphragmatic injury [42–44].

It is important to distinguish between an isolated diaphragmatic injury and the 
occurrence of a diaphragmatic hernia secondary to this injury. Despite having a 
higher incidence of penetrating diaphragmatic injury, Hanna et al. showed that dia-
phragmatic hernia occurred more frequently when the diaphragmatic injury was 
secondary to blunt trauma. The size of the diaphragmatic defect was also signifi-
cantly larger in blunt trauma patients, likely associated with the increased pressure 
gradient across the diaphragm that is associated with blunt injury [42]. Approximately 
88% of blunt diaphragmatic injuries reported in the literature were the result of 
motor vehicle collisions [45]. Penetrating injuries are usually the result from stabs 
or gunshots. Penetrating injury could potentially be more dangerous, as the smaller 
defects would increase the risk of strangulation of herniated contents.

The diaphragm may sustain injury by multiple mechanisms. Impact to the chest 
wall may cause avulsion of the diaphragm from its points of attachment or cause 
shearing injury to the dome. Injury may also be caused by a sudden increase in 
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transdiaphragmatic pressure which is transmitted to the diaphragm by the abdomi-
nal viscera [39, 46]. The weakest point of the diaphragm during its embryological 
development is the posterolateral portion which arises from the pleuroperitoneal 
membrane. The pressure gradient generated across this point during a high-impact 
traumatic event (such as a motor vehicle collision or a fall) is usually the inciting 
event that leads to traumatic diaphragmatic rupture in blunt trauma. Blunt traumatic 
injury generally results in an injury pattern of large 5–15 cm radial tears in the pos-
terolateral aspect of the diaphragm. Herniation of intra-abdominal contents is pro-
moted by the pressure gradient between the abdominal and thoracic cavities.

The effects of a ruptured diaphragm are primarily on circulation and respiration. 
Diaphragmatic action accounts for 66% of the tidal volume when lying supine; 
functional loss of one hemidiaphragm may result in a 25% to 50% decrease in pul-
monary function [39]. Herniated viscera may cause compression of the lungs or 
displacement of the mediastinum with resultant impaired venous return to the heart. 
This may be further complicated by incarceration and strangulation.

It has consistently been shown that most traumatic ruptures occur on the left side 
of the diaphragm [44]. The right hemidiaphragm is stronger than the left and is also 
afforded protection by the liver. This accounts for nearly a three to nine times more 
frequency of injuries to the left side [46, 47]. The liver helps in dissipating the 
increased intra-abdominal pressure over a larger area. It is likely that right-sided 
injuries may also be underreported given the diagnostic difficulty of uncovering 
injuries on that side. We recently managed a right-sided diaphragmatic hernia which 
presented 2 weeks after the index traumatic event. The hernia was repaired thoraco-
scopically due to the presence of significant intrathoracic adhesions (Fig. 23.5).

Traumatic injuries to the diaphragm may also be iatrogenic. We have managed 
pericardial defects after pericardial windows and accidental chest tube placement 
through the diaphragm.

a b

Fig. 23.5 (a, b) Representative (a) axial and (b) coronal CT scan images from the case of a 
61-year-old female from our institution who presented with a traumatic right-sided diaphragmatic 
hernia 2 weeks after motor vehicle collision. Herniated contents included the omentum and colon. 
She underwent thoracoscopic hernia repair using interrupted #0 Surgidac sutures (Covidien, 
Dublin, Republic of Ireland)
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 Clinical Presentation
Grimes described the natural history of traumatic diaphragmatic rupture in three 
phases: the acute phase, the latent phase, and the obstructive phase.

The acute phase begins from the time of trauma to the apparent recovery from 
primary injuries. Abdominal pain, respiratory distress, and cardiac dysfunction 
characterize this phase. However, the associated injuries from trauma overwhelm-
ingly influence the acute phase. In the setting of penetrating injury, when the injury 
was in the abdomen, there is up to an 83.3% rate of associated intra-abdominal 
organ injury requiring surgical attention. When the penetrating wound is in the 
chest, associated organ injury has been reported to be 54.8% [42]. Given that vari-
ous studies have found a significantly increased injury severity score in patients 
with blunt diaphragmatic injury as compared to those without blunt diaphragmatic 
injury [45], it should come as no surprise that the diagnosis of a ruptured diaphragm 
is frequently missed in the acute phase as attention is directed toward stabilization 
of shock, respiratory insufficiency, coma, and other visceral injuries. Anywhere 
between 33% and 66% of traumatic diaphragmatic ruptures are missed during this 
period [39, 48].

The latent phase begins when the intra-abdominal viscera begin to occupy the 
diaphragmatic defect and herniate into the thoracic cavity. This is accompanied with 
upper gastrointestinal complaints as well as pain in the left shoulder, chest, or upper 
quadrant. Dyspnea or orthopnea may be present. Physical exam may reveal dimin-
ished breath sounds.

Lastly, the obstructive phase begins. It manifests as signs of visceral obstruction 
or ischemia of strangulated contents. Presenting symptoms include nausea, vomit-
ing, severe abdominal pain, and significant respiratory distress. Case series have 
shown that the majority (85%) of strangulation occurs within 3 years of trauma and 
that 90% of strangulated diaphragmatic hernias are of traumatic origin [39].

 Work-Up and Evaluation

Radiographic Imaging
Traumatic diaphragmatic rupture may be associated with high morbidity and mor-
tality due to a difficulty in making the diagnosis and the high number of associated 
injuries. The rate of missing a diaphragmatic injury is upward of 66% [46, 49]. 
Diagnosis requires a high index of suspicion.

Most frequently, a supine chest radiograph is the first imaging study conducted 
to evaluate for thoracic and intra-abdominal trauma. The diagnostic sensitivity of a 
plain chest radiograph for the diagnosis of diaphragmatic rupture ranges from 27 to 
60% for left-sided hernias and 17 to 33% for right-sided hernias. Placement of a 
nasogastric tube prior to obtaining the chest radiographic may aid in diagnosis; 
identification of the tube above the level of the left hemidiaphragm would be sug-
gestive of diaphragmatic rupture. Other features on radiograph include obliteration 
of the diaphragmatic contour, mediastinal shift to the contralateral side, or an ipsi-
lateral pleural effusion [46].
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Computed tomographic images are the gold standard imaging modality for diag-
nosing acute traumatic diaphragmatic rupture, but they are far from perfect. Murray 
et al. concluded in 1996 that CT imaging has a 66% specificity in diagnosing acute 
diaphragmatic ruptures after blunt trauma. Earlier reports found that the diagnostic 
accuracy of CT for diaphragmatic rupture has a sensitivity ranging from 14 to 71% 
and specificity of 76% to 99%, with an increased sensitivity and specificity for left- 
sided injuries [50, 51]. However, recent improvements in CT technology, particu-
larly multi-slice CT, may allow for increased sensitivity, specificity, and accuracy of 
diagnosis by dramatically reducing motion and beam hardening artifacts and 
improving spatial resolution. Sarita et  al. found that the sensitivity, specificity,  
and accuracy of multidetector computed tomogram (MDCT) scan were 100%, 93%, 
and 95%, respectively. MDCT may reveal diaphragmatic discontinuity, thickening 
of the diaphragm, a collar sign, visceral herniation, or a dependent viscera sign [49].

Role of Laparoscopy
The use of minimally invasive techniques to diagnose diaphragmatic injuries was 
initially described in the 1970s when thoracoscopy was first utilized to diagnose 
acute diaphragmatic lacerations from penetrating trauma to the left chest [41]. There 
have been a few studies conducted which demonstrate the utility of diagnostic lapa-
roscopy to identify suspected acute diaphragmatic rupture and herniation, especially 
given the variable diagnostic accuracy of radiography in detecting these injuries. 
Murray et al. found a 24% incidence of occult diaphragmatic injury in the setting of 
penetrating trauma to the left lower chest in patients who lacked other clinical or 
radiographic findings to suggest such injury [52].

However, laparoscopic assessment should be used with caution; it is unadvisable 
in the treatment of patients who are likely to have associated injuries. There is up to 
a 41% rate of missing associated hollow viscus and solid organ injuries with the use 
of laparoscopy in the acute trauma setting [40]. As such, it is reasonable to proceed 
with a diagnostic laparoscopy when traumatic injury to the diaphragm is suspected 
in the absence of concomitant injuries or for subacute or chronic presentation.

 Indications for Repair
The treatment for traumatic diaphragmatic rupture and hernia is operative interven-
tion given the high morbidity and mortality associated with such injury. Defects in 
the diaphragm, no matter how small, will not heal spontaneously [53]. This is in part 
due to the thoracoabdominal pressure gradient, which will naturally favor enlarge-
ment of the defect with herniation of abdominal contents [46].

 Techniques for Repair
The operative approach to the repair diaphragmatic injuries is dependent on multi-
ple factors. Consideration is given to the presence of other intra-abdominal injuries, 
patient stability, the technical ability of the surgeon, and the chronicity, location, 
and the size of the diaphragmatic injury.

Laparotomy is utilized in the acute setting when there is a high likelihood of 
associated intra-abdominal injuries or the patient is unstable and not deemed to be 
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a candidate for laparoscopy. The standard open repair of a diaphragmatic hernia 
utilizes simple, figure-of-eight, or horizontal mattress sutures using nonabsorbable 
material [41]. A thoracotomy may also be included to facilitate the reduction of 
hernia contents in the event they cannot be reduced successfully via laparotomy 
alone. The thoracic approach is particularly helpful for right-sided defects, as the 
location of the liver can make abdominal access difficult. A mesh may also be 
required, although there are many case reports which indicate that small defects are 
amenable to primary repair without any untoward consequences. Mihos et  al. 
described the repair of 65 patients with traumatic diaphragmatic rupture (of which 
eight patients had herniation) via a combination of laparotomy and thoracotomy. 
Most patients had an injury severity score (ISS) reflective of major polytrauma. 
Repairs were conducted primarily using interrupted and running nonabsorbable 
suture. Postoperative complications were related to the injury burden and not neces-
sarily to the method of repair [24]. Failure to reapproximate diaphragmatic gaps in 
the acute setting may be amenable to a delayed bridging mesh repair [54].

Some authors advocate for an open approach for defects greater than 10 centime-
ters [41]. Dirican et al. reviewed the repair of 48 diaphragmatic hernias; the eight 
patients who underwent a polypropylene mesh repair had a mean defect size of 7.87 
centimeters, whereas the patients who underwent primary repair had a mean rupture 
size of 4.35 centimeters. There were no complications in the postoperative follow-
 up periods of the patients in the study. Early postoperative deaths were found to be 
a result of associated injuries, and not the diaphragmatic injury itself. The six early 
mortalities in the study were a result of irreversible hemorrhagic shock [44].

Hernia location also dictates operative approach. Right-sided hernias are better 
suited for open or thoracoscopic repair because of the spatial and visual constraints 
of the right upper quadrant of the abdomen, particularly for defects obscured by the 
liver. Laparoscopy is also more difficult with hernias anterior to the esophageal 
hiatus and adjacent to the pericardium. The diaphragm is thin, taut, immobile, and 
very close to the pericardium in the area just anterior to the esophagus. Improper 
suture placement in this area may injure the pericardium, and sutures placed too 
superficially for fear of such injury increase the risk of recurrence [55]. Additionally, 
chronic traumatic diaphragmatic hernias located in the central portion of the dia-
phragm may be difficult to repair because of significant tension on the closure. The 
edges of chronic diaphragmatic hernias become fibrotic with time and, as such, are 
better suited for a mesh-based repair. Large, chronic hernias may benefit from a 
thoracic approach to facilitate adhesiolysis [41, 56].

Reina et al. published a case report and literature review on traumatic intraperi-
cardial diaphragmatic hernias – a rare entity for which there were only 82 docu-
mented cases published at the time [57]. These hernias occur with rupture of the 
central portion of the diaphragm, and most cases involved herniation of the trans-
verse colon, stomach, or greater omentum. These types of hernias may also be iat-
rogenic. Authors advocated for an open repair via an abdominal or thoracic 
approach, depending on acute or chronic period of presentation, respectively. 
Amazingly, just 8 years after that literature review, McCutcheon et al. reported the 
first case of a completely laparoscopic repair of a patient who presented 4 months 

23 Surgical Management: Other Diaphragmatic Hernias in Adults



292

after the inciting traumatic incident. Exploration revealed a 6 × 5 cm defect in the 
central tendon with herniation of incarcerated transverse colon and omentum in the 
pericardial sac which was repaired using a simple expanded polytetrafluoroethylene 
(ePTFE) soft tissue patch. The patient did well and was discharged postoperative 
day 5, with no signs of recurrence at 6-month follow-up [58]. We presented a similar 
case in 2011 of a patient with pericardial hernia following pericardial window. 
Recently, we had a similar case in 2016 which involved herniation of the liver after 
a pericardial window; nonporous mesh was successfully used to repair the hernia 
defect (Fig. 23.6).

Frantzides and Carlson described the first laparoscopic repair of a penetrating 
diaphragmatic injury in 1994 [59]. An acute traumatic diaphragmatic hernia which 
would be a straightforward candidate for laparoscopic repair would need to be of 
small size, located in the left hemidiaphragm, and be an isolated injury. Such inju-
ries are generally a result of penetrating mechanisms. However, case reports of 
laparoscopic repair with onlay polypropylene mesh have demonstrated successful 
repair of traumatic diaphragmatic hernias up to a size of 10 centimeters in patients 
with high injury severity scores who sustained blunt trauma, suggesting that appro-
priate patient selection and surgeon skill may allow for successful laparoscopic 
repair [53].

a

b

Fig. 23.6 (a, b) 
Intraoperative images from 
the case of a 63-year-old 
female with prior 
pericardial window 
complicated by a large 
diaphragmatic hernia (a) 
with the left lobe of the 
liver herniated into the 
pericardium, (b) repaired 
using a 10 × 10 cm 
nonporous mesh (Gore 
Medical, Flagstaff, AZ)
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A laparoscopic approach is not necessarily contraindicated for a chronic dia-
phragmatic hernia, which has traditionally been addressed with a thoracic approach. 
Rather, thoracoscopy has the disadvantages of requiring lateral positioning of the 
patient and single-lung ventilation which could be avoided by using laparoscopy. 
Chronic hernias may also be repaired laparoscopically if the patient has favorable 
factors (i.e., location and size of hernia as well as burden of adhesions) and if sur-
geon experience permits such repair [55]. Matthews et al. showed successful lapa-
roscopic repair of chronic diaphragmatic hernias of various sizes, preferring to use 
a mesh-based repair for defects larger than 3 × 6 centimeters with no documented 
recurrences at a mean follow-up period of 8 months [41]. With advancements in 
laparoscopic surgery and surgeon expertise, it is even possible to repair chronic 
recurrent traumatic hernias, such as was described by Frantzides et al., who success-
fully repaired a 8 × 10 centimeter recurrent chronic traumatic diaphragmatic hernia 
using a 15 × 22 centimeter PTFE mesh [60].

The application of mesh in diaphragmatic injuries secondary to high-velocity 
trauma may be contraindicated in the setting of solid or hollow viscous injuries 
given the risk of mesh infection. Biological mesh has been recommended as an 
alternative to synthetic mesh in hostile environments with high risk of mesh infec-
tion. Biological mesh has the ability to incorporate into the surrounding tissues with 
decreased risks of infection, adhesion, erosion, extrusion, and rejection compared 
with a synthetic mesh, but there is limited evidence to support its widespread use 
[53, 61, 62]. We caution against using it as a bridge repair due to remodeling over 
time.

 Postoperative Management, Complications, and Outcomes

Postoperative Management
Postoperative management of patients who sustain diaphragmatic injuries is often 
complicated due to the injury burden from acute trauma. Fluid management, moni-
toring of electrolytes, and respiratory support are the cornerstones of management. 
For open repairs in the acute setting, the mean duration of mechanical respiratory 
support can be last over a week, and many patients may require tracheostomy to 
facilitate weaning of ventilator support [63].

The postoperative management of chronic diaphragmatic hernias is much less 
involved given that they are discovered remote from the initial trauma. Unsurprisingly, 
a laparoscopic approach is associated with a decreased hospital length of stay when 
compared with open surgery; the average difference in length of stay may be as 
upward as 10 days in favor of the laparoscopic group [64].

Complications
Pulmonary complications predominate postoperatively in the acute setting, with 
atelectasis being the most frequent complication reported. There is also a high inci-
dence of prolonged respiratory failure, with an associated 45% mortality rate. 
Postoperative sepsis is most often secondary to wound infection and pneumonia 
[63, 65].
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Outcomes from acute traumatic diaphragmatic hernia repair are primarily related 
to the burden of traumatic injury sustained to the patient. Mortality rates vary from 
1% to 28% in the literature [39]. In a case series of 105 patients with traumatic dia-
phragmatic injury, Hanna et al. found an overall mortality rate of 18.1%, with no 
significant difference between mechanisms of injury. All of the mortalities had asso-
ciated injuries requiring operative intervention. Predictors of death for blunt trau-
matic injury were traumatic brain injury and ISS greater than 15; for penetrating 
injury, only ISS was found to be a predictor of mortality [42].

Outcomes
Outcomes of traumatic diaphragmatic hernia are difficult to assess owing to poor 
long-term follow-up of the patient population. Hanna et al. were only able to suc-
cessfully follow up 13 patients out of 76 patients who were alive at discharge. Two 
patients were found to have recurrence, and this was attributed to the use of absorb-
able suture [42].

The literature shows that laparoscopic repairs have a low rate of perioperative 
complications. At this time, the literature shows that only two studies have reported 
complications – one of trocar site herniation and the other of pleural effusion [66, 
67]. Postoperative follow-up across the literature ranges from 1 week to 42 months 
with acceptably low recurrence rates, suggesting that the laparoscopic approach is 
safe and feasible for the repair of traumatic diaphragmatic hernias [64, 68].

 Conclusions

Diaphragmatic hernias are rare and due to both congenital and traumatic causes, 
although the tenets of repair and postoperative management are relatively univer-
sal. Most of these hernias can be addressed laparoscopically, but thoracoscopic 
and open approaches may be needed. Much like in abdominal wall hernia, tissue 
repair is optimal if it can be accomplished in a tension-free manner, but mesh 
may be required for larger defects. Outcomes are generally good and recovery 
based on the operative approach.
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24Expert Commentary: Mesh 
Reinforcement of Hiatal Closure
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and Gerald M. Fried

 Introduction

Laparoscopic paraesophageal hernia (PEH) repair has posed a challenge to sur-
geons ever since Cuschieri reported the first case in 1992 [1]. To this day, it 
remains a technically demanding procedure that requires advanced training and 
expertise [2].

The principles of PEH repair, whether laparoscopic or open, involve primary 
closure of the hiatus around the esophagus after complete reduction of the hernia 
sac. However, this repair is associated with a high failure rate, which has led sur-
geons to use prosthetic graft materials to reinforce the hiatal closure. This approach 
was extrapolated from success with tension-free mesh repairs of other types of her-
nias, such as abdominal wall defects. Multiple variations to the traditional PEH 
repair have been tried, with a view to refine the technique and reduce the risk of 
recurrence.

Attempts at crural reinforcement date back almost 100 years. Hedblom et al. first 
used autologous fascia lata in 1925 to buttress the crural closure [3, 4]. Later, pros-
thetic materials such as tantalum [5], polyvinyl formaldehyde sponge [6], and 
polytetrafluoroethylene (PTFE) [7] were introduced as reinforcement materials for 
use at the hiatus. Currently, several different types of prosthetics, in a wide range of 
materials and sizes, are available for this purpose. Regardless of approach, however, 
the recurrence rate remains between 20–59% at 5 years [8–12]. For the purpose of 
this report, we will use the term “mesh” to describe these materials used to support 
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the hiatal closure, although some of these products are solid sheets of material with 
various surfaces designed to promote or discourage ingrowth, while others are truly 
mesh with various weights and pore sizes.

Despite the high recurrence rate, most recurrences are asymptomatic and infre-
quently require a repeat operation [13–15]. Moreover, reported sequelae of the use 
of synthetic materials near the esophagus are not inconsequential and include ero-
sion, perforation, obstruction, and increased risk of major complications at revi-
sional surgery. Bioabsorbable and bioprosthetic meshes seem to be safer than 
synthetic meshes at the hiatus, but are considerably more costly and may be associ-
ated with a higher risk for delayed recurrences.

In this chapter, we will review the literature comparing outcomes of hiatal 
mesh reinforcement to simple closure during laparoscopic paraesophageal hernia 
repair.

 Synthetic (Nonabsorbable) Mesh

 Types

Polypropylene, polytetrafluoroethylene (PTFE), and polypropylene with covalently 
bonded titanized surface (Timesh ®) are types of synthetic mesh that are commonly 
used for this purpose.

 Impact on Recurrence

Synthetic mesh reinforcement seems to reduce at least short-term recurrences of 
PEH compared to primary closure alone.

During the 1990s, multiple small series were published regarding the use of syn-
thetic mesh reinforcement during paraesophageal hernia repair [16–19]. These 
reports were quite heterogeneous, with each group reporting a different technique 
for reinforcing the hiatus with mesh and each using different materials. These were 
small case series (n = 1–5), and follow-up was limited to 3–6 months. There were 
no mesh-related complications reported, possibly due to the small number of 
patients and short follow-up.

Carlson MA et al. [20] reported the very first randomized controlled trial (RCT) 
of laparoscopic paraesophageal hernia repair with prosthetic reinforcement [20]. 
These authors randomized 31 patients to posterior cruroplasty vs cruroplasty with 
mesh reinforcement using polytetrafluoroethylene (PTFE). The mesh was used as 
onlay reinforcement in a keyhole fashion to accommodate the esophagus. All 
patients underwent an esophagogastroduodenoscopy (EGD) and esophagogram at 
3 months after surgery and every 6 months thereafter, with a median follow-up rang-
ing between 12 and 36 months. No recurrences were reported in the mesh group; 
three recurrences (18.8%) were reported in the cruroplasty-alone group. Of these, 
two underwent repeat operative repair for symptoms. Unfortunately, perioperative 
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symptoms and quality of life were not reported in either group, and the definition of 
“recurrence” was not described.

Since this study, there have been multiple RCTs comparing laparoscopic hiatal 
hernia repair with mesh to simple closure of the hiatus (Table 24.1). Many of these 
reported reduced recurrence rates with synthetic mesh and an increased need for 
reoperation for symptomatic recurrence in patients repaired without mesh [18, 21]. 
The follow-up intervals in these studies ranges from 6 to 36 months.

 Cost

While very few trials report cost of repair with synthetic mesh versus primary clo-
sure, use of mesh is logically more costly than primary closure alone. The mesh 
itself has an inherent cost, and the additional operating room time needed to place 
the mesh after primary crural closure must be factored in as well. In one study, an 
additional cost of $1050 USD was estimated with the use of PTFE when compared 
to primary closure [20]. Another report found use of PTFE for hiatal reinforcement 
increased case costs by $960+/−70 USD [22]. The additional cost for the mesh 
techniques needs to be balanced against the substantial cost of reoperation for a 
symptomatic recurrence. These data are not available.

 Synthetic Nonabsorbable Mesh-Related Complications

Several types of complications have been described following crural reinforcement 
with synthetic mesh during paraesophageal hernia repair. Bleeding, stricture, and 
erosion of mesh into the stomach or esophagus (Figs. 24.1 and 24.2) are the most 
commonly reported [21, 23, 24].

Esophageal stenosis causing dysphagia is an oft-described sequela of using syn-
thetic nonabsorbable mesh at the hiatus. These cases frequently require either oper-
ative or endoscopic intervention to treat the dysphagia. If the mesh can be removed 
endoscopically, the resulting stricture may be dilated, potentially avoiding operative 
intervention. If reoperation is necessary, however, the risk of partial esophagectomy 
or gastrectomy is high [16, 25–31]. One publication reported 20 cases of mesh- 
related complications after laparoscopic paraesophageal hernia repair, 8 involving 
polypropylene and 12 involving PTFE. The complications included mesh erosion in 
12 patients and dense fibrosis around the esophagus in the remaining 8, all causing 
significant dysphagia. Only two of these patients were managed non-operatively 
[32]. The remaining patients required operations ranging from laparoscopic retrieval 
of mesh to esophagectomy.

All available RCTs comparing permanent synthetic hiatal mesh to absorbable 
mesh or no mesh have had short follow-up durations (12–36 months), which may 
explain the low rate of reported mesh-related complications in these trials. In a 
recent survey of European surgeons using synthetic mesh for hiatal reinforcement, 
523 respondents reported encountering mesh complications at least once in their 
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careers. These complications included mesh erosion (21%), esophageal stenosis 
(25%), mesh infection (7%), and cardiac tamponade (7%) [33]. The respondents to 
this survey highlight the very real, and often delayed, risk of serious complications 
of synthetic mesh for paraesophageal hernia repair.

The use of Teflon pledgets has also been associated with complications. In one 
retrospective review of 1175 cases of laparoscopic paraesophageal hernia repair, 11 
patients developed symptoms from Teflon pledgets erosion that occurred more than 
2  months after surgery [34]. These patients presented with dysphagia, recurrent 
symptoms of reflux, and melena.

 Absorbable Mesh

 Types

Surgisis®, Strattice ™, Alloderm®, and Gore’s BioA® are the more commonly 
reported absorbable products used for hiatal hernia repair.

Fig. 24.1 Upper GI study 
showing severe esophageal 
stricture caused by 
synthetic (permanent) 
mesh used to reinforce the 
hiatus during HH repair 
and sleeve gastrectomy
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 Impact on Recurrence

Similarly to synthetic nonabsorbable mesh,  multiple RCTs and systematic reviews 
have been conducted comparing absorbable or biologic mesh to simple closure of 
the hiatus. The well-known RCT by Oelschlager et  al., in 2006 [35], compared 
Surgisis® to simple closure of the diaphragmatic pillars. In the Surgisis® group, a 
piece of Surgisis® was prepared and cut in a U configuration. The mesh was then 
placed with the base of the U overlying the posterior hiatal closure and sutured in 
place with interrupted sutures. A total of 108 patients were randomized and fol-
lowed for 6 months. Recurrence was defined as a hiatal hernia >2 cm diagnosed on 
upper gastrointestinal imaging or the need for reoperation secondary due to wrap 
disruption, migration, or herniation at any time during the study period. Initial 
results showed a significantly lower recurrence rate in the mesh group versus the 
simple closure group (9 vs 24%, p = 0.04). Based on these early results, the authors 
concluded that hiatal reinforcement with Surgisis® resulted in fewer recurrences 

2

4

6

9

Fig. 24.2 Gastroscopy 
showing synthetic mesh 
erosion into the esophagus 
causing significant 
stricture. The patient 
presented with severe 
dysphagia several years 
after PEH repair. Multiple 
endoscopic dilatations 
were required. The mesh 
was retrieved 
endoscopically
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when compared to simple closure of the hiatus [35]. This trial stimulated enthusi-
asm for the use of biologic material to supplement crural closure. However, a fol-
low- up study of these same patients examining recurrence rates at 5 years showed 
no difference between groups [10].

Two RCTs compared synthetic mesh, biologic mesh, and simple closure after 
PEH repair. These studies found no difference in recurrence rates among all three 
groups at 12 months [36] and 24 months [11], with recurrence rates ranging from 
12% to 30%.

No reports could be found specifically examining the efficacy of bioprosthetic 
absorbable mesh for crural reinforcement. A retrospective review of a single institu-
tion database found no significant difference in hernia recurrence rates or complica-
tions with BioA® and biologic meshes [37]. Another retrospective series of 114 
patients undergoing both sliding and PEH repair with BioA® mesh reported a 
recurrence rate of 0.9% with a median follow-up of 1 year. While this low recur-
rence rate is highly encouraging, this study has several significant limitations, 
including its retrospective nature, lack of long-term follow-up, and inclusion of 
small (sliding) hiatal hernias [38]. No mesh-related complications were reported in 
either series. As prospective data are lacking, no meaningful conclusions can be 
drawn regarding the efficacy of bioprosthetic mesh for prevention of hiatal hernia 
recurrence.

 Cost

No trials have directly compared cost differences between various mesh repairs 
versus primary closure alone. However, use of these meshes is clearly more costly 
than simple primary closure. While costs of materials vary somewhat by region, 
biologic meshes have been reported to cost up to $1202 USD per case and other 
materials up to $483 USD [39].

 Absorbable Mesh-Related Complications

Mesh-related complications are in general far less common or devastating for 
absorbable meshes compared to permanent synthetic crural reinforcements. Fibrosis 
and dysphagia seem to be the most common sequelae of absorbable mesh placed 
next to the esophagus. One series described four patients who developed dysphagia 
and pain after paraesophageal hernia repair with absorbable mesh reinforcement. Of 
these, one required reoperation to remove the mesh as it was determined to be the 
cause of his dysphagia, and another required multiple endoscopic dilatations [34]. 
Another series described 6 patients who developed dysphagia due to extensive 
fibrosis around the gastroesophageal junction after absorbable mesh use [32].

As with randomized controlled trials of permanent mesh for hiatal reinforce-
ment, most RCTs examining outcomes with absorbable mesh report only short-term 
outcomes. In the Oelschlager 5-year follow-up study of 108 patients randomized to 
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no mesh versus Surgisis reinforcement, no significant mesh-related complications 
were reported [10]. In general, it seems complications of absorbable mesh occur 
less frequently, and are less devastating, than those encountered when permanent 
mesh is used at the hiatus.

 Meta-analyses of Randomized Controlled Trials

Since the results of individual RCTs regarding the value of mesh reinforcement at 
the hiatus have been conflicting, numerous systematic reviews and meta-analyses 
(SR&MAs) have been conducted [2, 9, 40–43]. Most of these grouped synthetic and 
biologic meshes together in their analysis of outcomes, and the majority have con-
cluded there is insufficient evidence to support routine mesh reinforcement of any 
type at the hiatus.

In 2016 alone, there were two such systematic reviews and meta-analyses pub-
lished [2, 9]. Memon et al. reviewed four randomized controlled trials (406 patients) 
comparing mesh repair to simple closure during laparoscopic hernia repair [9]. The 
median follow-up was 6 months. They concluded that all included RCTs suffered 
from poor methodological quality and that there is presently no evidence to support 
the routine use of mesh. The report by Tam et al. (2016) analyzed 26 studies com-
paring mesh repair to simple closure in laparoscopic paraesophageal hernia repair 
with recurrence as the primary outcome [2]. They found the odds of hernia recur-
rence in the mesh repair group were 49% less (OR 0.51, 95% CI 0.30 to 0.87; 
p = 0.014) relative to the baseline group of simple repair. However, there was no 
significant difference in the need for reoperation between mesh and non-mesh 
groups (odds ratio 0.42, 95% CI 0.13 to 1.37; p = 0.149). Furthermore, the included 
studies were highly variable with respect to type of mesh used, definition of recur-
rence, and time to objective follow-up, which ranged between 6 and 117 months, 
such that a favorable conclusion toward mesh repair could not be made. Of the stud-
ies included in the same meta-analysis, three studies reported six mesh-related com-
plications including five mesh erosion into the esophagus and one unspecified 
complication requiring mesh removal [2].

 Significance of Hiatal Hernia Recurrence After Paraesophageal 
Hernia Repair

Recurrence has classically been used as a metric of quality after paraesophageal 
hernia repair. As such, the goal of paraesophageal hernia repair historically has been 
to avoid recurrences of any size, even small type I hernias. As described above, the 
majority of RCTs and other studies examining mesh reinforcement after hiatal clo-
sure report follow-up of only ~6–24 months; few of these report on pre- vs postop-
erative quality of life or symptoms (Table 24.1). The one trial which did report on 
these outcomes at 5  years in patients receiving biologic vs no mesh found no 
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differences in symptoms, quality of life, or need for reoperation between groups, 
regardless of hernia recurrence [10].

In the absence of direct data, need for reoperation may be used as a surrogate for 
poor quality of life or intolerable symptoms. In large series reporting on 5–10 years 
of follow-up, the rate of reoperation appears to be quite low (0–4.8%) [8, 10]. 
Furthermore, in studies that have reported long-term quality of life and symptoms 
scores, these appear to improve and remain stable over time irrespective of hernia 
recurrence [8, 44–46]. In light of these results, it seems that anatomical recurrence 
alone is not a sufficient indicator of operative “failure” after PEH repair.

 Summary

Despite numerous RCTs and other clinical reports, the available data do not pres-
ently support the routine use of mesh for crural reinforcement over primary cruro-
plasty alone. While synthetic nonabsorbable mesh use has been shown to result in 
lower anatomic recurrence rates, most recurrences are of little clinical significance 
and do not warrant the risk of catastrophic complications from permanent mesh 
placed at the hiatus. Absorbable materials might lessen the risk of serious complica-
tions but result in similar long-term recurrence rates to primary closure with consid-
erable additional cost.

As such, it is our opinion, based on the available evidence at this time, that rou-
tine mesh reinforcement after primary hiatal hernia repair is of little clinical value 
and associated with elevated risk of complications and cost. We recommend against 
the use of permanent mesh entirely and suggest that bioabsorbable meshes be used 
only selectively.
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 Introduction

The history of Barrett’s esophagus provides insight into current understanding not 
only of esophageal cancer but also of the anatomy and physiology of hiatal hernia 
and GERD.

A current definition of Barrett’s esophagus is “the condition in which metaplastic 
columnar epithelium replaces the stratified squamous epithelium that normally lines 
the distal esophagus and predisposes to cancer development” [36, 39, 43, 48, 49]. 
Although straightforward, the definition of and ability to precisely identify the 
esophagogastric junction and agreement on what constitutes metaplastic epithelium 
that predispose to cancer development remain problematic.

When Norman Barrett first described esophageal ulcers associated with reflux 
esophagitis, he believed that the esophagus ended at the squamocolumnar junction 
(SCJ, the top of the columnar epithelium) and that the segment we now call 
“Barrett’s esophagus” was an axially herniated, acid-secreting gastric tube with nor-
mal gastric mucosa. There was no mention of extension of columnar epithelium up 
the esophagus nor of it being metaplastic or predisposing to cancer risk.

Reviewing the history of Barrett’s esophagus provides a framework for our cur-
rent understanding of and confusion about what constitutes Barrett’s esophagus. 
Issues that have arisen during this history include:

 1. Whether columnar lining in a tubular section of the foregut represented a tubu-
larized stomach or changes in the esophagus.

 2. If the columnar lining was indeed a change in the esophagus, did it represent 
congenital heterotopic glands or metaplastic change?
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 3. If metaplastic change, what was the cause?
 4. Whether some extent of columnar mucous but not acid-secreting lining was nor-

mal and protective against acid, or whether this cardiac mucosa was a pathologic 
finding.

 5. Whether intestinal metaplasia found on esophageal biopsy is required for the 
diagnosis of Barrett’s.

 6. What extent of columnar lined esophagus is required for a diagnosis of Barrett’s.
 7. Whether cardiac mucosa represents the early stage in the development of 

Barrett’s esophagus.
 8. Whether there is a point at which cardiac mucosa will go on to metaplastic, pre-

cancerous Barrett’s or “regress” to oxyntocardiac mucosa that lacks malignant 
potential.

Barrett’s esophagus is characterized by a metaplastic epithelium in the distal 
esophagus which may (or may not) be visualized as columnar epithelium during 
flexible endoscopy. To understand the history, definition, and current controversies 
surrounding Barrett’s esophagus requires an understanding of what defines the gas-
troesophageal junction and the various histologies present in this region. 

 Anatomy of the Gastroesophageal Junction

 (a) The term “gastroesophageal junction” (GEJ), as it lacks modifiers, implies that 
there is just one junction. However, the GEJ can be visualized histologically, 
anatomically, endoscopically, and by manometry. Unfortunately not all these 
visions coincide and have been one source of confusion. 

 (b) Anatomic: Most would agree that the anatomic GEJ is where the tubular 
esophagus ends and the billowing of the proximal stomach starts when exam-
ining an ex vivo esophagus and stomach. It is assumed that the transition from 
two layers of muscularis propria to three layers coincides with the finding of 
peritoneal lining. In a normal person this would be an oblique junction starting 
at the angle of His (typically fairly clearly seen) and extending medially and 
inferiorly toward the lesser curve (where peritoneal lining is used to define the 
transition). Visualization of the squamocolumnar junction on retroflex view of 
the distal esophagus is a normal finding indicating the anatomic/endoscopic 
GEJ. If the squamocolumnar junction is not visualized on retroflexion, this can 
indicate a fixed hiatal hernia or a condition in which rugal folds extend up the 
distal esophagus. 

 (c) Endoscopic: The most commonly used definition of the GEJ is the proximal 
limit of the rugal folds seen during sedated endoscopy with minimal esophageal 
distention. McClave in 1987 described a normal SCJ as proximal to within 2 cm 
of the rugal folds, including in a patient with hiatal hernia [21]. Eventually cli-
nicians decided that the proximal limit of gastric rugal folds reliably coincided 
with muscular GEJ. The latter is not true. 

Using the proximal limit of the rugal folds is recognized as problematic 
because it will vary with the amount of esophageal distention, the normal 
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slippage of mucosa over the muscularis propria, the presence of a hiatal hernia, 
and a more recent recognition that rugal folds may be present in a dilated distal 
esophagus due to longstanding GERD. 

The surgeon who performs esophageal surgery is actually fairly well 
equipped to discern the relation of the start of the rugal folds and the anatomic 
GEJ by performing flexible endoscopy after division of the phrenoesophageal 
membrane: with the stomach distended, the endoscope is drawn back until the 
billowing ends and a tube begins. This almost always corresponds to the angle 
of His. If rugal folds extend proximally into the tube, this represents develop-
ment of rugal folds within the distal esophagus (a dilated distal esophagus). 
Without this maneuver, i.e., during normal endoscopic examination, the upper-
most limit of the rugal folds would mistakenly be diagnosed as the GEJ. 

 (d) Manometric: Esophageal manometry characterizes a high-pressure zone in the 
distal esophagus which consists of the lower esophageal sphincter and the cru-
ral diaphragm. In the absence of a hiatal hernia, the lower end of the high-
pressure zone corresponds to the anatomic GEJ.  Paull was the first to use 
manometry to localize esophageal biopsies and in so doing described fundic-
type epithelium in the distal esophagus (what is now called oxyntocardiac 
mucosa). Multiple studies have found a correlation between the length of 
Barrett’ s esophagus and shortening of the lower esophageal sphincter [10, 28]. 

 (e) Histologic: Allison in 1957 argued that columnar lining in the tubular area, 
which Barrett had thought gastric, was indeed esophageal due to the presence 
of submucosal glands in this mucus- secreting epithelium. He also found ana-
tomic evidence to support this conclusion. 

 1. Histology of the Gastroesophageal Junction 
 (a) Stratified squamous epithelium: This is a normal epithelium found only in 

the esophagus. It may have mucosal and submucosal glands. The presence 
of glands has helped define the anatomic esophagus even when the more 
superficial region has been superseded by metaplastic epithelium, but may 
not be seen on routine endoscopic biopsies. 

 (b) Oxyntic mucosa: This is a normal columnar epithelium which is composed 
of parietal and chief, parietal, and mucous cells. The surface and foveolar 
layers consist of mucous cells; parietal and chief cells are found in straight 
tubular glands. 

 (c) Cardiac mucosa: Once thought a normal finding in the distal esophagus, it is 
becoming accepted that this is an abnormal, metaplastic epithelium. It is 
composed of mucous cells (no parietal, chief, or goblet cells). Also called 
junctional mucosa or mucous-cell-only mucosa, it is seen in the esophagus. 

 (d) Oxyntocardiac mucosa, also called fundic-type epithelium: This is an 
abnormal mucosa comprised of parietal cells and mucous cells. Initially 
described by Paull in 1976 [29]. It can resemble gastric oxyntic mucosa 
if there are numerous parietal cells and few mucous cells, in which case 
the finding of mucous cells mixed with parietal cells within the glands 
establishes it as oxyntocardiac. The term oxyntocardiac was introduced 
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in 2000 by Chandrasoma to clarify that this mucosa is only seen in the 
esophagus proper, and not in the gastric fundus [11]. 

 (e) Esophageal intestinal metaplasia: Often considered the sine qua non of 
Barrett’s esophagus, intestinal metaplasia (IM) is characterized by the find-
ing of goblet cells. Goblet cells secrete acid mucin, which distends the lat-
eral borders of the cell creating a goblet appearance. These cells stain with 
Alcian blue and are also recognized during fluorescein dye infusion using 
confocal laser endomicroscopy [22, 25]. Early reports recognized this type 
of epithelium as predisposed to malignancy; by reverse logic it is often seen 
as necessary finding to diagnose Barrett’s esophagus (if Barrett’s esophagus 
is taken to mean any condition in the esophagus that predisposes to malig-
nancy). As we will see, more recent research indicates that cardiac mucosa 
also predisposes to malignancy [9]. 

 (f) Atrophic oxyntic mucosa, also called atrophic gastritis: This is an abnormal, 
mucous-cell-only epithelium with loss of parietal cells, and so may resemble 
cardiac mucosa, which is also a mucous-cell-only epithelium. Atrophic gas-
tritis has a flat surface and involves large areas of the stomach, compared to 
cardiac mucosa, which is hyperplastic, often  inflammatory, and limited to 
the distal  esophagus and 3 cm distal to the currently defined esophagogastric 
junction. Atrophic gastritis can be a result of H. pylori infection or autoim-
mune gastritis. 

 (g) Gastric intestinal metaplasia: Consisting of goblet cells in oxyntic mucosa. 
It is typically seen in severe cases of atrophic gastritis where there is parietal 
cell loss. When parietal cells are seen, the diagnosis is clear; otherwise the 
distinction from esophageal intestinal metaplasia (Barrett’s esophagus) can 
be difficult [10] (Table 25.1). 

 Table 25.1  Table of epithelial types in the region of the GEJ

Cell type Defining cell type Location 
 Additional 
characteristics 

Squamous 
epithelium 

Squamous Esophagus  Submucosal 
glands 

 Ki67 only in 
suprabasal 
region 

Intestinal 
metaplasia 

Goblet cells Esophageal  Within cardiac 
mucosa 

Gastric  Within (atrophic) 
oxyntic mucosa 

Cardiac Mucous cells, no 
parietal or goblet cells 

Esophagus  Carditis – 
inflammatory cells 

Oxyntocardiac Mucous and parietal 
cells, no chief cells 

Esophagus  Paull: atrophic 
epithelium 

Oxyntic Parietal and chief cells Gastric 
Atrophic 
oxyntic 

Oxyntic but with some 
or complete loss of 
parietal cells, may have 
only mucous cells or 
goblet cells (IM) 

Gastric  Associated 
with H. pylori 
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 Synopsis of Errors Along the Way

 1. Barrett thinks that the esophagus ends at the squamocolumnar junction.
 (a) Barrett corrects that idea and agrees peritoneal lining is good definition. 

 2. Barrett and Allison think that this columnar epithelium in the distal esophagus is 
gastric (acid-secreting) in nature. 

 3. Barrett and Allison among others believe the columnar epithelium to be 
congenital. 

 4. The terms gastric and fundic mucosa become used indiscriminately, with varied 
interpretations. 

 5. Hayward advocates that up to 2 cm of mucus-secreting epithelium in the distal 
esophagus is normal, protecting proximal squamous epithelium from gastric 
acid. Thus mucus-secreting epithelium without parietal cells (now called cardiac 
mucosa) is largely ignored. 

 6. A research criterion – 3 cm of columnar lined esophagus – becomes a de facto 
requirement for Barrett’s esophagus. Along with Hayward’s position that up to 
2 cm of columnar lined esophagus is normal, columnar lined esophagus of <3 cm 
is largely ignored. 

 7. Although the association of Barrett’s esophagus with severe reflux disease was 
correct, many incorrectly assumed that Barrett’s would only be seen in patients 
with severe reflux disease. 

 8. Intestinal metaplasia (presence of goblet cells) transitioned from being the most 
common and easiest to identify criterion for Barrett’s esophagus to being the sine 
qua non and became required for the diagnosis of Barrett’s. (Correctly, intestinal 
metaplasia does seem to have the highest risk of developing cancer.)

 Preview of Key Insights

 1. Barrett recognizes that there is something different about the lining below cer-
tain types of mid-esophageal ulcers. 

 2. Allison posits that the peritoneal reflection defines gastroesophageal junction 
and finds that columnar epithelium extends proximal to the gastroesophageal 
junction. Barrett agrees. 

 3. Hayward posits correctly that columnar epithelium in the esophagus is 
metaplastic. 

 4. Paull confirms that junctional mucosa (now called cardiac mucosa) and gastric 
fundic-type mucosa (now called oxyntocardiac mucosa) are present in the mano-
metrically defined lower esophagus. When present, IM was always above junc-
tional mucosa which when present was always above gastric fundic-type mucosa. 

 5. Spechler et al. find that intestinal metaplasia is present in patients with <3 cm of 
columnar lined esophagus, including those without severe reflux disease. 

 6. Chandrasoma argues that cardiac mucosa results from injury to the esopha-
gus. The histologic criterion for the esophagogastric junction, which was 
only described previously (and incorrectly) by Norman Barrett as the end of 
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squamous epithelium, is now reversed: the EGJ is defined as the start of gas-
tric epithelium defined by the presence of parietal (oxyntic) cells. Anything 
above this is acquired due to reflux damage and has the potential for increas-
ing the risk of adenocarcinoma. 

 Norman Barrett’s Personal Life

Norman Barrett was a pioneer in thoracic surgery whose contributions extended 
well beyond the condition that bears his name. Born in Australia in 1903, he received 
his medical training in England and the USA. In 1948 he founded the first thoracic 
surgery department at St. Thomas Hospital in London. He was the first editor of the 
journal Thorax and remained so for 25 years. Many of the early articles pertinent to 
the history of Barrett’s esophagus were published in Thorax. His contributions to 
thoracic surgery included a technique for enucleation of pulmonary hydatid cysts, 
known as “the Barrett technique.” He performed the first successful repair of a 
Boerhaave’s perforation of the distal esophagus. Barrett was instrumental in the 
acceptance of Heller’s myotomy over esophagogastrostomy for achalasia [20]. 

 A General History of Barrett’s Esophagus 

Norman Barrett’s first description of reflux-induced change in the esophagus was 
not that of columnar lining, but of peptic ulcer. Antedating Barrett’s pivotal 1950 
description, Albers in 1839 described peptic ulcer of the esophagus [3], and Tileston 
described 3 cases of peptic ulcer of the esophagus associated with gastric-type epi-
thelium and thought the ulceration is due to incompetence of the cardia, i.e., to 
GERD [47]. 

Allison in 1948 described various types of hiatal hernia and also heterotopic (not 
metaplastic) gastric mucosa [1]. Allison believed that a short esophagus was not con-
genital but secondary to acquired sliding hernia leading to peptic injury with associ-
ated contraction. He refuted the current concept that these ulcers were due to 
congenital shortening of the esophagus leading to gastric reflux. He proposed instead 
that acquired hiatal hernia led to incompetence of the cardia and gastric reflux. 

Norman Barrett in 1950 described ulcers associated with reflux esophagitis with 
resultant circumferential and longitudinal stricture, pulling the stomach up above 
the hiatus resulting in a tubularized stomach covered by peritoneum [3]. He defined 
the esophagus as that portion of foregut lined by squamous epithelium that was 
distal to cricopharyngeus. As the descriptions entailed patients with peptic ulcers or 
strictures, the gastric-type epithelium in this gastric tube was, not illogically, con-
sidered to be acid-secreting gastric mucosa. 

Allison and Johnstone 1953  in an article titled “The Oesophagus Lined with 
Gastric Mucous Membrane” described a segment of columnar lined esophagus 
(CLE) interposed between the squamocolumnar junction and the stomach [2]. Their 
criteria for considering this columnar lining to be esophagus included (1) a lack of 
peritoneal lining, (2) the presence of longitudinal and circular musculature of 
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normal esophagus, (3) findings of islands of squamous epithelium in this area, (4) a 
lack of oxyntic cells, and (5) the presence of typical esophageal mucous glands in 
the submucosa. This gastric-type lining of the esophagus (though lacking oxyntic 
cells) was considered at the time most often congenital and not acquired. The ulcer-
ations were always associated with hiatal hernia, and so it was also not clear to what 
extent the gastric-type lining or the hernia contributed to the ulcers. This was also 
called “gastric mucosa of the cardiac type” and was considered to be in the esopha-
gus. Though gastric mucosa in the esophagus was recognized as heterotopic and not 
normal, it was not yet understood to be acquired or metaplastic. The article discusses 
whether peptic ulcer healing in an acid environment would be with gastric or squa-
mous epithelium, and if the former, then gastric mucosa in the esophagus could be an 
acquired condition and “calls for further investigation.” The term “Barrett’s ulcers” 
is introduced in reference to chronic esophageal ulcers occurring in the gastric lined 
portion of the esophagus. Unlike peptic ulcers of the esophagus, Barrett’s ulcers were 
more likely to bleed or perforate. One patient developed cancer – called a gastric 
cancer – in this paper. The paper contains pathologic descriptions of seven patients 
and refers to cardiac mucosa without oxyntic glands, sometimes with goblet cells. 

Barrett’s 1957 paper “The Lower Esophagus Lined by Columnar Epithelium” 
recognized Allison and Johnson’s research. Barrett reversed his earlier belief that 
the gastric lined tube was the stomach and agreed that it indeed was a portion of the 
esophagus. He suggested the term “columnar epithelium” as it was descriptive and 
without an etiologic implication [4]. Barrett thought the best etiologic explanation 
was congenital, “the result of a failure of the embryonic lining of the gullet to 
achieve normal maturity.” He discusses but ultimately rejects the idea that damage 
to the esophagus could result in replacement of squamous epithelium by the more 
quickly growing columnar epithelium. Thus “Barrett’s ulcer” became “Barrett’s 
esophagus” denoting columnar lining of the lower esophagus. Both Allison and 
Barrett recognized the possibility that columnar epithelium was acquired and due to 
reflux, but still felt it was congenital. By the 1960s columnar epithelium was recog-
nized to be an acquired condition due to reflux injury with subsequent healing with 
a mucous lined epithelium that was protective against further peptic injury. 

Hayward, in 1961, in an editorial that was conceptual rather than based in sci-
ence, described columnar transformation of the esophagus as a sequence related to 
peptic injury and was the first to argue that this was “metaplastic” [17]. Important 
aspects of this paper are as follows: (1) He defines EGJ anatomically, not related to 
mucosa changes, as end of the tube. (2) He advocates getting rid of the term “car-
dia” as it is a vague anatomic entity. (3) He recognizes that mucosa slides up and 
down up to 2 cm in normal swallowing. (4) He proposes that it is normal for there 
to be a section of columnar epithelium interposed between squamous and oxyntic 
mucosa, composed of mucous cells without oxyntic cells. Columnar epithelium is a 
normal and necessary protective boundary between acid-producing gastric mucosa 
and acid-sensitive squamous epithelium. This portion of the esophagus would typi-
cally be lined by what he terms “junctional” epithelium (mucus-secreting epithe-
lium, devoid of oxyntic cells; mention is not yet made of goblet cells). As peptic 
injury progresses up the esophagus, healing occurs in a metaplastic fashion, and this 
junctional mucosa extends ever proximally. Hayward thought this approach had the 
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following implications: (1) Carcinoma of the cardia should be regarded as a variant 
of esophageal cancer. (2) Reflux injury leads to proximal extension of the junctional 
epithelium. It is not congenital ectopic tissue. (3) Were it congenital ectopic tissue, 
then any treatment of complications (ulcer or stricture) should involve resection of 
this tissue on the other hand, if it is acquired, then surgery to correct reflux might be 
more appropriate, and might lead to regression of junctional epithelium. In retro-
spect, the introduction of the concept of “junctional” epithelium still left confusion 
on whether even a small amount of mucus but non-acid-producing epithelium just 
below squamous epithelium was normal (implication, congenital) or acquired 
(metaplastic) (Fig. 25.1).

Actual proof that columnar lined esophagus could be acquired awaited the work 
of Cedric Bremner, who induced columnar lined epithelium in dogs by surgically 
creating an incompetent sphincter and reflux [8]. 

With evolving recognition that a segment of columnar lined esophagus (CLE) was 
present in some patients – typically those with hiatal hernia and reflux – a better 
understanding of the cell types comprising this segment evolved. Barrett and Allison 
both had considered this segment to be acid-secreting gastric epithelium, though 
possibly producing more mucus and less acid than typical gastric epithelium. Bosher 
and Taylor in 1951 were the first to describe goblet cells in columnar lined esopha-
gus [6]. Morson and Belcher in 1952 described an esophageal adenocarcinoma sur-
rounded by intestinal-type epithelium with goblet cells [23]. Hayward in his 1961 
editorial describes junctional mucosa as comprised of mucus-secreting cells, devoid 
of acid-secreting oxyntic cells, but does not mention goblet cells. 

Paull in 1976 was the first to report findings in biopsies of patients with Barrett’s 
esophagus in which the biopsies were guided specifically by esophageal manome-
try. The paper describes the following types of mucosa present in or above the 
manometrically determined lower esophageal sphincter:

• Distinctive specialized columnar epithelium with a villiform surface, mucous 
glands, Alcian blue-staining intestinal-type goblet cells, and no parietal or chief 
cells.

• Cardiac mucosa (Hayward’s junctional type) composed only of mucus cells. No 
oxyntic (parietal, acid-secreting) cells.

• Gastric fundic-type epithelium with parietal cells and mucus. This is currently 
also called oxyntocardiac mucosa. In areas where parietal cells were present, the 
epithelium was markedly atrophic, and so not the same as true normal gastric 
fundic epithelium. 

When present, specialized columnar epithelium was always the most proximal, 
and gastric fundic epithelium the most distal epithelium  in Paull’s description. 
Junctional (aka cardiac) epithelium was interposed between gastric fundic and spe-
cialized columnar or squamous epithelium [29]. Although this may seem straight-
forward, gastric fundic epithelium has oxyntic and mucus cells and when atrophic 
can have goblet cells. Junctional epithelium could only be distinguished from 
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atrophic gastric epithelium if no oxyntic cells were seen on biopsy. At this point the 
concept of carditis – that junctional epithelium was inflammatory and so abnormal 
and metaplastic – had not been introduced. 

As endoscopy became more prevalent, the need arose to define Barrett’s esoph-
agus based on endoscopic rather than surgical resection or autopsy findings. 
Biopsies of mucosa alone could not  – at this time  – distinguish normal  gastric 
mucosa from metaplastic esophageal  epithelium unless goblet cells were seen. 
Routine endoscopic biopsies do not extend deeply enough to pick up what are 
considered to be reliably defining characteristics of the esophagus – submucosal 
glands, circular and longitudinal muscularis, much less peritoneum or lack thereof 
(thank goodness!). An unreliable and variable endoscopic landmark – the start of 
the rugal folds – became the de facto definition of the gastroesophageal junction. 
Issues with using endoscopic landmarks include variability of the proximal extent 
of rugal folds with varying esophageal distention and mucosal slippage over the 

Fig. 25.1 Hayward’s conception of junctional epithelium [17]
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muscularis during swallowing. Hayward’s influence had led to the belief that 2 cm 
of junctional mucosa was normal. Recognizing the inherent limitations in endo-
scopic biopsies and wishing to avoid confounding factors including false-positive 
biopsies of goblet cell gastric mucosa, researchers required a minimum of 3 cm of 
columnar lined esophagus to include a patient in studies of Barrett’s esophagus [41]. 
By the early 1990s, this minimum of 3 cm of columnar lined esophagus evolved 
from a research criterion to a clinical definition of Barrett’s [30]. Endoscopists 
tended to ignore and not biopsy columnar epithelium of less than 3  cm. As 
Barrett’s esophagus had been associated with severe GERD, patients with minimal 
GERD symptoms were also ignored. 

In 1994 Spechler et al. challenged the concept of the 3 cm rule by performing 
routine biopsies of patients (not just those with severe GERD) with less than 3 cm 
of columnar lined epithelium and found intestinal metaplasia in 18% [44]. This 
somewhat unexpected finding, present even in patients with no signs or symptoms 
of GERD, was subsequently confirmed by other investigators [31, 32, 50]. The con-
cept and terminology of short-segment Barrett’s esophagus (SSBE) (< 3 cm of IM) 
emerged, and IM of ≥ 3 cm termed long-segment Barrett’s esophagus (LSBE). The 
association of Barrett’s esophagus of any length with increased esophageal acid 
exposure (81% in SSBE, 100% in LSBE) and decreased LES competency led to 
Barrett’s esophagus being diagnostic of GERD and an indication for treatment out-
side of pH testing [12]. 

Nandurkar in 1997, using Alcian blue staining as the standard to identify goblet 
cells, found that 50% of Barrett’s would be missed by H&E staining alone [25]. 
Alcian blue staining replaced H&E staining as the criterion for goblet cells. 

Since the clinical importance of Barrett’s esophagus was related to its precancer-
ous condition, and goblet cells were the hallmark of Barrett’s esophagus, clinicians 
tended to regard any biopsy of the distal esophagus showing goblet cells “Barrett’s,” 
regardless of its visible extent. To help eliminate false-positive biopsies of gastric 
epithelium, some investigators wished to maintain a minimum of 1 cm of columnar 
lined esophagus. To a certain extent, this  concern about the potential for false- 
positive biopsies holds true today in the recommendaton advanced by some GI soci-
eties not to biopsy a normal-appearing SCJ [38]. 

Should any finding of goblet cells in biopsies of the EGJ should be considered 
Barrett’s esophagus and not gastric IM due to atrophic gastritis? As adenocarcinoma 
has developed in patients with goblet cells found on routine biopsies of the EGJ, 
consensus has developed that goblet cell metaplasia should be considered Barrett’s 
esophagus regardless of length. Should cardiac mucosa be considered metaplastic 
and having premalignant potential? Work by Chandrasoma and others has demon-
strated that cardiac mucosa is indeed metaplastic. Hence the current definition of 
Barrett’s esophagus as “the condition in which any extent of metaplastic columnar 
epithelium that predisposes to cancer development replaces the stratified squamous 
epithelium that normally lines the distal esophagus” [43]. 

Early investigators postulated that gastric-type epithelium migrated proximally 
onto GERD-damaged epithelium [2]. The current hypothesis is that GERD dam-
ages the squamous epithelium resulting in the exposure of multipotential stem cells 
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in the basal layer to refluxed gastric juice, triggering abnormal, metaplastic differ-
entiation [18, 35]. 

It is interesting that, in an era of DNA analysis, the most specific diagnostic cri-
terion for Barrett’s esophagus is still the finding of goblet cells on biopsy, a concept 
introduced in 1951. This is true not only in the clinical setting but in the research 
setting, where various markers such as p53 have proved neither more specific nor 
predictive of the risk of developing Barrett’s, nor of it progressing to dysplasia [42]. 

 IM, Barrett’s, and Risk of Adenocarcinoma

Small case series such as those of Barrett and Allison in the 1950s included patients 
with adenocarcinoma within a segment of columnar lined esophagus, but the can-
cers were thought to be gastric in origin based on the belief that columnar lined 
esophagus was congenital gastric-type mucosa. Morson and Belcher in 1952 may 
have been the first to describe an esophageal adenocarcinoma arising in the pres-
ence of goblet cells [23]. Barrett in 1957 posited that adenocarcinomas arising in 
columnar lined epithelium above the GEJ were not due to upward growth of a gas-
tric cancer, but arose de novo in columnar lined esophagus. He based this concept 
on his finding adenocarcinomas in the proximal region of columnar lined esophagus 
that did not extend down to the GEJ, and were amenable to resection [4]. 

During the 1970s case reports of finding dysplasia or esophageal adenocarci-
noma in Barrett’s epithelium emerged [5, 16, 29]. By the 1980s it was fairly widely 
accepted that esophageal adenocarcinoma was found in the presence of surrounding 
IM, that the IM often exhibited dysplasia, and that therefore IM was the precursor 
of esophageal adenocarcinoma. IM became the sine qua non of clinically significant 
BE. Goblet cells in IM were easily identifiable. As there was no known role for 
cardiac or fundic-type epithelium in the course of esophageal injury, these epithelial 
types were largely ignored by clinicians and researchers. 

Gastric cardia adenocarcinomas had been considered gastric in origin, even 
though they typically involved the distal esophagus. Clark in 1994 reported findings 
of IM in 42% of cardiac cancers and 79% of esophageal cancers, but only 5% of 
subcardiac carcinomas [13]. Subsequent confirmatory studies led to the reclassifica-
tion of cardiac cancers from being of gastric to esophageal in origin, and to an under-
standing of GERD as the etiology of these cancers [45]. 

After Spechler’s finding of intestinal metaplasia in patients with minimal visible 
columnar epithelium, short-segment Barrett’s esophagus (SSBE)  also came to be 
regarded as a premalignant condition. Weston in 1997 found dysplasia at presenta-
tion in 8% of SSBE v 24% of LSBE, though only the LSBE went on to develop HGD 
or adenocarcinoma [51]. Sharma found a similar prevalence of dysplasia in SSBE, an 
incidence of 5.7%/year, and progression to HGD and adenocarcinoma. The need for 
surveillance in SSBE, as was being done for LSBE, was established [40]. 

Barrett’s esophagus circa 2,000 was defined as the presence of intestinal meta-
plasia in any visible area of columnar epithelium that was present above the GEJ, the 
GEJ understood to be the proximal limits of the rugal folds at endoscopy. 
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Three questions arise from this definition that persist today regarding the risk of 
cancer: (1) What is the risk of intestinal metaplasia progressing to cancer if the 
biopsy is taken from an endoscopically normal esophagus without visible columnar 
lined esophagus? If present, how should this be followed or treated? (2) If there is 
visible columnar lined esophagus without IM on biopsy, is this still a condition that 
predisposes to cancer and so falls under the clinical definition of Barrett’s? (3) Are 
there other cellular and epithelial findings that predispose toward the development 
of adenocarcinoma? 

(1) The malignant potential of intestinal metaplasia on a biopsy of a normal- 
appearing SCJ remains enigmatic. From a scientific point of view, it would make 
sense to biopsy patients with a normal SCJ and follow them to see if those with IM 
have any increased risk of malignancy. Perhaps because of increased sampling error, 
perhaps because of economic/cost issues of surveillance in this patient population, 
scientific rigor has been overruled in clinical practice. Consider the 2011 American 
Gastroenterological Association’s technical review on the management of Barrett’s 
esophagus: “The inclusion of patients with cardia-type epithelium under the rubric of 
‘Barrett’s esophagus’ would substantially increase the number of patients with that 
disorder, which would substantially increase treatment costs. The benefits of surveil-
lance and treatment programs for Barrett’s esophagus are debated, even for patients 
with intestinal metaplasia, whose cancer risk is far better defined. The likelihood of 
finding intestinal-type epithelium in Barrett’s esophagus varies directly with the 
extent of the esophageal columnar lining, and the issue of whether to consider cardia-
type epithelium a marker for Barrett’s esophagus usually concerns only patients with 
short segments of esophageal columnar epithelium (generally segments considerably 
less than 3 cm in extent). The clinical benefit of biopsy sampling for patients with 
such short segments of esophageal columnar epithelium has not been established 
[43].” The British Society of Gastroenterology recommends that even an irregular 
Z-line with tongues less than 1 cm should not be biopsied because the clinical signifi-
cance of IM in this region is unclear. “Surveillance is generally not recommended in 
patients with IM at the cardia or in those with an irregular Z-line regardless of the 
presence of IM (Recommendation grade C)” [14]. 

(2) Lack of IM on biopsies of visible columnar lined esophagus probably indi-
cates a sampling error. When followed, most patients will demonstrate IM on sub-
sequent biopsies [14]. When IM is not present in these biopsies, cardiac mucosa is 
typically found. 

(3) There is increasing evidence that cardiac mucosa, once considered a normal 
finding, is not only pathologic but predisposes to malignancy. In the earliest part of 
disease, injured esophageal squamous epithelium heals as cardiac mucosa, with 
inflammatory cells seen deeper in the epithelium. Histochemical and genetic studies 
of cardia-type epithelium have revealed DNA and other abnormalities (villin, 
CDX2) similar to those found in specialized intestinal metaplasia, abnormali-
ties that may predispose to cancer development [15, 19]. Clinical evidence that car-
diac mucosa may have by itself an increased risk of malignancy was found by 
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Takubo. Of 141 patients with minute (mucosal) Barrett’s Epithelium, more than 
70% of primary small adenocarcinomas (<2 cm) of the esophagus were adjacent to 
cardiac/fundic-type rather than intestinal-type mucosa. Moreover, intestinal meta-
plasia was not observed in any areas of the endoscopic mucosal resection specimens 
in 64 (56.6%) of the 113 cases [46]. Not all studies have confirmed this [24]. 

 Development of Treatment of Barrett’s Esophagus

In the 1950s the only treatment for Barrett’s ulcers and strictures refractory to dila-
tion was esophagectomy. Columnar lined epithelium per se needed no treatment. 
Recognition that Barrett’s was an acquired condition and not congenital led to the 
concept that it might be prevented or at least treated by methods other than 
resection. 

As acid-suppressive medications became more common, the severe ulcers and 
strictures requiring resection seen in the 1950s became less common, and are rarely 
seen today. 

As recognition of the malignant potential of Barrett’s esophagus increased and as 
flexible endoscopy became more widespread, surveillance programs were devel-
oped including the Seattle Protocol. 

The question then emerged regarding when dysplastic Barrett’s merited esoph-
agectomy as opposed to continued surveillance. Findings on esophagectomy 
specimens performed for HGD demonstrated invasive adenocarcinoma in 50% of 
cases, and surgeons argued that esophagectomy was the appropriate treatment for 
HGD [26]. 

If Barrett’s esophagus and subsequent dysplasia resulted from damaged squa-
mous epithelium exposed to uncontrolled exposure to gastric contents, then it 
was not illogical to think that re-injury to the Barrett’s esophagus in the setting 
of controlled exposure to gastric contents (typically PPI therapy) might allow the 
esophagus to heal with more normal, neo-squamous epithelium with elimination 
of or prevention of dysplasia. In the early 1990s, endoscopic laser therapy was 
the first energy source to be reported effective in ablating Barrett’s esophagus [7, 
34]. Sampliner reported ablation of Barrett’s and subsequent healing with normal 
squamous epithelium using multipolar electrical cautery in 1996 [33]. 

The use of laser or multipolar cautery was tedious as it applied pin-point 
energy to a broad area. The earliest broad-based energy source employed visible 
light to a broad area of Barrett’s esophagus that had been subjected to a cytotoxic 
photosensitizing agent. These cytotoxic photosensitizers such as porfimer sodium 
were selectively retained by neoplastic tissue, enabling somewhat selective kill-
ing of neoplastic cells. However, the photosensitizing agents remained in the skin 
for extended periods (up to a month with porfimer), making patients sensitive to 
ambient sunlight or even strong indoor light. Additionally, depth of injury was 
not predictable, and strictures occurred in up to 30% of patients so treated [27]. 
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Ablation of defined yet broad areas of Barrett’s became facile with endoscopi-
cally guided catheters consisting of evenly spaced radial electrodes that delivered 
radiofrequency energy along the length of the electrodes (up to 3 cm). Barrx RFA 
provided a controlled depth of burn, with a stricture rate of 8% or less. Multiple 
studies have demonstrated its efficacy in treating high-grade dysplasia, low-grade 
dysplasia, and even non-dysplastic Barrett’s [37]. 

The development of techniques to resect larger areas of esophageal mucosa 
(endoscopic mucosal resection, EMR) has enabled both tissue diagnosis and 
the ability to remove nodular lesions not amenable to ablation techniques. A com-
bination of EMR and ablation can provide the most comprehensive method to deal 
with Barrett’s esophagus, and both techniques will be discussed in another 
chapter. 

 Summary

One cannot appreciate the history of Barrett’s esophagus without some understand-
ing of histology. Current controversies regarding the diagnosis and management of 
Barrett’s, and regarding the malignant potential of reflux-induced injury to the 
esophagus, become more clear with a historical perspective. 

The history of Barrett’s esophagus has propelled us from a belief that colum-
nar lined epithelium around certain ulcers was congenital, anatomically stomach, 
and of gastric cell type, to a knowledge that it is acquired, anatomically esopha-
gus, and comprised of metaplastic esophageal epithelium. Cardiac epithelium 
was considered to be a normal, protective barrier; now it is being recognized as 
abnormal and likely having malignant potential. Early researchers defined 
columnar lined esophagus as the end of squamous epithelium and ignored when 
it ended; current research is focused on when metaplastic changes start distally 
at the junction with gastric oxyntic mucosa. We have probably gone backward in 
other ways: Early anatomic descriptions wherein all layers of the esophagus 
were analyzed to determine the GEJ have given way to less precise, unreliable 
endoscopic finding based on mucosal folds. We have also probably gone back-
ward in basing our current understanding and tenets about a “normal squamoco-
lumnar junction” and its potential to be considered Barrett’s esophagus not upon 
routine scientific studies, but upon society recommendations that certain areas 
not be routinely studied. 

Looking ahead, the concept, championed by Chandrasoma and others, that car-
diac mucosa is due to reflux injury, is metaplastic, and predisposes to cancer seems 
to be gaining acceptance and will likely change the definition  of Barrett’s once 
again. The search for molecular markers will hopefully supplant the stalwart goblet 
cell as the defining characteristic of this entity which still bears Norman Barrett’s 
name (Figs. 25.2, 25.3, 25.4, and 25.5). 
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Fig. 25.2 Norman Barrett 
in 1958, age about 55 [20]

Fig. 25.3 Oxyntocardiac 
mucosa
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 Epidemiology of Barrett’s Esophagus

 Introduction

Barrett’s esophagus (BE) is a condition in which the normal stratified squamous 
epithelium of the distal esophagus is replaced by simple columnar epithelium that 
more closely resembles the lining of the small intestine. It arises as a consequence 
of repeated tissue injury in the distal esophagus, most commonly due to gastro-
esophageal reflux (GERD). BE is known to be a precursor lesion to the development 
of esophageal adenocarcinoma (EAC); however, optimal strategies for diagnosis 
and management are debated. BE is most commonly detected during upper endos-
copy, where it appears as patches or tongues of salmon-colored mucosa rising into 
the tubular esophagus. Biopsies are necessary to confirm the diagnosis. As of 2016, 
the American College of Gastroenterology recommends that a diagnosis of BE 
should only be made if biopsies demonstrate specialized intestinal metaplasia (IM) 
with goblet cells [41], as this finding predicts a higher risk of malignant transforma-
tion. In contrast, the British Society of Gastroenterology recommends that IM 
should not be a prerequisite for diagnosis, but should be accounted for when making 
management and surveillance decisions [17].

 Regional Prevalence

The estimated prevalence of BE among patients reporting symptomatic reflux or 
dyspepsia in the United States ranges from 6% to 20% [12, 48]. Interestingly, 
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reported prevalence estimates among asymptomatic patients undergoing upper 
endoscopy in the United States are similar [19, 22, 48]. The majority of BE cases – 
from 6% to 17%  – are so-called short-segment Barrett’s esophagus (SSBE), in 
which the tongues of salmon-colored mucosa seen on endoscopy extend less than 
3 cm into the esophagus. The minority – from 1.6% to 7% – are lesions that extend 
3 cm or longer into the esophagus and are called long-segment Barrett’s esophagus 
(LSBE). However, even in asymptomatic subjects, endoscopy-based studies may 
overestimate the true population prevalence. Autopsy data from the general popula-
tion suggests that the prevalence of true BE is much lower, as only 11% of people 
had intestinal metaplasia found at the GE junction and only about 1% had BE found 
in the tubular esophagus [32].

In general, international prevalence estimates for BE are lower than in the United 
States. BE has been reported in only 1.6% of the general population in Sweden [38]. 
However, it was suggested that different thresholds for endoscopic suspicion of BE 
may account for some of this difference [37]. The reported prevalence of BE in most 
Asian countries is also lower than in the United States, estimated from 0.06% to 6% 
[9, 31]. Cultural and lifestyle factors may determine some of this difference. In 
addition, many Asian studies do not utilize the standard four-quadrant biopsy 
approach that is used in the United States, and a resulting decrease in sensitivity for 
detecting BE may also affect prevalence estimates. Notably, the reported prevalence 
rates of BE in Japan are often higher than other Asian countries (up to 19.9%). In 
Japan, many studies use the lower-esophageal palisade vessels as a landmark to 
identify the GEJ, despite demonstrated poor interobserver reliability [1]. When 
compared with the more widely accepted practice of using the longitudinal gastric 
folds to identify the GEJ, this difference in approach may explain some of the higher 
prevalence observed in Japanese studies [9].

 Demographic and Clinical Risk Factors

BE is commonly considered to be a condition of older, Caucasian men. The inci-
dence of BE rises with age, with the rate of new cases significantly increasing over 
the age of 50 [16]. Studies estimate that men have a 1.5–2-fold increased risk of 
developing Barrett’s esophagus when compared to women [16, 48]. Men are also 
almost four times more likely than women to develop LSBE, which is likely related 
to a higher rate of severe reflux esophagitis in men [16, 18]. In a large study of over 
20,000 patients presenting for endoscopy, Barrett’s esophagus was also found more 
commonly in white Caucasian patients than in patients of either South Asian or 
Afro-Caribbean descent [18].

Obesity in the form of a larger waist circumference has been associated with 
an increased risk of developing BE. Reflux esophagitis is thought to play a role 
in these patients, as increased central adiposity has been correlated with more 
frequent reflux. Importantly, however, the association between larger waist 
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circumference and BE remains significant after controlling for BMI and reflux 
symptoms, suggesting that other mechanisms may also play a role [14, 30]. Most 
traditional epidemiologic studies have failed to find a significant link between 
BMI and BE. This may be because a high BMI alone does not imply central 
obesity. Nevertheless, most clinicians will counsel their overweight patients 
with BE to lose weight. The presence of overt reflux symptoms is also a strong 
predictive factor. Subjects with symptomatic reflux were over ten times as likely 
to have BE compared with asymptomatic controls in a large Swedish case-con-
trol study [29].

Cigarette smoking has been associated with a multitude of malignant and 
premalignant conditions, and BE is no exception. A large meta-analysis, includ-
ing 39 studies and over 7000 patients with BE, found that a history of ever smok-
ing was associated with an over 40% increased risk of developing BE when 
compared to population-based controls. The association was weaker but still 
present when comparing BE cases with GERD controls [3]. Smoking intensity 
and duration are important, as there is a positive dose-dependent relationship 
between pack-years smoked and risk of BE, with the increase in risk for heavy 
smokers appearing to plateau after 20 pack-years. There also appears to be a 
synergistic effect between smoking and symptomatic reflux, as this combination 
of risk factors appears to account for almost 40% of the BE burden in these 
patients [13].

The majority of newly diagnosed cases of BE and associated esophageal can-
cer are sporadic. However, multiple familial case clusters have been reported in 
the literature raising suspicion for the presence of genetic susceptibility gene(s) 
in addition to shared environmental risk factors. In a modest-sized case-control 
study, after adjusting for age, sex, and a history of obesity, a positive family his-
tory was found to be an independent risk factor for BE, EAC, and EGJ adenocar-
cinoma [6]. Another large retrospective study that investigated the family 
histories of over 400 probands with BE or esophageal adenocarcinoma found 
evidence to suggest a genetic predisposition to the development of BE in 7% of 
cases [7].

 Epidemiology of Esophageal Cancer

 Introduction

Primary esophageal cancers include esophageal adenocarcinoma (EAC) and esoph-
ageal squamous cell (ESCC). Taken together, esophageal cancers represent the 8th 
most common type of cancer diagnosed worldwide, with over 450,000 new cases 
estimated annually. Esophageal cancer is also the 6th most common cause of cancer 
death. Approximately 400,000 deaths are attributed to esophageal cancer each year, 
accounting for nearly 5% of worldwide cancer mortality [20].
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 Regional Prevalence

The majority of esophageal cancer cases worldwide – about 80% – occur in less 
developed regions, with the highest rates found in Asia and Eastern Africa (see 
Fig. 26.1). Not surprisingly, mortality rates from esophageal cancer are also highest 
in these areas [2]. Esophageal cancer is relatively less prevalent in the United States, 
but still poses a significant burden. The American Cancer Society estimates that 
almost 17,000 new cases of esophageal cancer will be diagnosed in the United States 
in 2016 and that esophageal cancer will be responsible for almost 16,000 deaths [2].

Source: GLOBOCAN 2012 (IARC)

Source: GLOBOCAN 2012 (IARC)
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Fig. 26.1 World Health Organization maps showing the estimated worldwide incidence (above), 
and prevalence (below), of esophageal cancer, as of 2012
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Most esophageal cancer diagnosed worldwide is ESCC, although the relative 
prevalence of ESCC and EAC varies by region [44]. ESCC is the most common 
form of esophageal cancer found in developing countries in Asia and the Middle 
East, including within the so-called esophageal cancer “belt” that extends from 
north-central China to parts of Iran. In contrast, the prevalence of EAC has risen 
steadily in many Western countries, and EAC is now the most common type of 
esophageal cancer seen in North America, Australia, and Europe.

 Clinical Presentation

Early esophageal cancer is generally asymptomatic which makes early detection 
difficult. Dysphagia is the primary presenting symptom in over 70% of patients, and 
just over half will report weight loss as well [15]. Odynophagia and reflux may also 
be presenting symptoms but are less commonly reported. Laboratory evaluation 
may reveal anemia from slow but chronic blood loss at the tumor site. Specific find-
ings on physical exam are uncommon but may include pleural effusion, lymphade-
nopathy, or dyspnea in cases of advanced disease.

Prognosis for patients with esophageal cancer depends primarily on stage at 
diagnosis. As of 2016, the American Cancer Society reports that 5-year survival for 
localized esophageal cancer  – meaning no lymph node involvement or distant 
metastases – can be as high as 40% [2]. Long-term survival in these cases hinges on 
complete surgical resection. The 5-year survival rate for patients presenting with 
lymph node involvement drops quickly to 20%, and esophageal cancer with distant 
metastasis has the worst prognosis with a 5-year survival of less than 5%. Prognosis 
is generally similar between the two types of esophageal cancer, but there is some 
evidence that esophageal adenocarcinoma may respond more favorably to certain 
treatments [10].

 Esophageal Adenocarcinoma

 Demographic and Clinical Risk Factors
Barrett’s esophagus is the single most important known risk factor for the develop-
ment of EAC. A nationwide, population-based cohort study in Denmark found that 
patients with BE were 11 times more likely to develop EAC when compared to the 
general population. This translated to a 0.12% annual risk [24]. A large meta- 
analysis looking at 51 studies from the United States, Europe, and Australia found 
that the incidence of developing esophageal adenocarcinoma in patients with 
Barrett’s esophagus was 6.3 per 1000 person-years, corresponding to an annual risk 
of 0.6%. This risk rose even further to 1% annually in the subgroup of patients who 
had BE with histological evidence of high-grade dysplasia [43].

Among patients with known BE, male gender confers a three-times increased 
risk of developing EAC. The risk of EAC also increases steadily with age. Patients 
with BE over the age of 70 are at more than threefold increased risk of developing 
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EAC compared to BE patients under age 50 and greater than 20-fold increased risk 
as compared to the general population [24]. Obesity is also a risk factor for 
EAC. Pooled data from 12 epidemiologic studies representing nearly 2000 cases of 
esophageal adenocarcinoma found a positive linear relationship between increasing 
BMI and risk of cancer [23]. Another study looking at genetic determinants of obe-
sity estimates a 16% increased risk of EAC for each 1 kg/m2 increase in BMI [45].

Certain lifestyle habits are also thought to pose an increased risk of EAC. There 
is strong evidence that cigarette smoking raises EAC risk in a dose-dependent rela-
tionship. A meta-analysis of over 30 studies showed that the relative risk of develop-
ing EAC or esophagogastric junction (EGJ) adenocarcinoma was increased 2.32 
times overall for current smokers when compared to never smokers and the highest 
risks were seen in subjects who smoked over 2 packs per day or who had smoked 
for greater than 40 years. Interestingly, the risk was found to be lower but still sig-
nificantly elevated in former smokers (RR 1.62), suggesting that any amount of 
cigarette exposure may have negative implications [46]. Alcohol, on the other hand, 
does not appear to increase risk of EAC. A nationwide, case-control study of esoph-
ageal cancer from Australia failed to observe any significant association between 
drinking alcohol and the risk of developing EAC [33]. With regard to diet, a 2013 
meta-analysis, which included studies from both the United States and abroad, 
found a slightly higher risk of EAC in subjects who reported an increased consump-
tion of red and processed meat [11].

 Esophageal Squamous Cell Carcinoma

 Demographic and Clinical Risk Factors
Risk factors for ESCC include some of the known EAC risk factors, as well as oth-
ers that are unique to the squamous cell subtype (see Table 26.1). Patients with 
ESCC commonly have a history of tobacco and alcohol use. Regular tobacco 
smoking has been associated with a greater than threefold increased risk of devel-
oping ESCC compared with never use, and the risk of ESCC appears to increase 
with the number of cigarettes smoked per day and the use of unfiltered tobacco, 
such as pipe smoking [40]. Exposure to secondhand smoke alone also appears to 

Table 26.1 Risk factors for esophageal cancer

Esophageal adenocarcinoma Esophageal squamous cell carcinoma
Barrett’s esophagus Smoking tobacco
Gastroesophageal reflux Alcohol
Obesity High consumption of hot beverages
Smoking tobacco Red and processed meats
Red and processed meats Thoracic radiation
Family history Family history

Caustic injury
Achalasia
Human papillomavirus
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pose some increased risk of ESCC [36]. Similar to tobacco, regular alcohol use 
raises the risk of ESCC in a dose-dependent manner. In a large meta-analysis of 
over 50 studies, moderate-to-heavy drinkers (> 12.5 grams of alcohol/day) were at 
least twice as likely to develop ESCC as nondrinkers [25], and this risk appears to 
increase with increased consumption [28, 33]. Smoking and drinking simultane-
ously appears to have a synergistic effect as the highest rates of ESCC are seen in 
these patients [33, 34].

Certain dietary habits are also thought to raise the risk of ESCC. A meta-analysis 
of over 20 studies looking at diet found that patients who reported a greater con-
sumption of hot beverages were over twice as likely to develop ESCC, even after 
controlling for alcohol and tobacco use [4]. Repetitive, low-grade thermal injury to 
the esophageal lining may explain this association. Increased consumption of so- 
called pro-inflammatory foods, such as red and processed meats, is also thought to 
be a risk factor [35, 42]. In contrast, increased consumption of foods, such as olive 
oil, fish, whole grains, fruits, and vegetables, may be protective [27].

Prior medical history is also important in determining a patient’s risk of ESCC. A 
preexisting diagnosis of achalasia is reported to raise the risk of ESCC by more than 
16-fold, according to a large population-based study from Sweden; however, the 
mechanism behind this association is not known [39]. Patients with a history of 
thoracic radiation following mastectomy are also at increased risk, as their chances 
of developing ESCC are more than double of those without a history of thoracic 
radiation, starting just 5 years after radiation exposure [49]. ESCC is most common 
in the upper and middle thirds of the esophagus in these patients. There does not 
appear to be any increased risk of EAC in this population, perhaps because the 
lower esophagus is spared from radiation exposure. Caustic ingestion injury to the 
esophagus may also predispose to esophageal cancer, as reports estimate that it is a 
risk factor in 1–4% of all cases of esophageal carcinoma [5, 26]. The large majority 
of these are ESCC arising in the mid-esophagus, and the time between ingestion and 
presentation with cancer ranges considerably from 10 to 70 years. It is thus impor-
tant to inquire about accidental ingestions during childhood, even in adult patients.

Given the well-known association between the human papillomavirus (HPV) 
and squamous cell cancers of the oropharynx, there has been much speculation 
about a link between HPV infection and esophageal cancer. Currently, the available 
evidence supports an association between HPV subtypes 16 and 18 and ESCC [47]. 
However, it remains unclear as to whether the presence of HPV in ESCC tumor cells 
has implications for prognosis or treatment [21]. This is an area of ongoing research 
that is sure to yield new insights in the near future.

While environmental and medical risk factors appear to be most important in the 
development of ESCC, there is likely some genetic component as well. For instance, 
light alcohol consumption (0–12.5 gms/day) has been associated with ESCC mainly 
in Asian studies. This suggests a lower threshold for ESCC development driven by 
genetic susceptibility in certain Asian populations [25]. The results from one 
Chinese case-control study appear to support this notion, as the authors report a 
twofold increased risk of developing ESCC for subjects with a family history of 
ESCC in a first-degree relative [8].
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27Diagnosis and Surveillance  
of Barrett’s Esophagus

Oliver A. Varban

 Introduction

Norman Barrett (1903–1979), a pioneering British thoracic surgeon, is widely  
recognized for his contributions to understanding gastroesophageal reflux and for 
describing the abnormal presence of columnar-lined esophagus in the presence of 
esophagitis [1]. Although coined Barrett’s esophagus (BE), Barrett did not claim to 
be the first to describe the esophageal pathology and believed initially that the stom-
ach was being drawn up by contractions of the esophagus rather than herniating 
through the hiatus. Later, he corrected his observations and recognized the impor-
tance of the sliding hiatus hernia and its effect on esophagitis [2]. He also made the 
original observation that the severity of the symptoms, such as pain, was not always 
proportional to the extent of esophageal inflammation [3].

Today, Barrett’s esophagus is considered the most important risk factor for devel-
oping esophageal adenocarcinoma (EA), which has increased in incidence since the 
1970s [4, 5]. The rationale for screening and surveillance of BE is to improve sur-
vival of EA through early detection of cancer. Guidelines on management are based 
on making an accurate histopathologic diagnosis of BE, which is obtained by per-
forming a biopsy of the distal esophagus endoscopically. The relative risk of cancer 
is dependent on the histopathologic tissue types identified (i.e., nondysplastic vs 
low- or high-grade dysplasia) as well as the length of the segment of BE noted endo-
scopically. It is important to recognize that endoscopic surveillance has the potential 
for sampling error and the distribution of dysplasia and cancer can be highly vari-
able. Moreover, surveillance programs can be expensive and time consuming. 
Understanding risk factors for BE, progression to EA, diagnostic criteria, and 
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histopathology is important in order to optimize resource utilization for screening 
and surveillance.

 Risk Factors

Barrett’s esophagus has been identified in approximately 1–2% of the population 
and in 15% of patients with chronic gastroesophageal reflux disease (GERD) [6–8]. 
Patients with GERD symptoms present for greater than 5 years have a higher likeli-
hood of having BE (odds ratio (OR) 3.0, 95% confidence interval (CI) 1.2–8.0), and 
the likelihood increases with symptoms that are present for greater than 10 years 
(OR 6.4, 95% CI 2.4–17/1) [9]. Likewise, patients with early onset of GERD symp-
toms (i.e., weekly symptoms before the age of 30 years) have a higher likelihood of 
BE when compared to those that did not (OR 31.4, 95% CI 13.0–75.8) [9]. Presence 
of a hiatal hernia can also increase the risk of BE (OR 3.94, 95% CI 3.02–5.13) [10]. 
Male gender has been identified as a risk factor for BE, and a meta-analysis demon-
strated that the overall pooled male/female ratio among patients with BE was 1.96:1 
(95% confidence interval (CI) 1.77, 2.17/1) [11]. Compared to Caucasians, African 
Americans have a lower likelihood of BE (OR 0.34, 95% CI 0.12–0.97), indicating 
that Caucasian race is also a strong risk factor for BE [12]. Central obesity can con-
tribute to an increased risk for BE when compared with patients with a normal body 
habitus (OR 2.0, CI 1.5–2.6), and this relationship persists after adjusting for BMI 
and GERD and is also consistent in both men and women [13, 14]. BE is more com-
mon in first- or second-degree relatives of patients with BE when compared to con-
trols (24% vs 5% p < 0.005), and the association remains strong after adjusting for 
age, gender, and body mass index (OR 12, 95% CI 3.3–44.8) [15]. Although smok-
ing is associated with a greater risk for BE compared with non-smokers (OR 1.44, 
95% CI 1.20–1.74), alcohol use has not been demonstrated to be a significant risk 
factor for BE [16, 17]. Risk factors for BE have been summarized in Table 27.1.

Risk factors associated with the presence of dysplasia or EA in patients with BE 
include older age and length of BE segment. There is a reported 3.3% increase in 
dysplasia per year in patients diagnosed with BE [18]. Furthermore, in patients with 
a BE segment length of over 3 cm, there is a 14% risk of dysplasia for each addi-
tional centimeter of BE present. Other risk factors for developing neoplasia in the 

Table 27.1 Risk factors for 
Barrett’s esophagus

1. GERD
2. Age
3. Hiatal hernia
4. Male gender
5. Caucasian race
6.  Family history of BE (first- or second-degree 

relatives)
7. Smoking

GERD gastroesophageal reflux disease, BE Barrett’s 
esophagus
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presence of BE include central obesity and tobacco usage. It is important to note 
that there are certain medications that have been associated with reducing the risk of 
progression of BE to dysplasia including proton-pump inhibitors (PPIs), aspirin, 
nonsteroidal anti-inflammatory agents, and statins [19–21].

 Diagnosis

Barrett’s esophagus is diagnosed by identifying the presence of columnar-lined 
intestinal metaplasia (IM) in the distal esophagus, which is normally lined by strati-
fied squamous epithelium (Fig.  27.1). The diagnosis is achieved by performing 
upper endoscopy and obtaining biopsies of salmon-colored mucosa that extends 
greater than 1 cm proximal to the gastroesophageal junction (GEJ). In patients with 
long segments (>2 cm) of suspected BE, eight random biopsies should be obtained. 

Fig. 27.1 (a) Endoscopic view of the gastroesophageal junction with a normal Z-line (squamoco-
lumnar junction). (b) Endoscopic view of the gastroesophageal junction with Barrett’s esophagus

Esophagus

Lower esophageal
sphincter

Stomach

Scope view

Squamocolumnar
junction

A

B

B
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In patients with short segments (1–2 cm) of suspected BE, eight biopsies may not 
be possible, and so at least four biopsies per centimeter of circumferential BE and 
one biopsy per centimeter in tongues of BE should be obtained [18]. The location of 
the diaphragmatic hiatus, GEJ, and squamocolumnar junction (Z-line) should be 
reported by the endoscopist. In the presence of BE, the endoscopist should also 
describe the extent of metaplastic change using the Prague classification (Fig. 27.2) 
[22]. Assessment of the extent of BE on endoscopy is clinically important because 
more extensive disease is associated with a higher risk of dysplasia and EA.

High-definition, high-resolution white light endoscopy is the most common 
modality used for diagnosis. Alternatively, transnasal endoscopy is considered as an 
alternative to conventional upper endoscopy for BE screening [23, 24]. A wide vari-
ety of image enhancement techniques have been studied, such as methylene blue 
staining, acetic acid staining, indigo carmine staining, autofluorescence endoscopy, 

Scope view

A

B
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esophageal

sphincter

Barrett’s
esophagus

b

Fig. 27.1 (continued)
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confocal laser endomicroscopy, volumetric laser endomicroscopy, spectroscopy, 
and molecular imaging. However, none of these methods have been determined to 
be superior. Electronic chromoendoscopy with either narrow-band imaging (NBI) 
or post-processing software systems allows for detailed imaging of the mucosal and 
vascular surface patterns in BE without the need for dye. When compared to high- 
definition white light endoscopy, NBI demonstrated no difference in the number of 
patients detected with dysplasia or neoplasia; however, fewer biopsies were required 
for NBI [25]. A meta-analysis evaluating the utility of electronic chromoendoscopy 
also suggested that this technology may increase the detection of dysplasia [26].

 Histopathology

Barrett’s esophagus is defined by the presence of intestinal metaplasia within visible 
columnar epithelium within the esophagus. Intestinal metaplasia refers to the trans-
formation of squamous epithelium into columnar-lined epithelium consisting of 
goblet cells, which are recognized by a large cytoplasmic vacuole filled with blue- 
tinted mucin [27]. Alcian blue staining should be applied when there is doubt about 
the nature of goblet-shaped cells. Distended gastric foveolar cells may appear to be 
goblet cells (“pseudogoblet” cells), but they do not contain acid mucin and are 
therefore Alcian blue negative [28]. Additionally, IM identified below the GEJ 
should not be diagnosed as BE, since the changes are often secondary to Helicobacter 
pylori infection and its significance as a risk factor for EA is not well established 
[29]. Thus, it is important to obtain biopsies of BE that extends proximally 1 cm or 
greater from the GEJ and not in the presence of a normal Z-line or a Z-line with less 
than 1 cm of variability [18].

8

6

Maximal extent of metaplasia:
M = 5.0 cm

Circumferential extent of metaplasia:
C = 2.0 cm

True position of GEJ:
Origin = 0.0 cm

4

2

0

Distance
(cm) from

GEJ

Fig. 27.2 Illustration of the Prague classification for Barrett’s esophagus. (Adapted from Sharma 
et al. [22]). C, extent of circumferential metaplasia; M, maximal extent of metaplasia including the 
gastroesophageal junction (GEJ). The area of Barrett’s esophagus is classified as C2M5

27 Diagnosis and Surveillance of Barrett’s Esophagus



344

Neoplastic progression of BE is initiated by gastroesophageal reflux resulting in 
esophagitis, which in turn causes a subset of patients with IM to develop dysplasia, 
a precursor to EA. Histologically confirmed dysplasia is associated with a signifi-
cant increased risk of EA; thus, understanding the degree of dysplasia is of clinical 
importance. During carcinogenesis, there is a spectrum of morphologic changes that 
are subdivided into four clinically significant groups: negative for dysplasia, low- 
grade dysplasia, high-grade dysplasia, and adenocarcinoma. These groups can be 
differentiated based on cytology, architecture, and degree of surface maturation 
among cells. Cytologic evaluation involves describing nuclear and cytoplasmic fea-
tures such as size of nuclei, nuclear polarity, mitotic activity, and pleomorphism. 
Loss of nuclear polarity is an important feature that distinguishes high-grade dys-
plasia from low-grade dysplasia. It is evident when the nucleus is tilted, rounded, or 
horizontal to the basement membrane. Cellular architecture refers to the relation-
ship of glands and lamina propria, which are well-spaced normally and demonstrate 
mild to marked distortion with crowded glands with dysplasia. Finally, normal cells 
demonstrate complete maturation, whereas dysplastic cells demonstrate minimal to 
no maturation. Biopsies with evidence of high-grade dysplasia should be evaluated 
for co-existing EA, which involves invasion into the lamina propria or muscularis 
mucosa. Other signs suggestive of EA include single cells in the lamina propria, 
desmoplasia, cribriform or solid tubular architecture, dilated tubules filled with 
necrotic debris, extensive neutrophilic infiltrate within the epithelium, ulcerated 
high-grade dysplasia, and neoplastic tubules incorporated into the overlying squa-
mous epithelium [30]. Table 27.2 summarizes the histopathology of BE.

Although the presence of dysplasia is an important marker of cancer risk, consid-
erable interobserver variability in the histopathologic interpretation of different 
degrees of dysplasia exists [31]. Current evidence supports confirmation of dyspla-
sia by a second pathologist with extensive experience in BE interpretation [18]. In 
some cases biopsies may be indefinite for dysplasia. In these cases, there is pro-
nounced inflammation or loss of surface epithelium along with cytologic atypia 
characterized by hyperchromasia, overlapping nuclei, irregular nuclear borders, and 
nuclear stratification. In addition, the cellular architecture is normal with some min-
imal gland crowding, and surface maturation is present. Given that the changes 
cannot be definitively described as reactive or neoplastic, repeat endoscopy within 
6 months is recommended [27].

Since grading the degree of dysplasia accurately is important, biomarkers have 
been investigated in order to improve risk stratification of patients with BE. Specific 
immunohistochemical stains such as alpha-methylacyl CoA racemase (AMCAR), 
beta-catenin, cyclin DI, and p53 have shown some promise for differentiating neo-
plastic progression from reactive changes [32, 33]. Biomarkers that detect aneu-
ploidy, increased tetraploidy, and loss of heterozygosity for chromosome 12p 
demonstrate some predictive value for neoplastic progression in patients with no 
dysplasia or low-grade dysplasia on biopsy, but have little utility in patients with 
high-grade dysplasia [34, 35]. Finally biomarker panels, which include detection of 
chromosomal abnormalities or tumor-suppressor gene-methylation patterns, have 
even identified patients with BE who progress to high-grade dysplasia 2  years 
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before histologic changes were detectable [36]. Despite its promise, biomarkers 
have yet to be validated in prospective controlled trials, and routine use is not advo-
cated at this time.

 Screening and Surveillance

Although Barrett’s esophagus is a common condition and considered a precursor to 
esophageal adenocarcinoma, screening of the general population is not recom-
mended by the American College of Gastroenterology [18]. In a meta-analysis 
reviewing the risk of EA and mortality in patients with BE, the data suggests that 
most patients with BE die of causes other than EA, indicating that patients should 
be counseled appropriately with regard to surveillance and therapeutic options [37]. 
Screening may be considered in high-risk patients such as men with chronic and/or 
frequent symptoms of gastroesophageal reflux and two or more risk factors for 
BE. In females, screening is not recommended but may be considered in individual 
cases if multiple risk factors for BE or EA are present [18].

After initial diagnosis of BE, management and surveillance should be performed 
depending on the degree of dysplasia. In patients with suspected BE and a lack of 
IM on histology, a repeat endoscopy should be performed in 1–2 years’ time. For 
patients with BE without dysplasia, endoscopic surveillance should be performed 
every 3–5 years. In patents with BE and indefinite dysplasia, a repeat endoscopy 
should be performed in 3–6  months after the patient has been placed on acid- 
suppressive therapy. Patients with low-grade dysplasia may undergo endoscopic 
therapy or surveillance every 12 months. If endoscopic therapy has been performed, 
surveillance is recommended every 6 months in the first year following complete 
elimination of IM followed by yearly endoscopic surveillance thereafter. Meanwhile, 
patients with high-grade dysplasia should be managed with endoscopic therapy fol-
lowed by endoscopic surveillance every 3 months for the first year following com-
plete elimination of IM, every 6 months in the second year, and yearly thereafter. 
Figure  27.3 summarizes surveillance recommendations. Endoscopic surveillance 
should be performed by obtaining four-quadrant biopsies at 2 cm intervals without 
dysplasia and 1 cm intervals in patients with prior dysplasia [18].

A variety of endoscopic ablative therapies have been reported to eradicate IM in 
patients with BE. Radiofrequency ablation can be performed in the setting of low- 
grade and high-grade dysplasia and is currently the modality of choice [38]. 
Photodynamic therapy can be performed in patients with BE with high-grade dys-
plasia only but has a higher cost and side-effect profile [39]. Endoscopic mucosal 
resection (EMR) is performed when mucosal nodularity or ulcerations are detected. 
If low- or high-grade dysplasia is discovered, ablative therapy can be performed fol-
lowed by surveillance. In the case of EA, lesions confined to the mucosa have a low 
rate of lymphatic involvement, and thus mucosal resection followed by ablative 
therapy to eradicate the remaining BE is considered acceptable treatment [18]. 
Otherwise, esophagectomy is the treatment of choice for candidates with T1a or T1b 
EA with poor differentiation and/or lymphovascular invasion. Antireflux surgery has 

27 Diagnosis and Surveillance of Barrett’s Esophagus



348

demonstrated complete or partial regression of Barrett’s mucosa with dysplasia 
regressing in nearly half of the patients at 5 years [40, 41]. However, the ACG does 
not consider antireflux surgery as an antineoplastic measure and only recommends 
surgery in patients with BE and GERD symptoms who are not well controlled by 
medical therapy [18]. To date, there has been no evidence to demonstrate the effec-
tiveness of BE regression with magnetic sphincter augmentation devices. However, 
such prosthetic devices appear to result in pH normalization, cessation of PPI use, 
and improved quality of life in studies with 5-year follow-up [42].

 Summary

Barrett’s esophagus is a common condition that increases the likelihood for esopha-
geal adenocarcinoma. Routine screening is not recommended for the general public 
but should be considered in patients with known risk factors. High-definition, high- 
resolution white light endoscopy with biopsy remains the gold standard for diagno-
sis, and the degree of dysplasia noted on histology dictates management.
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Abbreviations

HGD High-grade dysplasia
LGD Low-grade dysplasia
PDT Photodynamic therapy
RFA Radiofrequency ablation

 Indications

When Barrett’s esophagus progresses to have abnormal histologic features, this can 
be classified as low-grade or high-grade dysplasia. Although most cases of Barrett’s 
esophagus do not progress to dysplastic changes, when high-grade dysplasia is 
present, these lesions have a significant risk of progression to esophageal adenocar-
cinoma, reported as high as 20% per year [1–3]. Throughout the years, controversy 
has existed as to how to treat Barrett’s esophagus and dysplasia in the setting of 
Barrett’s esophagus. Radiofrequency ablative (RFA) therapy has now become the 
standard of care for high-grade dysplasia as opposed to observation alone, esopha-
gectomy, or photodynamic therapy [1–7]. Ablation in these patients has demon-
strated a high rate of complete eradication of dysplasia and decreased disease 
progression. It is important, however, that the endoscopist recognize and look for 
nodular disease prior to ablation. Any visible raised lesion must be addressed with 
endoscopic mucosal resection (EMR) prior to ablation in order to ensure that the 
ablation reaches the muscularis mucosae. In addition, sampling error can lead to 
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under-staging in raised lesions, and EMR allows for a more accurate diagnosis 
which could lead to a treatment alternative more appropriate than ablation. We rec-
ommend that patients have two endoscopies in high definition with biopsies and 
within 2 months prior to undergoing ablation. Furthermore, it is recommended that 
the biopsies be reviewed by a pathologist specialized in Barrett’s esophagus.

Ablation for patients with low-grade dysplasia as opposed to surveillance alone 
may still be considered controversial which will be discussed in more detail in 
Chap. 31. Suffice it to say, recent randomized controlled data has shown that abla-
tion of low-grade dysplasia results in successful eradication and significantly lower 
progression rates when compared to surveillance alone [8, 9].

 Device Technology

RFA therapy employs the principle of high power energy over a short period of time 
delivered to the superficial tissue of the esophagus. The ablation technique is applied 
by using either balloon-based bipolar radiofrequency electrodes or endoscope- 
mounted articulating bipolar electrodes for focal ablation (Fig. 28.1). The balloon- 
based bipolar radiofrequency electrode has an array of electrodes circumferentially 
along the surface of the balloon. The radiofrequency generator (Barrx FLEX energy 
generator) delivers a standardized amount of energy that is distributed over the sur-
face area of the balloon, which then ablates the superficial tissue without injury to 
the submucosa below.

Endoscope-mounted bipolar electrodes come in different sizes and allow for 
focal ablation (Table 28.1). The electrodes articulate (up, down, left, right) which 
allow for optimal and focal tissue contact. Each of the different sizes fits on the end 
of a standard endoscope (8.6–9.8  mm  diameter scope) and uses the same Barrx 
FLEX generator. The newest addition, the Channel RFA device, is a through-the- 
scope catheter and fits through the working channel of a standard endoscope.

 Surgical Technique

Standard setup and procedure are followed as in routine endoscopy. Monitored 
anesthesia care is preferred but not mandatory. Initially the esophagus is sprayed 
with acetylcysteine 1% and subsequently flushed with water to clean away mucous 
and prepare it for good contact during ablation. If circumferential ablation is to be 
performed, the next step requires sizing the esophageal diameter. A sizing catheter 
is passed over a guidewire inserted endoscopically. This catheter has a small balloon 
(autosizing balloon) at the tip that inflates and, with the energy generator feedback, 
calculates the diameter of the esophagus to insure a good fit for contact without 
excess pressure on the wall during ablation. The sizing balloon is typically placed 
6 cm above the proximal extent of the Barrett’s esophagus and advanced 1 cm based 
on markings on the catheter. Advancement every 1 cm is continued after each size 
is recorded until the catheter is in the stomach. The appropriate treatment balloon 
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catheter is then chosen based on this sizing. The outer diameter of the inflated abla-
tion balloon should be smaller than the narrowest measured esophageal diameter. 
For example, if the smallest esophageal diameter measured is 29 mm, a 28 mm bal-
loon should be chosen. Available balloon sizes are 18, 22, 25, 28, and 31 mm. One 

360°
balloon

Ultra long
focal catheter

90°
focal catheter

60°
focal catheter

Channel
endoscopic

catheter

Fig. 28.1 Depiction of the various catheters used for radiofrequency ablation, including the 
balloon- based bipolar radiofrequency catheter for circumferential ablation as well as the various 
focal articulating bipolar electrodes

Table 28.1 Focal ablation 
catheters

Catheter Size (length × width)
Barrx90 Ultra 40 mm × 13 mm
Barrx90 20.6 mm × 13.2 mm
Barrx60 15 mm × 10 mm
Channel RFA 15.7 mm × 7.5 mm

These catheters fit on the end of a standard endoscope 
(8.6–9.8 mm diameter scope) and are used with the Barrx FLEX 
generator. The newest addition, Channel RFA, fits through the 
working channel of a standard endoscope
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exception would be if a patient underwent prior EMR or ESD. In this case, the next 
smaller-size balloon should be chosen (i.e., 25 mm) in order to lower the risk of 
perforation.

The circumferential treatment balloon has electrodes 3 cm in length and covered 
with closely spaced radiofrequency electrodes as described above. After the sizing 
balloon is removed, the treatment balloon is placed over the guidewire, and the 
endoscope then follows the balloon for direct visualization. Treatment is started 
1  cm proximal to the margin of visualized Barrett’s esophagus. Approximately 
10–12 J of energy is delivered in a circumferential manner to the tissue, and the 
treatment lasts for about 1–2 s. The circumferential balloon treatment is continued 
distally, with only small overlap between treatment areas to minimize regions at risk 
for stricture. Once the entire length of Barrett’s is treated, the endoscope, balloon, 
and wire are removed. The balloon is gently inflated and cleaned outside of the 
patient. A soft cap is then placed on the tip of the endoscope, and the endoscope 
returned to the esophagus. The coagulum of the treated tissue is then gently scraped 
in a proximal to distal direction and the area forcefully rinsed with saline. The 
guidewire is then replaced, the endoscope removed, and the balloon catheter 
replaced over the guidewire. The endoscope is again introduced behind the balloon 
for direct visualization, and a second application of energy is delivered to all of the 
involved tissues in the same manner as the first application.

If focal ablation is performed with a mounted catheter (rather than the channel 
catheter), the electrode should be oriented to the 12 o’clock position on the video 
image. The endoscope and loaded catheter is then passed gently into the esophagus. 
The electrode is placed directly onto the involved mucosa and activated twice at 
12–15 J. After all Barrett’s tissue has been ablated, the electrode is used to push the 
coagulum off and the scope then removed to clean the electrode surface. The endo-
scope is then reinserted and the ablated areas treated again with a double application 
of 12–15 J.

 Postoperative Management

After RFA is completed, maximal acid suppression is important in order to allow for 
the best chance at complete eradication of Barrett’s esophagus. We prescribe either 
Nexium 40 mg twice daily or ask the patient to take a double dose of their proton- 
pump inhibitor twice daily for 2 weeks. In addition, we prescribe ranitidine 300 mg 
at bedtime for 2 weeks. Lastly, we prescribe sucralfate suspension, 1 g, four times 
daily for 2 weeks. After 2 weeks, these medications are discontinued with the excep-
tion of the proton-pump inhibitor.

It is recommended that patients be on a full (or nourishing) liquid diet for the first 
24 h and then advance to a soft and general diet as tolerated. Patients should expect 
some throat and chest discomfort, but most are able to control this pain with liquid 
acetaminophen and/or ibuprofen. A minority of patients will require narcotic elixir.

For patients with high-grade dysplasia, after complete eradication, we recom-
mend follow-up every 3 months for 1 year, every 6 months for the next year, and 
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then yearly. Patients with low-grade dysplasia should be followed every 6 months 
for 1 year, then again after 1 year, and then once every 1–5 years. As follow-up stud-
ies are published and show long-term success, these follow-up periods may become 
more spaced out; however, currently there is not enough data to guide longer follow-
 up periods, and there is still risk of recurrent disease [10]. At these sessions, any 
residual Barrett’s should be ablated. Most patients will require more than one ses-
sion of ablation until there is complete eradication. If there appears to be complete 
eradication, biopsies every 1  cm in all four quadrants of the original length of 
Barrett’s mucosa should be performed. If persistent Barrett’s is noted after three or 
four separate ablations, we recommend that biopsies per the Seattle protocol be 
repeated prior to continuing with ablation in order to confirm that there has been no 
progression.

 Complications

Radiofrequency ablation is very well tolerated. The most common side effect is 
postoperative chest pain. However this pain can often be managed with oral pain 
medications, viscous xylocaine or antacids. Risk of stricture post-RFA is a feared 
complication. Strictures after this treatment has been reported anywhere from 0% to 
8% of cases [1, 5–7, 11]. However even when present, these strictures appear to be 
relatively easy to manage with dilation as compared to strictures that develop after 
photodynamic therapy [12]. Other complications such as bleeding and perforation 
are rare and infrequently reported.

 Outcomes

The most common outcome of interest is eradication of dysplasia and reversion to 
squamous epithelium. Table  28.2 demonstrates various groups’ outcomes after 
treating dysplasia with RFA. A recent meta-analysis reported complete eradication 
of dysplasia in 91% (95% CI, 87–95%) and complete eradication of intestinal meta-
plasia in 78% (95% CI, 70–86%). Furthermore after eradication, intestinal metapla-
sia recurred in only 13% of cases (95% CI, 9–18%) [4].

Table 28.2 Review of published outcomes after radiofrequency ablation for dysplasia

Study Size Dysplasia types
Follow-up 
(months)

Outcome Stricture
CR-D CR-IM

Ganz et al. [5] 142 HGD 12 80.4% 54.3% 1 (0.7%)
Shaheen et al. 
[11]

106 LGD /HGD 
(51%)

24 95% 93% 8 (7.6%)

Velanovich [7] 66 LGD/HGD 
(18%)

12 100% 93% 4 (6.1%)

Sharma et al. [6] 63 LGD/HGD 
(38%)

24 89% 79% 1 (1.6%)
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In comparison to other treatment modalities, RFA has the ability to treat long 
segments of disease with high rates of reversion to squamous epithelium. 
Randomized control trials have demonstrated the superior outcomes of RFA over 
surveillance alone for dysplasia [1, 9]. Although older treatment modalities such as 
multipolar electrocoagulation and argon plasma coagulation can lead to reversion to 
squamous epithelium, unlike RFA, these therapies treat small surface areas at each 
application; thus, treating long segments of disease became both difficult and time- 
consuming via these modalities. Photodynamic therapy (PDT) is a comparable 
therapy to RFA given the ability to treat long segments of disease easily; however, 
this therapy leads to lower rates of reversion. Additionally stricture rates after PDT 
are reported as high as 36% and result in densely fibrotic strictures that are highly 
resistant to dilation [2]. Lastly, RFA therapy has a reduced associated cost as com-
pared to PDT.

Reports for longer follow-up are still required to understand the long-term 
efficacy of RFA treatment, and close surveillance is required to monitor for recurrent 
disease. However with these advances in RFA therapy, we have come a long way 
from morbid operations such as esophagectomy for high-grade dysplasia to rela-
tively low-morbidity techniques which appear to effectively eradicate the disease.

 Conclusions

RFA is a safe and efficacious treatment for high-grade dysplasia in the setting of 
Barrett’s esophagus. This treatment has a low side effect and complication pro-
file and can result in a high incidence of complete eradication of dysplasia and 
intestinal metaplasia.
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for Barrett’s-Related Neoplasia
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 Indication

Barrett’s esophagus is a condition whereby the normal squamous epithelium is 
replaced by specialized intestine like mucosa. This process occurs in response to 
repetitive injury from reflux of gastroduodenal contents. The primary concern of 
this metaplastic process is the low but finite risk of malignant transformation. This 
process is thought to occur through a stepwise mechanism of cumulative genetic 
injury that results in dysplasia and subsequently malignancy [1]. Endoscopic ther-
apy has largely replaced surgery for flat neoplastic disease within Barrett’s esopha-
gus. Radiofrequency ablation has demonstrated excellent efficacy and safety profile 
in multiple studies [2–4]. The primary limitation of mucosal ablative therapies for 
Barrett’s esophagus is the inability to retain histology and provide detailed staging 
information on the neoplastic tissue. Further, lesions that may harbor disease deeper 
in the mucosa or submucosa should not undergo ablation due to the risk of inade-
quate treatment and subsequent risk of lymph node metastasis. This was high-
lighted by several surgical studies for suspected HGD which revealed that lymph 
node metastases were uncommon in patients with HGD or intramucosal carcinoma 
[5, 6]. However, lesions that involved the submucosa harbored lymph node metas-
tasis at a rate of 20–25%. As such, accurate T staging is critical in managing patients 
with early esophageal neoplasia. While endoscopic ultrasound can be helpful, it is 
limited in distinguishing T1a from T1b lesion [7, 8]. Several studies have high-
lighted the importance of identifying such lesions, as ablation over such nodules 
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can result in squamous overgrowth of cancer (Fig. 29.1a, b) or inadequate treatment 
of esophageal cancer. For this reason, such lesions are best treated by endoscopic 
mucosal resection (EMR). EMR has the advantage of providing highly accurate T 
staging and can identify lesions that may require lymph node dissection. In addi-
tion to staging, EMR has been demonstrated to be highly effective for eradicating 
early mucosal adenocarcinoma of the esophagus [9] . One study also demonstrated 
that in 30% of cases, EMR specimens resulted in a change from initial diagnosis 
[10]. It is a useful adjunct to thermal ablative techniques, and the combination of 
both EMR with radiofrequency ablation is exceptionally effective in the manage-
ment of dysplastic Barrett’s esophagus with eradication rates for neoplastic Barrett’s 
>90% [11].

 Technique

Endoscopic resection for nodular Barrett’s begins with appropriate identification of 
nodular disease. This requires a careful and comprehensive evaluation of the involved 
segment of Barrett’s esophagus. This can be challenging due to peristalsis, secretion, 
and the mucous layer in the esophagus. As such, it is recommended to irrigate the 
distal esophagus with N-acetylcysteine to remove the layer of mucous on the surface 
of the esophagus, to better appreciate subtle changes within the mucosa. Optical 
enhancement is helpful, and this can take the form of either chemical chromoendos-
copy (e.g., methylene blue) or optical chromoendoscopy (e.g., NBI). Recently, a 
validated NBI imaging criteria have been developed. These criteria focus on mucosal 
and vascular surface pattern irregularities to help identify areas of neoplastic Barrett’s 
esophagus. Using these criteria, dysplastic areas can be assessed with 85% accuracy 
[12]. Once these areas have been identified, it is frequently helpful to apply cautery 
markings around the periphery of the lesion in order to ensure complete resection. 
This can be done with the tip of the snare using coagulation settings.

a b

Fig. 29.1 (a) Squamous overgrowth. Endoscopic appearance of partial squamous overgrowth. (b) 
After endoscopic mucosal resection, histology reveals stratified squamous esophageal mucosa 
overlying deeper dysplastic glands
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All endoscopic mucosal resection techniques involve the process of capturing 
mucosal tissue into a pseudopolyp configuration and subsequently using a standard 
snare to remove the pseudopolyp. The goal is to trap mucosal and some submucosal 
tissue while leaving the muscularis propria intact. The two primary techniques are 
referred to as band-assisted EMR and cap-assisted EMR. Both have demonstrated 
equal efficacy and safety. Cap-assisted EMR has the advantage of capturing slightly 
larger circumference of tissue, whereas band-assisted EMR has the advantage of 
easily developing multiple pseudopolyps for resection.

 Cap-Assisted Endoscopic Mucosal Resection EMR

Cap EMR kits are commercially available from Olympus™ (Center Valley, PA). 
They consist of a translucent cap that fits on a standard gastroscope. The cap 
accommodates a snare which fits within a small groove within the distal end of 
the cap. Once the lesion of interest is targeted, a small submucosal injection is 
performed to slightly raise the lesion. The lesion is then targeted within the cap 
and suction is applied to bring the lesion into the cap. Once an adequate amount 
of tissue is captured within the cap, the assistant gently closes the snare (Fig. 29.2), 
and the pseudopolyp is carefully examined. Gentle shaking of the snare can help 
determine if muscle is trapped within the pseudopolyp. At this point, the pseudo-
polyp is resected using electrocautery. Either primary coagulation or a blended 
cutting current can be used. The base of the resection is carefully examined to 
assess for perforation. It is frequently helpful to use blue dye (indigo carmine or 
methylene blue) in the submucosal injection. This can help determine whether a 
deep resection has been performed. If the resection base is stained uniformly 
blue, then it is clear that only mucosa and submucosa has been resected. If there 
are areas of white or yellow surrounded by blue submucosa, this can indicate a 
deeper resection (e.g., target sign), and care should be made to assess for a 
perforation.

Fig. 29.2 Cap-assisted EMR. After submucosal injection, the cap is centered around the lesion of 
interest. It is suctioned into the cap and a snare is used to capture the lesion
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Subsequently, the specimen should be retrieved, and additional resections can be 
performed if desired. It is important to note that the provided snare in some of the 
commercial cap EMR kits are single use, and additional resections may require a 
separate snare.

 Band-Assisted EMR

Band-assisted EMR has largely replaced cap-assisted EMR as the primary EMR 
technique. There are two commercially available band-assisted EMR devices: the 
Duette© kit from Cook Medical (Bloomington, IN) and the Captivator© device from 
Boston Scientific (Marlborough, MA). Both devices function in a similar manner. 
Band-assisted EMR kits have a very similar installation to standard variceal band-
ing kits. They consist of six rubber bands attached to a translucent cap. The rubber 
bands contain a tripwire/string that is passed through the working channel and con-
nected to a knob at the insertion of the working channel. Similar to variceal band 
ligation, each band can be deployed by turning the knob at the working channel 
insertion.

The technique of band-assisted EMR is similar to cap EMR. The lesion of inter-
est is targeted using the cap. Unlike cap-assisted EMR, submucosal injection is not 
required. Once the lesion of interest is targeted, it is centered within the cap and 
suction is applied. It is important to ensure the entire lesion is suctioned into the cap. 
The band is then deployed, thus creating a pseudopolyp. At this point, a snare is 
advanced through the working channel and positioned around the polyp. The snare 
can be placed either above or below the band; however, a slightly larger area will be 
obtained by placing the snare below the band (Fig. 29.3). Again, standard cautery 
(either coagulation or blended cut settings) is utilized, and the lesion is removed. 
Additional areas can then be resected to ensure wide margin resection. Further, a 
broader resection can be performed by deploying a second band adjacent to a resec-
tion base, thus creating a large resection area. Areas that do not adequately lift into 
the resection cap or appear ulcerated are indicative of extensive submucosal fibrosis 
or a lesion with infiltration into the muscular area. These lesions should not be 
treated with EMR and may require surgical resection.

 Postoperative Management

Postoperative management of patients after endoscopic mucosal resection includes 
control of symptoms and prevention of complications. The most common symp-
tom to be encountered is chest pain. This is a result of the iatrogenic ulcer that is 
created from the resection base. This is typically self-limited. We place all patients 
on a liquid diet for 24 h, followed by a soft diet for 1 week. Acid suppression is 
critical, with all patients placed on double-dose, proton-pump inhibitors. Sucralfate 
suspension is given for 1 week, and acetaminophen with codeine as an elixir is 
given on an as-needed basis for pain. As with all luminal resection, nonsteroidal 
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anti-inflammatory medications are avoided. We typically hold antiplatelet agents 
for 48 h after resection before carefully resuming.

Patients will require follow-up endoscopy in 2 months. At this point, additional 
endoscopic mucosal resection can be performed. If there are no areas of nodular 
disease, ablative techniques can be utilized.

 Postoperative Complications

Endoscopic mucosal resection techniques have demonstrated relative safety. Major 
complications remain uncommon. Complications can be either early or late. The 
most common early complications are bleeding and perforation. A recent pooled 
systematic review noted the risk of bleeding to be 1.1% and perforation rates of 
0.2% [11]. Immediate bleeding is the result of injury to penetrating submucosal ves-
sels. This can be easily treated by centering the bleeding lesion with the cap and 
utilizing hemostatic forceps to coagulate the bleeding vessel. This is preferred over 
other thermal therapies that require coaptation of the vessel, which could lead to 
deep injury and perforation.

Fig. 29.3 Band-assisted EMR. A nodular lesion is noted in an area of flat Barrett’s esophagus. 
Using the band-assisted device, the lesion is targeted. The lesion is suctioned in the cap and a band 
is deployed. The snare is placed below the band, and the lesion is removed en bloc
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Perforation is a rare but severe complication of EMR. Full-thickness perforation 
of the esophagus can result in mediastinitis, pneumomediastinum, and rapid decom-
pensation. Utilization of carbon dioxide for insufflation can prevent major respira-
tory issues from a perforation. Small perforations, when identified, may be able to 
be closed using hemostatic clips. Occasionally, tissue apposition is not amenable to 
closure using hemostatic clips. In this circumstance, alternatives include over the 
scope clip devices such as the OVESCO clip (OTSC, Carey, NC) or endoscopic 
suturing devices. In the absence of these devices and in the presence of a large per-
foration, a fully covered esophageal stent can be placed.

The most common late complication is the development of stricture. This has 
been noted in up to 10% of cases. Stricture rates correlate with the extent of resec-
tion, as those patients who undergo >50% circumferential EMR will almost uni-
formly develop esophageal stricture. Most strictures are amenable to endoscopic 
dilation techniques. Studies have demonstrated efficacy and safety of radical EMR 
with extensive mucosal resection; however, the stricture rates approach 50% in this 
patient population.

 Postoperative Outcomes

Endoscopic mucosal resection is ideally utilized to treat visible lesions in the con-
text of Barrett’s neoplasia. As a monotherapy, however, two studies reveal that EMR 
can lead to complete eradication rates for Barrett’s esophagus of 90–97% [13, 14]. 
More commonly, EMR is used as an adjunct in the comprehensive management of 
Barrett’s esophagus, with an ablative technique used for flat Barrett’s esophagus. 
Utilizing this approach eradication rates for Barrett’s-associated neoplasia has been 
reported to be between 90% and 97% [15, 16]. This approach has resulted in far 
fewer strictures than with EMR alone and, as such, is the preferred treatment strat-
egy for patients with Barrett’s esophagus.

There is a paucity of data comparing cap-assisted vs band-assisted endoscopic 
mucosal resection in the context of neoplastic Barrett’s esophagus. The advantages 
of each were discussed above. There does exist one randomized control trial com-
paring both approaches. This one study demonstrated the band-assisted EMR was 
faster and cheaper compared to cap EMR. There was no difference in perforation or 
bleeding risk. The size of each specimen was slightly larger in the cap EMR group, 
but the clinical relevance of this was not clear [17].

There is a growing interest in endoscopic submucosal dissection (ESD) as an 
alternative plan to EMR. This technique involves submucosal injection followed by 
dissection of the submucosal plane until complete en bloc resection has occurred. It 
is substantially more technically challenging compared to the EMR techniques and 
has not gained widespread acceptance in the United States. The largest multicenter 
study in the United States reveal that ESD performed at expert centers can be safely 
performed. En bloc resection rates were 96%. Strictures, however, were commonly 
encountered but managed endoscopically [18]. It is unclear, at present, the exact 
role of ESD in the management of Barrett’s-associated neoplasia, and more data 
will be required before widespread use.

K. Krishnan and S. Komanduri



365

 Conclusion

Endoscopic eradication therapy remains the primary treatment approach for neo-
plastic Barrett’s esophagus. Visible lesions can frequently indicate more advanced 
disease and, as such, should be removed en bloc for accurate histologic analysis 
and staging. There are two primary techniques for endoscopic resection. Both are 
effective and have relative advantages. It is critical for endoscopists who perform 
endoscopic therapy for Barrett’s esophagus to be proficient in EMR. Currently, 
many mechanisms exist for endoscopists to obtain proper training for all aspects 
of endoscopic eradication therapy. Successful outcomes including durable eradi-
cation of intestinal metaplasia, accurate staging, and avoidance of occult malig-
nancy rely on successful endoscopic mucosal resection techniques.
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30The Role of Photodynamic Therapy 
and Cryotherapy for the Management 
of Barrett’s Esophagus

Hope T. Jackson and Andrew S. Wright

 Introduction

Gastroesophageal reflux can cause injury to the normal stratified squamous epithe-
lium of the esophagus. This injury may lead to replacement of the normal esopha-
geal lining by a metaplastic columnar intestinal-like epithelium known as Barrett’s 
esophagus (BE). The clinical relevance of BE lies in its sequential progression from 
intestinal metaplasia (IM) to low-grade dysplasia (LGD), high-grade dysplasia 
(HGD), and, finally, invasive adenocarcinoma [1]. In the absence of dysplasia, BE 
is associated with a low annual incidence of progression to adenocarcinoma (less 
than 0.5), but the incidence of progression to adenocarcinoma is up to five times as 
high when dysplasia is present [2–6]. The management of BE with dysplasia and 
early cancer has shifted over the years, moving away from surgical resection (esoph-
agectomy) to diagnostic and therapeutic endoscopy. Endoscopic therapy aims to 
remove the metaplastic or dysplastic tissue to a depth that destroys all the BE but 
minimizes damage to the submucosal layer of the esophagus to avoid stricture for-
mation and transmural injury [7]. Several treatment options—endoscopic mucosal 
resection (EMR) and tissue ablative therapies such as radiofrequency ablation 
(RFA), photodynamic therapy (PDT), and cryotherapy (CT)—have been recog-
nized as safe and effective therapies to accomplish this and are now the standard of 
care in many expert centers [8]. This chapter will focus on the role of photodynamic 
therapy and cryotherapy in the management of BE.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96122-4_30&domain=pdf
mailto:hjackson@som.umaryland.edu
mailto:awright2@uw.edu


368

 Photodynamic Therapy

 Technique

Photodynamic therapy (PDT) combines laser light and a photosensitizing agent that 
work together to cause selective tissue destruction. Sodium porfimer (Photofrin) is 
the only photosensitizing agent that is FDA approved in the United States and is 
given intravenously, while 5-aminolevulinic acid (5-ALA) is an oral agent approved 
for use in Europe. These agents are given 48–72  h before endoscopy and are 
absorbed preferentially by tissue with abnormal (hypermetabolic) activity. After the 
agent is fully absorbed by the target tissue, endoscopy is performed, and a laser light 
of appropriate power and wavelength is delivered to the affected area, activating the 
photosensitizing agent. The agent then reacts with oxygen causing free radicals that 
induce cell membrane damage and apoptosis [9].

 Efficacy

Sodium porfimer (SP) is the photosensitizing agent approved in the United States 
for treatment of BE and HGD based on several studies. The first study came from 
Overholt and colleagues. This was a cohort study of 100 patients who had BE with 
dysplasia (HGD and LGD) who were treated with photodynamic therapy and fol-
lowed for an average of 51 months [10]. These patients had a mean reduction in the 
length of Barrett’s mucosa by 7 cm. Fifty-four percent of the patients had complete 
elimination of BE. Ninety-three percent of patients with LGD had complete remis-
sion, 78% of patients with HGD had complete remission, and 48% of those with 
early cancer had complete remission. Small areas of residual or nonresponding 
areas of BE were treated with a Nd:YAG laser with subsequent eradication. The 
study concluded that PDT alone or in combination with Nd:YAG laser thermal abla-
tion provides effective endoscopic therapy for BE with dysplasia and can reduce the 
extent of and in some cases eliminate BE [10].

A larger multicenter, partially blinded, randomized clinical trial also conducted 
by Overholt et al. looked at a different cohort of patients with BE who had HGD 
[11]. Patients (208) were randomized to compare SP-PDT plus omeprazole therapy 
(138) versus omeprazole therapy alone (70). The study found that patients with 
SP-PDT with omeprazole had a significantly higher incidence of complete ablation 
of HGD than those in the omeprazole alone group (77% vs 39%). They concluded 
that SP-PDT was an effective therapy for ablating HGD in patients with BE and 
reducing the incidence of esophageal adenocarcinoma. This response was still pres-
ent at a 5-year follow-up study [9]. Other centers have reported results of SP-PDT 
with similar outcomes [12–14].

5-Aminolevulinic acid (5-ALA) is an oral agent that is commonly chosen as the 
photosensitizing agent of choice in Europe. A study by Gossner et al. looked at 32 
patients with BE (10) or superficial mucosal cancer (22) who underwent 5-ALA 
PDT [15]. The patients were maintained on omeprazole therapy, and the mean 
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follow-up was 10 months. HGD was eradicated in all patients. Another study by 
Ackroyd et al. randomly assigned 36 patients to 5-ALA PDT or placebo followed 
by laser treatment [16]. Of the 18 patients given PDT, 89% showed macroscopic 
evidence of BE regression, and all had complete clearance of dysplasia. The area of 
BE was reduced by 30% in these patients. Only 11% of patients in the placebo 
group had a reduction in the area of BE, and only 33% of the placebo group had 
clearance of dysplasia. In terms of long-term outcomes, Pech et al. studied 66 BE 
patients with HGD (35) and adenocarcinoma (31) who were treated with 5-ALA 
PDT between 1996 and 2002 [17]. A complete response was observed in 97 and 
100% in the two groups, respectively, at 37 months. Local recurrence was 3% (1) in 
those with HGD and 32% in those with adenocarcinoma during the entire study 
period.

Reported advantages of 5-ALA compared with SP are oral administration, 
shorter duration of skin photosensitivity (24–48 h versus 30 days), and preferential 
accumulation in the mucosa (SP also accumulates in the submucosa) which may 
limit tissue injury and, thus, complications such as stricture and perforation [15, 18, 
19].

A single-center, randomized controlled trial by Dunn et al. compared SP-PDT 
and 5-ALA PDT.  Sixty-four patients were randomized, 34 to 5-ALA and 30 to 
SP-PDT [20]. The median follow-up was 23 months. Strictures and skin photosen-
sitivity were significantly more common with SP-PDT than 5ALA-PDT (33% vs 
9% and 43% vs 6%, respectively). For BE less than 6 cm, complete regression of 
HGD was more likely with 5-ALA than SP. For BE greater than 6 cm, there was no 
significant difference in outcome between the PDT photosensitizers.

 Complications

Several of the studies previously discussed describe complications associated with 
both SP and 5-ALA PDT. The SP-PDT multicenter trial by Overholt et al. reported 
patients experienced photosensitivity (69%), esophageal strictures (36%), and vom-
iting (32%) as the top 3 complications [11]. Odynophagia and fever were less com-
monly reported. The stricture rate was similar in Overholt’s prior cohort study 
(34%) [10]. Elevated liver enzymes, chest pain, and neuropathy have been reported 
with the use of 5-ALA PDT [15–19]. Only Dunn et al. reported an incidence of 
strictures with 5-ALA use (9%) [20].

“Buried” Barrett’s esophagus, residual BE that can become hidden under the 
neosquamous epithelium that forms following PDT, has also been reported as a 
potential complication. This can occur if PDT does not destroy all of the metaplastic 
epithelium. The partially treated mucosa may then heal with an overlying layer of 
neosquamous epithelium that then buries metaplastic glands where they can be 
missed on follow-up endoscopy [21]. This buried metaplasia may have malignant 
potential [22]. A systematic review by Gray and colleagues that included 22 studies 
of PDT for Barrett’s esophagus with 953 patients found “buried metaplasia” in 14% 
(135) of patients [21]. The rate of buried glands has been shown to be significantly 
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higher post-PDT (48%) than pre-PDT (20%), irrespective of the photosensitizing 
agent used [20]. The clinical relevance of buried Barrett’s however is still controver-
sial as it can be found in the absence of PDT, most commonly at the Z-line (squa-
mocolumnar junction) [21].

 Summary

PDT has been shown to be an effective minimally invasive alternative treatment to 
surgical resection for Barrett’s esophagus with high-grade dysplasia. The side effect 
profile has limited its use as other endoscopic therapies have emerged. Future 
advances in PDT aim to focus on the development of photosensitizers with more 
favorable characteristics, non-laser methods of activating photosensitizers, and 
approaches that combine photodynamic therapy with other techniques.

 Cryotherapy

 Technique

The goal of cryotherapy is to create mucosal cellular destruction using freeze-thaw 
cycles. The therapy is performed by delivering low-pressure liquid nitrogen or car-
bon dioxide to the dysplastic area via a spray catheter. The treatment is applied for 
a total of 40s (two 20s applications or four 10s applications) and produces a 2 mm 
depth of injury [24]. The mechanism of injury to the mucosa involves cycles of 
rapid freezing and slow thawing that leads to the formation of extracellular and 
intracellular ice. This process disrupts cell membranes and causes tissue ischemia/
destruction through vascular stasis from decreased blood flow, endothelial damage, 
and vascular thrombosis [25].

 Efficacy

Johnston et al. reported the first study on the efficacy of cryotherapy for the treat-
ment of BE [26]. This was a prospective single-center study of 11 patients with BE 
ranging from no dysplasia to HGD. Nine patients completed the study protocol, and 
78% (7) of patients had complete eradication of BE at 6 months. Two patients were 
found to have buried BE.  There were no reported complications at 12  months. 
Greenwald et  al. published a similar prospective cohort study that found a 94% 
eradication rate for HGD with complications that included chest pain, dysphagia, 
and one gastric perforation [27].

Shaheen et al. subsequently published a multicenter retrospective study evaluat-
ing liquid nitrogen spray cryotherapy in patients with BE with HGD [28]. Ninety- 
eight patients were included, but only 58 patients completed treatment, comprising 
the efficacy cohort. The mean follow-up was 10.5 months. In the subset of patients 
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completing therapy, complete eradication of HGD was seen in 97% of patients. 
Eighty-seven percent had complete eradication of all dysplasia with persistent non- 
dysplastic BE, and 57% had complete eradication of all BE. There were no esopha-
geal perforations and strictures developed in three patients (5%) who were treated 
successfully with dilation. Two patients (3%) reported severe chest pain managed 
with oral narcotics. Buried BE was found in two subjects (3%).

Long-term efficacy studies are limited. Gosain et al. performed a retrospective 
study of 32 patients with BE with HGD [29]. Patients were treated with liquid nitro-
gen cryotherapy every 8 weeks (median treatment number was 4) until complete 
eradication of HGD and BE was confirmed by endoscopic biopsy. The median fol-
low- up was 37 months. At the 2-year follow-up, complete eradication of HGD was 
found in all 32 patients and complete eradication of BE in 27 patients (84%). At the 
last follow-up of the study period, complete eradication of HGD was found in 31 
patients (97%) and complete eradication of BE in 26 patients (81%). Recurrent 
HGD was found in six patients (18%), with complete eradication of HGD in five 
patients after repeat treatment. One patient progressed to adenocarcinoma and was 
subsequently downgraded to HGD after repeat cryotherapy. BE segment length 
greater than 3  cm was associated with a higher recurrence of BE but not 
HGD. Stricture was seen in three patients (9%) and all were successfully dilated.

Studies on the use of carbon dioxide cryotherapy for BE with dysplasia are also 
limited. Canto et al. reported, in abstract form only, on 44 patients with a median 
follow-up of 12 months [30]. Seven patients had failed prior treatment with photo-
dynamic therapy or radiofrequency ablation. Treatment was completed in 23 
patients, with complete eradication of HGD and BE seen in 21 (91%) and 22 patients 
(96%), respectively. Only two patients reported mild chest discomfort.

Xue et al. has the only published study on CO2 cryotherapy [31]. This prospec-
tive, single-center study looked at 20 patients who were treated with CO2 cryother-
apy for BE. Ninety percent of patients had complete eradication of BE. At 6 months, 
one patient developed recurrent BE with no dysplasia and two patients had buried 
BE. Two patients developed mild chest discomfort which did not require treatment, 
and three patients developed esophagitis that was successfully treated with daily 
omeprazole. There were no reports of bleeding or perforation in this study, and the 
mean follow-up was 10 months.

There are no studies in the current literature that examine the efficacy of cryo-
therapy in combination with other endoscopic therapies, but the study by Canto and 
colleagues suggests there may be a role for cryotherapy when other therapies such 
as RFA and PDT fail. The most commonly reported side effects of this therapy are 
self-limited chest pain and dysphagia. Stricture, esophagitis, and perforation were 
less commonly reported.

 Summary

Cryotherapy has been shown to be safe and efficacious in the treatment of BE with 
dysplasia. The low side effect profile, relatively simple technique, and high efficacy 
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make it an attractive therapy of choice. Further long-term studies are needed, how-
ever, prior to recommending widespread use.

 Comparisons to Other Endoscopic Therapies

Other endoscopic therapies such as radiofrequency ablation (RFA) (discussed in 
Chap. 28) and endomucosal resection (EMR, Chap. 29) are alternative endoscopic 
treatments for BE. There are no randomized comparative therapy studies in the cur-
rent literature. One retrospective study does compare outcomes between PDT and 
RFA. Ertan et al. performed a single-institution retrospective analysis of patients 
who received PDT (33) and RFA (53) for BE with dysplasia [23]. Complete resolu-
tion of Barrett’s occurred in 18 patients (54.5%) who received PDT and 47 patients 
(88.7%) who received RFA. In the PDT cohort, two patients reported photosensitiv-
ity reactions, nine (28%) developed strictures that required serial endoscopic dila-
tions, and one patient developed an esophageal perforation that was managed 
nonoperatively. In the RFA cohort, two patients (4%) developed a stricture managed 
with dilation. No perforation was reported. Buried Barrett’s was seen in four 
(12.5%) PDT patients and four (6%) RFA patients. According to the study’s institu-
tion cost analysis, PDT was five times costlier than RFA. The authors concluded 
that RFA was more cost-effective than PDT and had a higher rate of resolution of 
BE without serious adverse events.

 Conclusion
Endoscopic therapies to manage Barrett’s esophagus continue to evolve. PDT 
and cryotherapy are safe and efficacious endoscopic therapies for the manage-
ment of BE with dysplasia. Limited data exist to guide the choice between differ-
ent endoscopic modalities for BE (RFA, cryotherapy, or PDT). Side effect 
profiles and the lack of long-term studies have limited the widespread adaptation 
of these techniques. Looking forward, long-term efficacy studies and technology 
advances are needed to further advance the endoscopic management of BE.
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31Expert Commentary: Surveillance  
Versus Ablation for Patients  
with Low-Grade Dysplasia

John G. Hunter and Joseph M. Drosdeck

An estimated 25–40% of patients with Barrett’s esophagus (BE) will be diagnosed 
with low-grade dysplasia (LGD) at some point in their lifetime [1]. Progression to 
high-grade dysplasia (HGD) or esophageal adenocarcinoma (EAC) is difficult to 
quantify but may occur at a rate of up to 13.4% per person-year [2]. Identifying 
those at risk for malignant transformation is challenging, partly because the diagno-
sis of LGD is difficult. A high degree of interobserver variability exists between 
pathologists [3], which has significant clinical implications. One report revealed 
that 85% of patients previously diagnosed with LGD were downgraded to non- 
dysplastic BE after evaluation by an expert gastrointestinal pathologist [2]. This 
underscores the importance of expert consultation to establish a firm diagnosis 
before proceeding with treatment.

Prior to the development of ablation therapy, patients and physicians lacked suit-
able treatment options for LGD and therefore adhered to a strict regimen of endo-
scopic surveillance [4]. Although this remains a viable option, endoscopic ablation 
technology has expanded the management of LGD by allowing for eradication of 
dysplastic mucosa, thereby minimizing the chances of carcinogenesis. Of the vari-
ous ablation techniques available, radiofrequency ablation (RFA) has emerged as 
the most common and best-studied modality. A growing body of evidence supports 
RFA as a safe, effective, and durable treatment for LGD.

Among the most compelling evidence for RFA in patients with LGD is the AIM 
Dysplasia trial  – a multicenter, randomized, sham-controlled trial that compared 
RFA plus endoscopic surveillance to endoscopic surveillance alone in patients with 
dysplastic BE. At 12 months, 90.5% of RFA-treated patients had complete eradica-
tion of LGD, compared to 22.7% of controls (p < 0.001). Patients who received 
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ablation also had significantly less disease progression (3.6% vs. 16.3%, p = 0.03). 
Few serious adverse effects were noted, but RFA was associated with a significant 
increase in chest pain and a 6% stricture rate; all strictures were successfully man-
aged with endoscopic dilation [5]. The 2- and 3-year results of the trial revealed a 
durable effect of RFA with a low rate of disease progression. Complete eradication 
of LGD and IM was observed in 98% of patients at 2 years. Follow-up at 3 years 
revealed complete eradication of dysplasia in 98% and complete eradication of 
intestinal metaplasia (IM) in 91% of patients. Predictors of complete response were 
sought, but none were statistically significant [6].

A recent randomized controlled trial published by Phoa et al. corroborated these 
findings. They compared RFA to endoscopic surveillance for patients with LGD and 
found that RFA significantly reduced the rate of progression to HGD and EAC over 
a 3-year follow-up period. Radiofrequency ablation reduced progression to HGD or 
EAC by 25% and reduced progression to EAC by 7.4%. Complete eradication of 
dysplasia was observed in 92.6% of patients after RFA. Treatment-related adverse 
events occurred in 19.1% of patients who received ablation. Stricture was the most 
common adverse event (11.8%) and was all treated successfully with endoscopic 
dilation. The data and safety monitoring board terminated the trial early due to supe-
riority of ablation [7].

Radiofrequency ablation is a safe and effective treatment for LGD with a risk 
profile appropriately matched to the natural course of the disease. However, it does 
not provide indefinite eradication in all patients, and therefore, post-ablation sur-
veillance is required [5–9]. With regard to cost-effectiveness, some evidence sug-
gests RFA may be a cost-effective treatment for LGD, but a better understanding of 
its long-term efficacy is needed before drawing firm conclusions [10]. From a 
patient perspective, RFA improves disease-specific health-related quality of life 
secondary to a perceived decrease in the risk of cancer development [11]. Because 
patients face a diagnosis with an uncertain course, quality of life and psychological 
stress may play a significant part in their management decisions. Fortunately, endo-
scopic ablation technology has allowed the field to evolve past mere surveillance. In 
today’s era, RFA should be discussed with, and considered in, all patients with LGD 
given its safety, efficacy, and durability.

References

 1. Vieth M.  Low-grade dysplasia in Barrett’s esophagus  – an innocent bystander? Contra. 
Endoscopy. 2007;39:647–9.

 2. Curvers WL, ten Kate FJ, Krishnadath KK, et al. Low-grade dysplasia in Barrett’s esophagus: 
overdiagnosed and underestimated. Am J Gastroenterol. 2010;105:1523–30.

 3. Kerkhof M, van Dekken H, Steyerberg EW, et al. Grading of dysplasia in Barrett’s oesopha-
gus: substantial interobserver variation between general and gastrointestinal pathologists. 
Histopathology. 2007;50:920–7.

 4. Shaheen NJ, Falk GW, Iyer PG, Gerson LB, American college of G.  ACG clinical guide-
line: diagnosis and management of Barrett’s esophagus. Am J Gastroenterol. 2016;111:30–50;  
quiz 1.

J. G. Hunter and J. M. Drosdeck



377

 5. Shaheen NJ, Sharma P, Overholt BF, et al. Radiofrequency ablation in Barrett’s esophagus 
with dysplasia. N Engl J Med. 2009;360:2277–88.

 6. Shaheen NJ, Overholt BF, Sampliner RE, et  al. Durability of radiofrequency ablation in 
Barrett’s esophagus with dysplasia. Gastroenterology. 2011;141:460–8.

 7. Phoa KN, van Vilsteren FG, Weusten BL, et al. Radiofrequency ablation vs endoscopic sur-
veillance for patients with Barrett esophagus and low-grade dysplasia: a randomized clinical 
trial. JAMA. 2014;311:1209–17.

 8. Orman ES, Kim HP, Bulsiewicz WJ, et al. Intestinal metaplasia recurs infrequently in patients 
successfully treated for Barrett’s esophagus with radiofrequency ablation. Am J Gastroenterol. 
2013;108:187–95; quiz 96.

 9. Orman ES, Li N, Shaheen NJ.  Efficacy and durability of radiofrequency ablation for 
Barrett’s esophagus: systematic review and meta-analysis. Clin Gastroenterol Hepatol. 
2013;11:1245–55.

 10. Hur C, Choi SE, Rubenstein JH, et al. The cost effectiveness of radiofrequency ablation for 
Barrett’s esophagus. Gastroenterology. 2012;143:567–75.

 11. Shaheen NJ, Peery AF, Hawes RH, et al. Quality of life following radiofrequency ablation of 
dysplastic Barrett’s esophagus. Endoscopy. 2010;42:790–9.

31 Expert Commentary: Surveillance Versus Ablation for Patients with Low-Grade…



379© SAGES 2019
J. Grams et al. (eds.), The SAGES Manual of Foregut Surgery, 
https://doi.org/10.1007/978-3-319-96122-4_32

J. Park · D. W. Rattner (*) 
Deptartment of Surgery, Massachussetts General Hospital, Harvard Medical School,  
Boston, MA, USA
e-mail: drattner@mgh.harvard.edu

32Historical Perspective: History 
of the Surgical Management of Achalasia

Julia Park and David W. Rattner

 Introduction

Achalasia is a primary motility disorder of the esophagus with an incidence of 1 in 
100,000 annually. It is best characterized by the existence of both: absence of 
esophageal peristalsis and failure of relaxation of the lower esophageal sphincter 
(LES). This is a progressive disease that if left untreated can evolve to a completely 
nonfunctional megaesophagus. The condition was first described in 1674 by Sir 
Thomas Willis in connection with a patient who used a cork-tipped whale bone to 
push food down after each meal. The pathophysiology of the disease remained 
undefined until 1891 when Mikulicz noted that esophageal obstruction was caused 
by a physiologic rather than anatomic defect and coined the term “cardiospasm.” 
Over the past century, the development of fluoroscopy, flexible endoscopy, and 
more recently high-resolution manometry have transformed our understanding of 
achalasia. Furthermore, physiologic data now supplements anatomic information to 
guide therapeutic decision-making. Since defective esophageal peristalsis cannot be 
corrected, all surgical and endoscopic therapies for achalasia target the non-relaxing 
lower esophageal sphincter (LES). The introduction of minimally invasive surgery 
for achalasia in 1991 and the recent introduction of POEM (Per Oral Endoscopic 
Myotomy) in 2009 have revolutionized the treatment of achalasia and are now the 
most commonly utilized therapeutic modalities. Furthermore, in the digital era, 
patients with rare diseases commonly seek information about their condition and 
direct their own care. Therefore, patients, who in the past might have been told to 
have pneumatic dilations instead of invasive abdominal or thoracic surgery, now 
actively seek – often by Internet searches – minimally invasive surgical or endo-
scopic treatment for their disease.
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 Treatment: Historical Perspective

Examining the evolution of the surgical management of achalasia dates back to a 
century ago and allows us to appreciate the evidence and observation-based deduc-
tions of many masters of surgery. The methods used during those times are still used 
as a foundation for current therapy of achalasia. Although there are reports of dila-
tions dating as far back as 1674 and the 1800s, the actual pathophysiology of the 
disease was not known at that time. The term “cardiospasm” was adopted to describe 
this condition in 1891 by Mikulicz, reflecting the observation that a true stricture or 
anatomic obstruction was never seen. Throughout the nineteenth century into the 
early twentieth century, treatment consisted of dilations, reportedly using some-
thing as crude as a whale bone. Advancement of this technique over the years, best 
characterized by the experience at the Mayo Clinic, gave way to the development of 
a nonrigid bougie with a hydrostatic dilator mounted on it, which was used in over 
800 patients up to early 1932. Complete relief was reported in 70%. At this time, 
there was very little understanding of the etiology of the disease, but what was for 
certain was the relief of symptoms (albeit temporary) that was seen in the afflicted 
[1–5]. This age-old technique, although modernized and perhaps more sophisti-
cated technologically, is still utilized today.

The first surgical techniques were introduced by Mikulicz and involved perform-
ing a laparotomy, where gastrostomy was performed and the cardia was dilated with 
a clamp (Mikulicz operation) or even with digits on the hand (Schloffer and others). 
Recurrence was noted across the board, but temporary symptom relief was noted 
and enabled patients to eat. Complications included, but were not limited to, esoph-
ageal rupture and death. Reported in 1914, Dr. Arthur Hertz was the first to provide 
an alternative etiology and coined the term “achalasia” (Greek for “failure to relax”). 
After performing postmortems on patients with known cardiospasm, he was sur-
prised to find that none revealed sphincter hypertrophy and proposed that, if in fact 
spasm of the muscle was the cause, there would be hypertrophy. He also proposed 
that serial rigid dilations would not be possible if spasm was present [1–4].

With x-ray imaging of these symptomatic patients, a hugely dilated megaesopha-
gus was often seen. In order to address this particular aspect (which we now know 
as end-stage achalasia), multiple surgical treatments were designed to address the 
“common objective of straightening out the oesophagus” [6]. One such surgical 
technique included invagination or intussusception of the dilated esophagus onto 
itself (held together by interrupted sutures) via a neck incision (Freeman). The 
patient remained clinically well for years while he was being followed [6]. Herovsky 
first reported the use of an esophagogastrostomy from an abdominal incision by 
pulling down redundant esophagus and anastomosing it to the stomach. A number 
of others performed this operation (as well as modifications of it, i.e., anastomosing 
to first part of small bowel) in the following years, including Maingot, DeBakey, and 
Ochsner. Although immediate relief of symptoms was seen, patients were plagued 
by severe regurgitation and reflux [1, 4, 6]. Esophageal plication was also under-
taken in order to address the megaesophagus. Esophageal plication, first reported by 
Reisinger in 1907 but modified and performed by many others, involved exposure 
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of the esophagus through the posterior mediastinum or transpleurally and then exci-
sion of a vertical strip of the dilated esophagus 2–3 cm wide, with the subsequent 
esophageal re-approximation. Modifications include plication only without excision 
as well. Results were not favorable as this procedure did not address the cause of the 
problem [1, 4].

 Establishment of the Myotomy and Fundoplication

In 1910, the first “cardioplasty” was performed by Wendel. It is reported that an 
anterior vertical incision was made on the cardia of the stomach and subsequently 
sutured transversely with excellent clinical outcome. A few years later in 1914, 
Heller described a more extensive cardioplasty, in which both an anterior and pos-
terior extramucosal cardioplasty was performed transabdominally by dividing the 
peritoneum at the hiatus and pulling down the esophagus into the abdomen for 
exposure. This operation was well-accepted in Europe at the time. Other surgeons 
were performing this procedure and modifying it as well [1, 4, 7, 8]. Heller’s opera-
tion was endorsed by many, and the general opinion on the matter is well- 
characterized in Maingot’s words: “Oesophagocardiomyotomy is, in my opinion, 
worthy of a more general adoption, as it is a simple and safe operation, the tech-
nique is readily mastered, and the immediate and late results are most gratifying. 
Furthermore, these statements are confirmed by the excellent results obtained” [7]. 
This operation, revolutionary at the time, remains the foundation for what has 
become the gold standard for surgical treatment of achalasia today. The most com-
mon modifications included performing either a posterior or anterior myotomy (not 
both), with excellent symptom relief for both methods.

Although this procedure was quite successful in the treatment of achalasia over 
the next few decades, there was one resulting side effect: reflux esophagitis. In 
1956, Rudolph Nissen described a fundoplication for the treatment of reflux, and in 
1962, Dor proposed an operation that essentially addressed both achalasia and the 
resulting reflux esophagitis that would be encountered after surgical treatment of 
achalasia. It was a hybrid of the Heller myotomy and Nissen fundoplication and is 
commonly known as the anterior fundoplication. A transabdominal approach was 
undertaken, and an anterior myotomy 10 cm in length, which extended 5 cm onto 
the anterior wall of the stomach, was performed. The Dor fundoplication consisted 
of suturing the left side of the myotomy to the anterior wall of the stomach, and then 
the stomach was folded over to the right side of the myotomy and secured with 
sutures [9]. The Toupet fundoplication was also first reported around the same time 
but was not readily implemented until many years later [1]. The question of whether 
or not a fundoplication is required is a controversy that would be carried on for 
many years. This, of course, was followed by the next considerable discussion: 
which fundoplication is best?

The Heller myotomy with Dor fundoplication was widely accepted as the stan-
dard of care for achalasia. The first large case series (100 patients) reporting on 
long-term results of this surgical treatment (mean follow-up of almost 7 years) was 
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published in 1988 by Csendes et  al. and revealed good to excellent clinical out-
comes in over 95% and objective reflux in 19% of patients. Csendes et al. performed 
an anterior myotomy 6 cm in length, with only 5–10 mm extension onto the stom-
ach [10]. In 1992, Bonavina et  al. published their results (median follow-up, 
5.3 years) on over 200 patients in which a 10 cm long anterior myotomy (8 cm on 
esophagus, 2 cm onto the stomach) plus Dor fundoplication was performed. Ninety- 
four percent had good to excellent clinical outcomes reported, and 9% had abnor-
mal acid exposure as determined by esophageal pH monitoring [11]. The difference 
in the length of the myotomy and how much is extended onto the stomach as por-
trayed between these two studies represents the beginning of a long-standing dis-
cussion in attempts to standardize the surgical technique. Further complicating this 
discussion was the fact that the majority of achalasia patients were treated surgically 
by thoracic surgeons who performed transthoracic rather than transabdominal 
myotomies. Addressing the question of whether a fundoplication is needed or not, a 
literature review of just over 5000 patients was analyzed by Andreollo et al., which 
concluded that a fundoplication was not necessary when Heller myotomy was per-
formed through the chest vs. the abdomen [12]. This group postulated that the 
abdominal approach (including both open and laparoscopic) required mobilizing 
the phrenoesophageal ligament, which in turn disrupted the normal anti-reflux 
mechanism of the GE junction, thereby increasing postoperative reflux.

In the early 1990s, minimally invasive techniques were gaining acceptance in the 
surgical treatment of foregut disease. Cuschieri was the first to perform a laparo-
scopic Heller myotomy (LHM) in 1991 [13]. In the United States, Pellegrini per-
formed the first laparoscopic myotomies, which were actually reoperations for 
insufficient thoracoscopic myotomies [14].

Comparison of the thoracoscopic vs. laparoscopic technique for Heller myotomy 
(no anti-reflux procedure for thoracoscopic, Dor fundoplication for laparoscopic) 
revealed faster recovery for patients in the laparoscopic group due to obvious draw-
backs of entering the thoracic cavity for surgery, and a higher percentage of patients 
with abnormal acid exposure when objectively measured was seen in the thoraco-
scopic group [15]. Bonavina et al. was the first to report the feasibility and safety of 
laparoscopic Heller myotomy plus Dor fundoplication in 1995 [16], and by the end 
of the 1990s, the laparoscopic technique for the treatment of achalasia was the new 
gold standard.

As alluded to before, controversy remained about the length of myotomy required 
for adequate symptom relief. Patients who underwent standard Heller (1–2  cm 
extension of myotomy onto gastric wall) with Dor fundoplication and those that 
underwent “extended” myotomy (defined as 3 cm onto the stomach) with Toupet 
were compared, and relief from dysphagia was more prominent in the extended 
myotomy group [17]. This study and others have established the current practice 
today to ensure extension of the anterior myotomy well past the gastroesophageal 
junction.

Furthermore, most Heller myotomies today are combined with an anti-reflux 
procedure. A randomized control trial comparing Heller with and without Dor fun-
doplication found that the incidence of postoperative reflux measured by 24-h pH 
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monitoring was 9% vs. 48% in those with and without fundoplication, respectively  
[18]. A meta-analysis by Campos et  al. (2009) looking at all publications that 
reported postoperative 24-h pH monitoring confirms the higher rate of distal esoph-
ageal reflux (41.5%) without fundoplication as compared with 14.5% with fundo-
plication. As expected, incidence of postoperative reflux symptoms was observed in 
31.5% after LHM without partial fundoplication vs. 9% in those with fundoplica-
tion [19–51]. Rawlings et al. compared Dor and Toupet after myotomy in a multi-
center randomized control trial and found no significant difference in postoperative 
reflux and relief from dysphagia [52]. When confronted with a sigmoid-type esoph-
agus and presumed nonexistent esophageal peristalsis in late- to end-stage achala-
sia, a fundoplication may be omitted as even a partial wrap can exacerbate dysphagia 
despite myotomy. A full Nissen fundoplication has been abandoned as the appropri-
ate anti-reflux procedure as the incidence of dysphagia with Nissen proves to be 
unacceptably high vs. a partial wrap [53, 54].

 Laparoscopic Heller Myotomy Outcomes

Clinical outcomes of laparoscopic Heller myotomy (LHM) with partial fundoplica-
tion have withstood the test of time. Success has been measured by both subjective 
resolution of symptoms using validated metrics [i.e., Eckardt score, Quality of Life 
in Reflux and Dyspepsia (QOLRAD), and Gastroesophageal Reflux Disease- 
Health- Related Quality of Life (GERD-HRQL), among others] and objective mea-
surement utilizing manometry, pH monitoring, and upper endoscopy. Significant 
palliation of dysphagia was recorded in 89% (79–100%). Improvement of dyspha-
gia remained the same between those with and without an anti-reflux procedure. In 
a meta-analysis encompassing over 3000 patients by Campos et  al., rate of any 
complication was 6% and mortality was 0.1% (3 patients). Specifically, rate of 
mucosal perforation is 6.9%, but the clinical significance of perforation is 0.7% as 
most are recognized intraoperatively and immediately closed without any postop-
erative ramifications [19–51, 54, 55]. In those studies where postoperative 24-h pH 
monitoring was performed, 14.5% (0–44%) showed evidence of distal esophageal 
reflux. Those with symptomatic reflux represented a smaller percentage at 8.8% in 
those with a fundoplication [19–51].

 Role of Robotic Surgery in the Treatment of Achalasia

Robotic surgery has been evaluated for nearly all aspects of gastrointestinal surgery. 
The robotic platform has been shown to be safe in patients undergoing Heller myot-
omy in multiple studies. The enhanced 3D view has been attributed to decreased 
incidence of intraoperative perforations of the esophagus, although the clinical out-
comes are largely the same as compared with laparoscopic surgery. The significant 
cost, longer operating times, and limited availability are still barriers to widespread 
acceptance of the robotic platform for the surgical treatment of achalasia [56–63]; 
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furthermore, perforations are in fact extremely uncommon with conventional lapa-
roscopic Heller myotomy when performed by specialist surgeons [64].

 Per Oral Endoscopic Myotomy (POEM)

In the continual pursuit for less invasive means of intervention, Inoue developed the 
POEM procedure and was the first to perform the endoscopic myotomy in patients 
with achalasia. This innovative endoscopic technique is outlined in detail by Inoue 
et al. [65], but in brief, it involves creation of a submucosal tunnel, dissection of the 
circular muscle fibers starting at 3 cm distal to the mucosal entry and 7 cm proximal 
to the gastroesophageal junction (GEJ) and extending to 2 cm past the GEJ, and 
closure of the mucosal entry site. In his first publication reporting the initial results, 
the patients had excellent clinical outcomes (improved dysphagia in 100%) and a 
significant reduction in LES pressure, with no serious complications recorded [65]. 
Since the introduction of the POEM procedure, it has been performed with increas-
ing frequency. Subsequent studies have confirmed successful clinical outcomes 
using subjective metrics and range from 89% to 100% [55, 66–70]. Furthermore, 
this success rate remains high at 3-year follow-up, which is the longest reported to 
date [67]. Comparison with LHM reveals that clinical outcomes are similar between 
the two procedures at 6-month follow-up.

As there is no anti-reflux procedure performed with POEM, postoperative reflux 
has been a major concern. Esophagitis seen on postoperative endoscopy has been 
reported to occur in the range of 46–64.7% in short-term follow-up [55, 66–70]. 
Symptomatic reflux symptoms were seen in 21% at 3 year follow-up [67].

 Conclusion

Advances in endoscopic and diagnostic techniques greatly enhanced the 
understanding of achalasia during the past century. Concurrently, new surgical 
modalities such as laparoscopic and endoluminal myotomies were developed 
that revolutionized the treatment of achalasia. Laparoscopic Heller myotomy and 
POEM are highly effective and have a lower perforation rates than the prior 
therapies such as pneumatic dilation that dominated in the twentieth century. 
Internet-savvy patients currently seek the least invasive methods for treatment in 
order to minimize pain and recovery time. Time will tell if the long-term results 
of POEM are equivalent to LHM and clarify the significance (if any) of increased 
esophageal acid exposure that has been observed in POEM patients.
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 Introduction

With a patient population of increasingly advanced age, dysphagia is a commonly 
encountered symptom. Of all motor dysfunctions of the esophagus, achalasia is the 
best defined in the literature and will be the primary subject of this chapter. However, 
the workup for dysphagia is based upon wide differential diagnoses; thus a thorough 
understanding of other esophageal dysmotility disorders is crucial. The prevalence 
of swallowing difficulty in the community-dwelling elderly ranges from 5% to 72% 
with a mean of 15%, with risk factors being advanced age, history of clinical dis-
ease, and physical frailty [1]. Although the majority of these will be secondary to 
oropharyngeal dysfunction, it is important for the discerning surgeon to identify and 
treat esophageal motility disorders.

 Epidemiology

Historically the incidence of achalasia is 0.5–1.5 new cases per 100,000 in North 
America and Europe [2–5]. As achalasia is an incurable disorder, its prevalence is 
much greater than its incidence at 8–10 per 100,000 [5, 6]. Interestingly in regions 
with more widespread use of high-resolution manometry (HRM), the incidence and 
prevalence have increased by two- to threefold compared to values prior to its preva-
lent use in mid-2000s [7]. Hospitalizations for achalasia have remained stable for 
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the past few decades; however, there is an age-related increase in incidence in 
patients older than 50 with peak between 65 and 84. Achalasia affects all ethnicities 
and genders equally [8, 9]; however, other studies have demonstrated a slight male 
predominance [10].

Although the vast majority of achalasia seems to be sporadic de novo diagnoses, 
genetic predispositions have also been described. Allgrove syndrome, characterized 
by 3 A’s (alacrima, adrenal insufficiency, and achalasia), is a rare disorder in which 
defect in the AAAS gene leads to a defective ALADIN protein [11]. Familial clus-
tering has also been described in an autosomal dominant inheritance pattern [12, 
13]. Associations between achalasia and both Parkinson’s disease and Down syn-
drome have been described as well [14–17].

Other esophageal motility disorders are less well characterized from a popula-
tion standpoint. However the relative incidences may be estimated from studies in 
comparison to achalasia. In an Irish study of 5184 consecutive patients undergoing 
manometry studies referred for reflux-related symptoms over a 10-year period, 4% 
had achalasia, 1.4% had nutcracker esophagus, 1.0% had hypertensive lower esoph-
ageal sphincter, 0.2% had diffuse esophageal spasm (DES), and 0.2% had sclero-
derma [18]. Approximately 20–50% of gastroesophageal reflux disease (GERD) 
patients have ineffective esophageal motility (IEM) [19]. It can also be seen in up to 
30% of patients with nonobstructive dysphagia that is unrelated to GERD [20].

 Pathophysiology

Failure of lower esophageal sphincter relaxation with aperistalsis is pathognomonic 
for achalasia. Although the root cause for achalasia seems to be multifactorial, the 
common end result is characterized by progressive degeneration of nitric oxide pro-
ducing inhibitory neurons in the mid and distal esophagus. Inflammation and fibrosis 
of the myenteric (Auerbach’s) plexus is seen in pathologic specimens. Replacement 
of the nerves with collagen and hypertrophy of the muscularis propria has also been 
found [21, 22]. The selective loss of inhibitory innervation leads functionally to 
lack of deglutitive relaxation of the esophagogastric junction (EGJ) and inability 
of the esophageal body to contract in a peristaltic fashion. As excitatory postgan-
glionic neurons are spared, cholinergic stimulation leads to unopposed high lower 
esophageal sphincter pressure at rest. The unremitting lower esophageal sphincter 
contraction creates an impediment for bolus passage into the stomach, leading to a 
gradual dilation of the esophageal body. The natural history of untreated achalasia 
was described by Ellis in 1960, dividing the clinical features into three chronologic 
stages: onset, silent period, and progressive deterioration [23]. Ultimately, severe 
achalasia is characterized by massive esophageal dilation, acting as a reservoir 
of fermented undigested food. This end-stage achalasia is referred to as sigmoid 
esophagus as it is characterized by dilatation and nondependent curvature shape.

Several mechanisms for the etiology of achalasia have been proposed, including 
infectious, immunologic, and genetic causes. The basis for infectious and autoim-
mune causes is derived from studies that demonstrate higher antibody titers for 
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Varicella zoster virus in patients with achalasia. Varicella zoster virus DNA have 
also been found in esophageal myenteric plexus in achalasia patients [24]. The the-
ory of viral infection triggering neuronal degeneration is strengthened by an asso-
ciation between achalasia and antecedent viral infection. Higher rates of allergic 
and autoimmune disorders were also found in achalasia patients and their first- 
degree relatives [25]. Secondary achalasia caused by Trypanosoma cruzi infection 
(Chagas disease) is also well established to be pathophysiologically indistinguish-
able from idiopathic achalasia [26]. In addition to familial clustering and gene 
defects, Allgrove syndrome, the genetic implications for achalasia include polymor-
phisms found in nitric oxide synthase and vasoactive intestinal peptide receptor 1 
proteins [27, 28].

The pathophysiology of other esophageal motility disorders is not as well 
described in the literature. DES is characterized by dysfunction in the intrinsic neu-
ral regulation in esophageal smooth muscle, as normal striated muscle peristalsis is 
usually intact in the upper third [29]. Endoscopic sonographic evaluation has dem-
onstrated increased esophageal muscle mass in patients with DES and high ampli-
tude esophageal contraction [30]. However dissimilar to achalasia, pathologic 
specimens of patients with DES and nutcracker esophagus demonstrate the pres-
ence of ganglia [31]. Thus, muscular hypertrophy may be secondary to increased 
bolus resistance through the esophagus and EGJ, rather than a primary cause of 
DES [29]. Nitric oxide seems to be an important mediator in DES [32]. A similar 
mechanism seems to be implicated in jackhammer esophagus and hypertensive 
lower esophageal sphincter, as phosphodiesterase-5 inhibitors such as sildenafil 
seem to ameliorate symptoms of both. This mechanism is through an increase in 
intracellular cyclic-GMP, which enhances nitric oxide-induced smooth muscle 
relaxation [33]. Clinically, jackhammer esophagus patients with impaired EGJ 
relaxation have been found to be prone to developing peristaltic dysfunction and 
achalasia [34]. IEM seems to be due to decreased cholinergic stimulation through-
out the esophageal body. Potential causes include impaired neuromuscular control, 
muscular hypertrophy, extensive fibrosis, and inflammatory mediators.

 Evaluation

Due to a broad differential diagnosis, the workup for esophageal motility disorders 
should begin with detailed history taking (Table 33.1). Meticulous symptom recog-
nition should lead to the referral of appropriate diagnostic testing. Dysphagia is the 
most common symptom in achalasia, occurring in more than 90% [35]. Dysphagia 
is usually gradual starting initially with “chest fullness” and progressing to “stick-
ing sensation.” However, symptoms may be severe at the time of diagnosis, with 
dysphagia to both liquids and solids. Oropharyngeal dysphagia should be distin-
guished from esophageal dysphagia by inquiring about immediate regurgitation and 
aspiration with drinking thin liquids. It can also be associated with nasopharyngeal 
regurgitation, drooling, and concurrent or underlying neurologic or muscular dis-
eases [35]. Common neuromuscular pathologies associated with oropharyngeal 
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dysfunction include stroke, traumatic brain injury, myasthenia gravis, and amyo-
trophic lateral sclerosis; anatomic conditions include cricopharyngeal bar and 
Zenker’s diverticulum. Cervical dysphagia should be worked up to rule out distal 
esophageal obstruction, as the location of obstruction may be subjective. In general, 
esophageal motility disorders can cause dysphagia to both liquid and solids, and 
mechanical obstructions cause dysphagia to solids more so than liquids; however, 
mechanical obstructions may cause functional esophageal dysmotility, which may 
cause dysphagia to liquids as well.

Heartburn (75%) and regurgitation (45%) are also common in achalasia, which 
may initially be misdiagnosed as GERD [35]. Regurgitation of bland undigested 
food and saliva may occur at night, causing patients to wake up choking and cough-
ing. The severity of regurgitation may be progressive as the esophagus dilates. 
Belching and halitosis can also occur from undigested food in the esophagus. The 
reservoir of stagnant food particles may undergo fermentation, leading to heartburn. 
Surgical treatment of heartburn symptoms such as GERD with fundoplication with-
out additional workup to rule out achalasia or other esophageal motility disorders 
may be disastrous.

Noncardiac chest pain (20%), epigastric pain (15%), and odynophagia (<5%) 
may also be present [35]. Although symptoms of dysphagia and regurgitation may be 
ameliorated with pneumatic dilation or surgical myotomy, relief of chest pain is usu-
ally less consistent. Achalasia-related chest pain is more common in younger patients; 
a majority will have improvement of chest pain with advancing age, though only a 
minority will have complete resolution of pain [36]. Studies have demonstrated 
patients with noncardiac chest pain to have lower thresholds for pain in response to 
esophageal distension due to hypersensitization [37]. There is a broad overlap of 
sensory experience to different esophageal stimuli (mechanical distension, thermal, 
and electrical), which suggests polymodal sensory signaling to the brain, which are 
nonspecific. Esophageal exposure to acid also evokes hypersensitivity to pain [38].

Table 33.1 Differential diagnosis of esophageal dysmotility

Primary
  Achalasia
  Diffuse esophageal spasm
  Hypertensive lower esophageal sphincter
  Hypercontractile (jackhammer) esophagus
  Weak peristalsis/ineffective esophageal motility
  Hypotensive lower esophageal sphincter
Secondary
  Malignancy/pseudoachalasia (primary esophageal, metastatic)
  Rheumatologic (scleroderma, systemic lupus erythematosus, Raynaud’s phenomenon, 

Sjögren’s syndrome)
  Infectious (Chagas disease, candida, cytomegalovirus, herpes simplex virus, human 

immunodeficiency virus)
  Infiltrative (eosinophilic esophagitis, amyloidosis, sarcoidosis)
  Iatrogenic (post gastric banding, post vagotomy)
  Medications
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Respiratory symptoms occur in achalasia patients approximately 20–40% of the 
time, including cough, asthma, and sore throat, likely caused by chronic aspiration 
[35, 39]. The symptoms may be more common at night due to recumbent position.

Weight loss may be a late finding, as most patients will resort to dietary modifi-
cation to ameliorate their dysphagia. Rapid weight loss should heighten clinical 
suspicion of pseudoachalasia, the incidence of which may be as high as 2–4%. 
These patients usually present as an older population, with a shorter history of dys-
phagia [40].

The Eckardt score is a standardized scoring system for achalasia based on clini-
cal symptoms to provide an objective quantitative measure of clinical severity [41]. 
It was initially developed to assess clinical improvement after pneumatic dilation. 
Depending on the frequency of esophageal symptoms (dysphagia, regurgitation, 
retrosternal pressure sensation), individual scores between 0 and 3 (never, occasion-
ally, daily, with each meal) are added up. Additional scores of 0–3 for weight loss 
(none, <5  kg; 5–10, >10) are added as well, for a total maximum score of 12. 
Clinical stages were defined based on the score: stage 0, 0–1; stage 1, 2–3; stage 2, 
4–6; and stage 3, >6. The scoring system has been validated to assess posttreatment 
symptoms [42]. A score of 0–1 suggested successful treatment and remission; fail-
ure is defined as stage 2 and 3. The pre-treatment Eckardt score of ≥9 has also been 
found to be associated with primary failure after peroral endoscopic myotomy as 
well as recurrence [43].

 Diagnostic Studies

 Barium Swallow

The barium swallow study is the best initial diagnostic study to assess esophageal 
structure and function, with the benefit of being low cost and widely available. 
High-quality visualization of the mucosa may be accomplished with the addition of 
effervescent solution to provide both air and liquid contrast. Esophageal motility 
can also be assessed by obtaining single swallows of contrast from the cervical 
esophagus to emptying through the EGJ. Timed spot films can also be taken at 1, 2, 
and 5 min after swallowing a set volume of barium. This timed barium swallow 
allows for assessment of delayed esophageal emptying, which in normal individuals 
should occur in less than 1 min. The addition of a solid phase such as bread to the 
standard liquid barium swallow may increase the overall yield, especially in those 
with symptoms of solid food dysphagia.

Tapered narrowing at the EGJ or the classic bird’s beak appearance may be seen 
in achalasia along with a dilated esophageal body (Fig.  33.1). Due to the outlet 
obstruction, a constant column of air fluid level may be seen, as hydrostatic pressure 
drives emptying of barium through the narrowed EGJ. This height is usually propor-
tional to the severity of achalasia. Whereas primary and secondary peristalses are 
initiated by deglutition and focal distension of the esophageal body, respectively, 
tertiary contractions are nonpropulsive events and may be seen on barium swallow 
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in vigorous achalasia and presbyesophagus. Epiphrenic diverticulum can also some-
times be seen.

The severity of achalasia can be graded based on esophageal diameter on radio-
logic findings: early achalasia (<4 cm), moderate achalasia (4–6 cm), and severe 
achalasia (>6 cm) [44]. This third and final stage of achalasia as described by Ellis 
is characterized by progressive deterioration including malnutrition, severe weight 
loss, and respiratory complications [23]. On barium swallow this is typified by mas-
sive dilation, elongation, and tortuosity as a sigmoid esophagus.

Sensitivity for diagnosing DES on barium swallow is lower than achalasia as the 
condition is usually intermittent. Classic findings include corkscrew or rosary-bead 
appearance; however, nonspecific findings of delayed esophageal emptying may be 
more commonly seen.

Nutcracker/jackhammer esophagus is characterized by high-amplitude, but oth-
erwise normal, peristalsis and will have normal barium swallow findings.

 Endoscopy

Esophagogastroduodenoscopy with biopsies should be performed in patients with 
dysphagia to rule out pseudoachalasia/malignancy, esophagitis secondary to GERD, 
hiatal hernia, and eosinophilic esophagitis. Other mechanical obstructive lesions, 
such as esophageal strictures, webs, and rings, may be identified and potentially 
amenable to concurrent endoscopic dilation. Endoscopic ultrasound may be benefi-
cial in select cases with high suspicion of pseudoachalasia.

Fig. 33.1 Barium 
esophagram of a patient 
with achalasia with bird’s 
beak appearance
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Depending on severity, patients with achalasia will have findings of esophageal 
dilation, liquid pooling with undigested food/pills, and difficulty traversing across 
the EGJ. Tortuosity and epiphrenic diverticula may also be seen in advanced stages.

 pH Study

In patients with dysphagia and heartburn, pH studies may sometimes be obtained 
demonstrating acid exposure of the distal esophagus. It is important to distinguish 
between lower pH environments due to GERD versus fermentation from esopha-
geal stasis secondary to achalasia. In the classic acid reflux, several sharp spikes will 
be seen on the pH tracing associated with episodes of reflux. In fermentation sec-
ondary to stasis from achalasia, a slow, gradual drop in pH may sometimes be seen 
following a meal (Fig. 33.2).

 Computed Tomography

Computed tomography of the chest and abdomen may be useful in the evaluation 
for extrinsic compression or with clinical suspicion of pseudoachalasia.

Time

Time

4

4

pH

pH
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Fig. 33.2 Typical pH 
study tracing patterns in 
GERD and achalasia. (a) 
Gastroesophageal reflux 
disease characterized by 
multiple sharp spikes. (b) 
Achalasia with slow 
gradual decline in pH due 
to acidic fermentation after 
a meal due to stasis
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 Manometry

Esophageal manometry is a functional study by positioning intraluminal pressure 
sensors throughout the entire length of the esophagus. Conventional manometry is 
comprised of multiple water-perfused sensors placed 3–5 cm apart and performed 
in the supine position to avoid confounding factors of gravity and hydrostatic pres-
sure. Impedance testing can be done concurrently to detect bolus passage by mea-
suring the different resistance of air, liquid, and esophageal mucosa.

High-resolution manometry has largely replaced conventional manometry as it 
provides a continuum of intraluminal pressure monitoring using 36 solid-state sen-
sors. Additionally, the study may be performed in the upright position, which is 
more physiologic to assess deglutition. The results are intuitively depicted as an 
esophageal pressure topography (EPT) that plots the length of the esophagus over 
time, with pressure color coded to provide isobaric contour data. In a randomized 
controlled trial comparing conventional and HRM, a diagnosis was more frequently 
established with HRM, with a higher sensitivity for diagnosing achalasia [45].

To accurately interpret findings on HRM, it is necessary to be familiar with some 
of the key features on the EPT plot. In a normal plot, there are two constant high- 
pressure zones at rest that designate the upper and lower esophageal sphincters 
(LES). There are also two troughs in a normal peristaltic wave, one proximal and 
one distal. There is an inflection point in the peristaltic wave where deglutition 
slows down (within 3 cm of the EGJ) that is represented by the contractile decelera-
tion point (CDP) (Fig. 33.3).

Main findings regarding the EGJ on HRM are the EGJ morphology and the inte-
grated relaxation pressure (IRP). The imprinted pressures from the LES and dia-
phragmatic hiatus (visible with respiration) determine the EGJ.  Hiatal hernia is 
present when the diaphragmatic pinch of the hiatus and LES pressure zones are 
separated by more than 2 cm. The IRP is measured as the mean of the 4 s of the 
maximal LES relaxation within the 10-s relaxation window after swallow is initi-
ated. Normal IRP is less than 15 mmHg, whereas consistently high IRPs with mul-
tiple swallows indicate failure of LES relaxation [46].

Characteristics of the esophageal body on HRM include peristaltic integrity, dis-
tal latency (DL), and distal contractile integral (DCI). Peristaltic integrity may be 
described as an intact peristalsis or fragmented (<5 cm break) based on breaks seen 
in the 20 mmHg isobaric contour. DL is the period of quiescence between the initia-
tion of deglutition at the upper esophageal sphincter and the CDP. A shortened DL 
(<4.5 s) is indicative of premature contraction. A standardized measurement of the 
contractile vigor is the DCI, which is measured as the product of length, time, and 
amplitude above 20 mmHg between the proximal and distal troughs. Normal values 
are spread over a wide range – from 450 to 8000 mmHg-s-cm. Elevated values indi-
cate hypercontractile esophagus [46] (Table 33.2).

High-resolution manometry has significantly improved diagnosis of achalasia by 
providing a detailed functional assessment of the esophagus, specifically EGJ relax-
ation and IRP. Using an IRP above 15 mmHg to detect achalasia, HRM had a sensi-
tivity and specificity of 98% and 96%, respectively [47]. In 2008, Pandolfino et al. 
published a classification system for achalasia based on HRM findings, subdividing 
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patients into three categories [48] (Fig. 33.4). Type I (classic) achalasia is character-
ized by no distal esophageal pressurization in at least eight swallows out of ten. In 
type II achalasia, there is panesophageal pressurization greater than 30 mmHg in 
two or more swallows. Type III (spastic) achalasia has two or more spastic contrac-
tions without evidence of peristalsis. These spastic contractions are distinguished 
from type II pressurization by rapid contractions and shortened DL. Chest pain was 
more common in type II and III compared to type I. The subclassification had prog-
nostic value to treatment modalities, with type II being most responsive to myotomy 
and dilation. Type I patients had better outcomes with myotomy as initial treatment 
compared to endoscopic therapy. Type III had the worst outcomes regardless of 
treatment with Botox injection, endoscopic dilation, or surgical myotomy [48]. In 
2010, these results were externally validated in patients who underwent Heller 
myotomy with Dor fundoplication as primary treatment. The study demonstrated 
that higher failure rates were seen in type III achalasia patients, as well as in those 
with LES resting pressure >30 mmHg [49]. HRM can also be used to evaluate sec-
ondary achalasia (Fig. 33.5), as well as provide detailed information after treatment 
(Fig. 33.6).

Fig. 33.3 Esophageal pressure topography of a normal swallow. Two high-pressure zones charac-
terized by the upper esophageal sphincter (UES) and the esophagogastric junction (EGJ). Two 
troughs are visualized, one proximal (P) and one distal (D). The contractile deceleration point 
(CDP) is marked by the inflection point between the initial and terminal portions of the swallow. 
The EGJ relaxation window is a 10-s time-period, which occurs after deglutition
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Table 33.2 Abnormal 
esophageal contractile 
patterns

Contraction vigor
  Failed: DCI <100 mmHg-s-cm
  Weak: DCI between 100 and 450 mmHg-s-cm
  Hypercontractile: DCI ≥8000 mmHg-s-cm
Contractile pattern
  Premature: DL <4.5 s and DCI >450 mmHg-s-cm
  Fragmented: large break (>5 cm) in 20 mmHg isobaric 

contour with DCI >450 mmHg-s-cm

Modified from Chicago Classification, v.3 [46]

a

b

c

Fig. 33.4 High-resolution 
manometry of achalasia 
subtypes. In all cases there 
is failure of relaxation of 
the esophagogastric 
junction (EGJ) 
(IRP > 15 mmHg) and 
aperistalsis. (a) In type 1, 
there is absence of 
pressurization with wet 
swallows. (b) In type 2, 
there is panesophageal 
pressurization caused by 
intrabolus pressure. (c) 
Type 3 achalasia is 
characterized by premature 
spastic contractions, 
defined as distal latency 
less than 4.5 s. EGJ 
esophagogastric junction, 
DL distal latency, IRP 
integrated relaxation 
pressure, UES upper 
esophageal sphincter
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Fig. 33.5 Esophageal pressure topography in a patient with a long-standing history of gastric 
band presenting with dysphagia and demonstrating aperistalsis and no pressurization. EGJ esopha-
gogastric junction, IRP integrated relaxation pressure, UES upper esophageal sphincter

Fig. 33.6 Esophageal pressure topography in a type 3 achalasia patient after incomplete myot-
omy and a tight Dor fundoplication, characterized by residual spastic contractions above the level 
of the myotomy and an elevated IRP. EGJ esophagogastric junction, IRP integrated relaxation 
pressure, UES upper esophageal sphincter
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In an effort to characterize other esophageal motility disorders based on HRM 
findings, the International High-Resolution Manometry Working Group developed 
the Chicago classification (Table 33.3). It was initially published in 2012 [50], with 
the most recent revision (version 3.0) in 2015 [46]. It utilizes a hierarchal approach 
to sequentially evaluate for outflow disorders of the EGJ and other major and minor 
disorders of peristalsis. The algorithm is primarily based on the IRP, peristaltic 
integrity, and contractility patterns. Elevated IRP ≥15 mmHg with aperistalsis is 
diagnostic of achalasia, while partial peristaltic function raises suspicion for EGJ 
outflow obstruction such as mechanical obstruction or incompletely expressed 
achalasia. Other disorders of peristalsis that do not fall into the above categories are 
further stratified. DES is defined by at least 2 of 10 swallows demonstrating short-
ened distal latency of less than 4.5 s. Jackhammer esophagus is characterized by 
extreme contraction vigor with DCI >8000 mmHg-s-cm in at least two of ten swal-
lows and is pathologically associated with dysphagia and noncardiac chest pain. 
Previous DCI values that were used to define nutcracker esophagus are now known 
to be within the limits of normal values in asymptomatic individuals (450–
8000 mmHg-s-cm); thus this condition of hypertensive peristalsis is of unknown 
clinical significance and has been omitted in the most recent version of Chicago 
classification. Other miscellaneous disorders of peristalsis include absent contractil-
ity, ineffective motility, and fragmented peristalsis.

Table 33.3 The Chicago 
classification hierarchical 
analysis

1.  IRP ≥15 mmHg and 100% failed peristalsis or spasm 
(disorder of EGJ outflow obstruction)

  (a) Achalasia
   (i) Type I: no contractility
   (ii) Type II: ≥20% panesophageal pressurization
   (iii) Type III: ≥20% spasm (DL <4.5 s)
2.  IRP ≥15 mmHg, some intact/weak peristalsis (disorder of 

EGJ outflow obstruction)
  (a) EGJ outflow obstruction
   (i) Incompletely expressed achalasia
   (ii) Mechanical obstruction
3.  IRP normal and short DL or high DCI or aperistalsis (other 

major disorders of peristalsis)
  (a) Diffuse esophageal spasm: ≥20% premature (DL <4.5 s)
  (b) Jackhammer esophagus: ≥20% DCI >8000 mmHg-s-cm
  (c)  Absent contractility (100% failed peristalsis): consider 

achalasia
4.  IRP normal and ≥ 50% ineffective swallows (minor disorders 

of peristalsis)
  (a) Ineffective motility (IEM)
  (b)  Fragmented peristalsis: ≥50% fragmented swallows and 

not effective
5. IRP normal and > 50% effective swallows (normal)

Modified from Chicago Classification, v.3 [46]
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34Medical Management of Achalasia

Luise I. M. Pernar

Achalasia is a primary esophageal motility disorder. Achalasia is characterized by 
the failure of the lower esophageal sphincter (LES) to relax normally when a food 
bolus is propelled down the esophagus. Long-standing failure of LES relaxation 
leads to disordered esophageal peristalsis and esophageal dilation. Patients present 
with progressive dysphagia, first to solid and then progressing to even liquid food. 
Chest pain, regurgitation, and sensation of heartburn can also be present. The dis-
ease is rare, affecting between 1 and 3  in 100,000 new patients annually. The 
prevalence of achalasia is estimated near 1  in 10,000 patients. The incidence in 
men and women is similar; there is no racial group that is more frequently affected 
than another; and diagnosis is typically made between the third and sixth decade 
of life [1, 2].

The failure of the LES to relax is due to the near total or total loss of the normal 
myenteric plexus ganglion cells in the distal esophagus [3]. Evidence suggests that 
this loss is due in large part to an autoimmune process [4], but there may also be a 
hereditary or infectious component [2]. Additionally, patients with achalasia seem 
to have abnormal nitric oxide signaling or production, leading to failure of LES 
relaxation [1, 5].

All treatment modalities for achalasia are palliative, and none can reverse the 
underlying abnormalities. Medical management of achalasia specifically aims to 
decrease LES tone to allow esophageal emptying with gravity and thereby relieving 
the bothersome symptoms of achalasia. The classes of medications most frequently 
used are calcium channel blockers and nitrates. Aside from these major classes of 
medications, a variety of other smooth muscle relaxants have been used in an effort 
to ameliorate achalasia, including anticholinergic and beta-adrenergic medications 
as well as selective and nonselective phosphodiesterase inhibitors.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96122-4_34&domain=pdf
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 Calcium Channel Blockers

Calcium channel blockers act on calcium channels that are normally responsible for 
facilitating intracellular influx of calcium that is necessary for normal contraction to 
occur. Adverse effects include headaches, palpitations, headaches, and peripheral 
edema. Some gastrointestinal side effects, including nausea and vomiting, have also 
been described [6].

Nifedipine is the most well-studied calcium channel blocker employed in the 
treatment of achalasia. In numerous studies, including randomized controlled trials, 
nifedipine, at doses between 10 and 20 mg orally with meals, has been shown to 
decrease LES pressure by between 13% and 68% and improve symptoms by 
53–80% [7, 8]. Effects occur between 10 and 30 min after administration and may 
last for up to 2 h [7].

With a relatively favorable side-effect profile when compared to nitrates, calcium 
channel blockers currently represent the mainstay of medical palliation of 
achalasia.

 Nitrates

Nitrates are converted to nitric oxide after ingestion. They work by altering cyclic 
guanosine monophosphate (cGMP). Increased cGMP in turn decreases intracellular 
calcium, which contributes to smooth muscle relaxation. Adverse effects include 
headaches and hypotension [6].

Isosorbide dinitrate has not been evaluated in randomized trials, but studies show 
that its use can decrease LES pressure by 49–66% and improve symptoms by 
58–87%. The typical dose is 5 mg orally with meals. Improved esophageal empty-
ing has also been demonstrated [7, 8]. The onset of action is within 15 min and lasts 
between 60 and 90 min [7]. Even though nitrates are more efficacious than calcium 
channel blockers, their side effects are less well tolerated. Furthermore, tolerance 
may develop, limiting the usefulness of nitrates in management of achalasia.

 Phosphodiesterase Inhibitors

Phosphodiesterase inhibitors (PDE) prevent the degradation of intracellular cyclic 
adenosine monophosphate (cAMP) and cGMP. As stated, this decreases intracellu-
lar calcium stores, promoting relaxation. Specific phosphodiesterase inhibitors that 
target the isoform 5-phosphodiesterase (PDE-5) specifically prevent changes spe-
cifically in cGMP.  Concurrent use of nitrates and phosphodiesterase inhibitors 
potentiates the relaxing effects of these medications. Adverse effects include hypo-
tension. If used with nitrates, hypotension can be profound and potentially life- 
threatening [6].

One study of the nonselective PDE aminophylline showed a decrease in LES 
pressure within 10 min of administration. The authors did not report a mean decrease 
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in pressure but did report that if pressure decreased by more than 25%, which 
occurred in 4 of 15 patients, the mean decrease in pressure was around 45%. 
Esophageal emptying was unchanged [9].

More recently attention has been turned to more selective PDEs, specifically the 
PDE-5 sildenafil. Administration of 50 mg sildenafil decreased LES tone, residual 
pressure, and also esophageal contractions. LES tone decreased by roughly 50%. 
The effect was reached within 10–15 min and lasted for less than 1 h. Symptoms 
were not monitored [10].

At this time not enough is known about PDEs’ effect on achalasia to recommend 
their use over that of calcium channel blockers.

 Anticholinergics

Anticholinergic drugs selectively block the nicotinic or muscarinic acetylcholine 
receptors. Antimuscarinic anticholinergics, such as atropine, inhibit acetylcholine 
signaling, which results in smooth muscle relaxation, among other effects. These 
medications can act as cardio-stimulants and can cause tachycardia. Dry mouth, 
blurry vision, and flushing are other common side effects [11].

In nonrandomized trials, anticholinergics have been shown to have variable 
effects on the LES pressure. There is not enough data available to support their 
routine use over the previously mentioned alternatives [7, 8].

 Beta-Adrenergics

Beta-adrenergic medications act directly on the beta adrenergic receptors to cause 
sympathomimetic effects. The beta-adrenergic medications of use in achalasia are 
specifically beta-2 agonists. Activation of these receptors results in relaxation of 
smooth muscle through cAMP signaling. Hypokalemia and tremors are among the 
described side effects [12].

The beta-adrenergic drug terbutaline was evaluated alongside aminophylline and 
showed slightly more efficacy in decreasing LES pressure, achieving a greater than 
25% decrease in 8 of 15 patients with a mean decrease in that group of 43%. 
Likewise, esophageal emptying was improved. The effects were seen within 
10–20 min of administration and lasted for around 1 h [9].

In the absence of more data, as with anticholinergics, routine use over calcium 
channel blockers should not be recommended.

 Summary

Several drug classes have been shown to be efficacious in the palliation of achalasia, 
reducing LES pressure and improving symptoms. The best-studied and understood 
class are the calcium channel blockers. While nitrates are perhaps slightly more 

34 Medical Management of Achalasia



408

efficacious, the more favorable side-effect profile of calcium channel blockers 
makes them first-line medical therapy. Overall, however, it remains true that medi-
cal therapy for achalasia have limited utility in the treatment algorithm for achala-
sia. They should be considered for patients with minimally symptomatic disease or 
those who cannot or will not tolerate an intervention. Additionally, medications can 
be used as a bridge to more definitive intervention [7, 13, 14].
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Botulinum Toxin and Pneumatic Dilation
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 Introduction

Achalasia is the most common primary motility disorder of the esophagus. It is 
characterized by impaired relaxation of the lower esophageal sphincter (LES) and 
absent peristalsis of the esophageal body during deglutition. The incidence of acha-
lasia is 1 in 100,000 individuals annually with a prevalence of 10 in 10,000 [1, 2]. It 
affects both men and women equally and has no racial predilection [3]. Diagnosis 
should be confirmed with high-resolution manometry only after obstruction and 
pseudoachalasia are excluded with esophagogastroduodenoscopy (EGD) [4]. 
Endoscopically there is often a dilated esophagus with puckering of gastroesopha-
geal junction (Fig. 35.1).

Patients with achalasia most often present with dysphagia or difficulty in swal-
lowing. Other symptoms include chest pain, regurgitation, odynophagia, aspiration, 
weight loss, and malnutrition [1, 2]. If left untreated, achalasia may progress to 
“end-stage” disease marked by a severely dilated esophagus, progressive stasis, 
increased risk of esophageal squamous cell carcinoma, and the need for esophagec-
tomy [5]. The increased tonicity of the LES is caused by the loss of inhibitory inter-
neurons in the myenteric plexus involved in facilitating LES relaxation during 
deglutition [6]. The etiology of neuronal disruption may be secondary to viral infec-
tion or autoimmune reaction in patients with an underlying genetic susceptibility 
[6–9]. Despite ongoing investigations of pathophysiology and etiology, there is no 
cure for achalasia.
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Thus, treatments should aim to relieve symptoms and preventing disease pro-
gression by decreasing LES hypertonicity, reducing functional obstructions, and 
facilitating esophageal emptying. This may be achieved through pharmacological, 
endoscopic, or surgical methods. The choice of treatment depends on the patient’s 
comorbidities, symptom severity, patient preference, and available expertise. In 
general, the two most effective and long-term treatments are pneumatic balloon 
dilation (PD) or surgical myotomy [3]. However, some patients are high-risk surgi-
cal candidates or would prefer less invasive therapies to treat achalasia symptoms.

The two most common nonoperative treatments will be discussed in this chapter: 
botulinum toxin (BT) injections and PD. Both treatment options provide safe and 
efficacious symptom relief to patients who are high-risk surgical candidates or wish 
to avoid surgery. The aim of this section is to provide guidance on patient selection, 
endoscopic instruction, and potential complications of BT injections and PD in the 
treatment of achalasia (Table 35.1).

 Botulinum Toxin Injection

 Background

Botulinum toxin (BT) is a potent paralytic of voluntary and involuntary muscles. 
Derived from the Clostridium botulinum bacteria, it cleaves the SNAP25 protein, 
thereby inhibiting the presynaptic vesicle release of the neurotransmitter acetylcho-
line. Intramuscular injections at the LES will cause relaxation of the smooth muscle 
allowing for easier passage of a food bolus into the gastric body. BT may induce 
additional pro-inflammatory mediators including nitric oxide and tumor necrosis fac-
tor alpha, which may have additional relaxation effects at the site of injection [10].

Historically, BT injection has been used to treat various maladies including muscle 
spasms, migraines, hyperhidrosis, and pain syndromes. Additionally, it has been used 
off-label in various gastrointestinal disorders including gastroparesis, anal fissures, 

Fig. 35.1 Endoscopic view 
of puckered gastroesophageal 
junction in achalasia
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sphincter of Oddi dysfunction, esophageal spasms, and achalasia [11]. BT was first 
studied in 1993 by Pasricha and his colleagues as a potential treatment option for 
achalasia with subsequent validation of symptomatic efficacy and safety [12, 13].

There are eight known serotypes of BT (A, B, C1, C2, D, E, F, and G) with two 
of them, type A and B, approved for medical therapy because of their lasting effects 
of weeks to months. There are three subtype A formulations: Botox (Allergan, 
Irvine, CA), Dysport (Medicis, Scottsdale, AZ), and Xeomin (Merz, Raleigh, NC). 
Type A formulations are prepared as a powder and require reconstitution with nor-
mal saline prior to injection (Fig. 35.2). Dosing recommendations in this chapter 
will refer to Botox as it is the most commonly used and well-studied formulation.

One type B formulation, Myobloc (Solstice, Louisville, KY), is approved for 
medical therapy. It is prepared as a vial containing 5000 units/mL in a sterile solu-
tion that also requires dilution in normal saline prior to injection. Although BT types 
A and B have similar reports of efficacy, animal studies generally show BT type A 
as having a longer duration of action [14]. The various BT subtypes and formula-
tions have different potency requiring distinct dilutions; thus providers should be 
mindful of manufacturer instructions prior use.

 Patient Selection and Outcomes

BT injection is a safe and efficacious treatment option for patients who may not be 
candidates for PD or surgery. Multiple studies have identified age > 40 years and 
manometric type II or III achalasia as favorable outcome variables [15–17]. 
Interestingly, pretreatment LES pressure, amplitude of contractions, and duration of 
symptoms do not predict BT treatment response. Posttreatment, a decreased LES 
pressure is a predictor of favorable symptom response [15]. However, many report 
symptomatic improvement without physiologic changes.

Most patients have symptom relief within the first month of BT injection, 
reported as high as 80–90% [15–18]. However, over 50% of patients will have a 

Table 35.1 Pros and cons of botulinum toxin injection and pneumatic dilation

Treatment Optimal patients
Remission 
duration Pros Cons

Botox 
injections

Nonsurgical 
candidates

6–12 months Operator friendly Repeated 
treatments needed

Elderly Mild and rare 
complicationsType II or 

vigorous achalasia
Pneumatic 
dilation

Must be surgical 
candidate

2–5 years Efficacious and 
durable

Requires expertise

Younger Cost-effective Surgery backup 
required

Type II or 
vigorous achalasia

Repeated 
treatments needed
Perforation risk 
2–5%
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a

c

b

Fig. 35.2 (a) Botulinum toxin A (Botox) 100 units manufactured for injection in achalasia. (b) 
The vial containing botulinum toxin A (Botox) 100 units. (c) Thick film of botulinum toxin A at 
the bottom of the vial which should always be refrigerated
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return of symptoms within 1 year. Thus, repeated injections are often needed at 6- to 
24-month intervals as determined by symptoms [15–18]. Significant data evaluating 
long-term success of repeated BT injections is lacking. However, remission rate 
may range from 30% to 68% at 24 months [15, 18]. Elderly patients have a longer 
period of symptom relief, up to 1–2 years after a single injection when compared to 
younger patients [19]. Patients respond well to 80–100 units of Botox per session, 
with 20–25 units injected into four separate areas of the LES. Increasing Botox dose 
does not result in increased efficacy [18].

Importantly, repeated BT injections may cause localized fibrosis and increase the 
risk of perforation in patients undergoing subsequent PD or surgical myotomy. A 
study by Sweet et al. showed that preoperative treatment with BT was the only fac-
tor associated with poor outcomes postmyotomy [20]. Although, this area is contro-
versial. Given less than optimal long-term efficacy and potential for complications 
of future PD or myotomy, BT injection should not be offered as initial treatment for 
any patient with achalasia who is a candidate for more definitive therapy. BT should 
be reserved for achalasia patients unlikely to undergo future PD or surgical myot-
omy or for those where the diagnosis is in question, and a response to BT might help 
determine if to proceed with more definitive therapy.

 Endoscopic Steps

• Position the sedated patient in the lateral decubitus position as in preparation for 
an upper EGD.

• Confirm the BT type, manufacturer, and dilution instructions.
• Prepare the Botox solution by mixing 80–100 units of BT powder into 5–10 ml 

normal saline and draw into a 5 mm sclerotherapy needle.
• Advance the endoscope into the esophagus using direct visualization to rule out 

obstruction or pseudoachalasia. Gastric aspiration or lavage should be performed 
if retained food is found in the esophagus.

• Introduce the sclerotherapy needle through the accessory channel of the 
endoscope.

• Visualize the Z-line and squamocolumnar junction. Within 1 cm of the z-line, 
deploy the needle at 45 degrees to the surface of the esophagus.

• Inject 20–25  units of Botox (~1–2  ml) intramuscularly into each of the four 
quadrants of the LES. Use 80–100 units total.

• Confirm significant resistance during injection to verify intramuscular place-
ment. Little resistance may imply injection into a superficial layer or through the 
esophageal wall.

 Follow-Up and Complications

BT injections are outpatient procedures, and patients may be discharged 2–6 h post- 
intervention. Patient should be monitored for resolution of sedation and tolerate 
liquids without severe pain or coughing. Complications with BT injections are mild 
with transient side effects including chest discomfort (16–25%) or reflux (<5%) [3]. 
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Serious complications are exceedingly rare and include mucosal ulceration, pleural 
effusion, mediastinitis, and allergic reactions to the egg-based protein [21]. BT 
injection does not increase esophageal perforation risk and is well tolerated even in 
patients with significant comorbidities [22–24].

 Pneumatic Dilation

 Background

Pneumatic dilation is the most effective nonsurgical treatment option for patients 
with achalasia [3]. The goal of PD is to limit symptom severity and delay disease 
progression through mechanical disruption of the LES smooth muscle fibers. A 
polyethylene balloon is endoscopically deployed and filled with air creating enough 
radial pressure to fracture the muscularis propria. This decreases the hypertonicity 
of the LES, thus promoting esophageal emptying through gravity and improved 
peristalsis of food into the gastric body.

Forceful esophageal dilation was first reported by Sir Thomas Willis in 1674 
when he used a sponge-tipped whalebone to dilate a tight LES [25]. Rigid dilators 
were used for centuries to treat esophageal strictures, obstruction, spasms, and 
symptoms of dysphagia. The technique was modernized when rigid dilators were 
modified with expandable balloons filled with water or air [25, 26]. Balloon dilators 
are less traumatic than rigid dilators as they only exert radial forces to the LES as 
opposed to axial forces throughout the esophagus. PD became the preferred dilation 
treatment in the 1980s as they can generate the 7–15 pounds per square inch (psi) 
needed for successful disruption of the LES smooth muscle fibers [25, 26].

Modern pneumatic dilators have sizes ranging from 3.0 to 4.0  cm. The most 
widely used balloon dilator is the Rigiflex (Boston Scientific, Marlborough MA) 
(Fig. 35.3a, b), a nonradiopaque polyethylene balloon that comes in three different 
diameters (3.0, 3.5, and 4.0 cm). Although deployment under fluoroscopy is recom-
mended, direct visualization during endoscopy has gained popularity and appears to 
be equally effective (Fig. 35.3c) [27, 28].

Key Points
• BT injection is safe and efficacious short-term treatment for patients who 

are not candidates for pneumatic dilation or surgical myotomy.
• Twenty to twenty-five units of Botox total are injected into each of the four 

quadrants of the LES per session, 100 units total.
• Most patients (80–90%) experience short-term relief, but more than 50% 

of patients will have return of symptoms within 12 months. Most patients 
will need repeated BT injections for continued symptom control.

• Complications are mild and include chest discomfort (20%) or reflux 
(<5%). Patients may be discharged the same day after being observed for 
2–6 h.
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a

b

c

Fig. 35.3 (a) Pneumatic 
dilation assembly using the 
Rigiflex balloon and 
pressure gauge. (b) An 
example of inflated 3.5 cm 
Rigiflex balloon. (c) 
Pneumatic dilation 
employing the direct 
endoscopic method 
whereby the correct 
positioning of the balloon 
is confirmed 
endoscopically based on 
approximation of the two 
markers next to the 
gastroesophageal junction 
visualized through the 
balloon
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 Patient Selection and Outcomes

Pneumatic dilation is the preferred nonoperative treatment for patients as it pro-
vides good symptom relief and durability over a 5- to 10-year period. Patients 
may benefit from a single dilation session using a 3.0 cm balloon with one cross-
sectional study with 62% showing symptomatic response at 6 months and 28% 
after 2 years [29]. However, we recommend a serial graded approach by repeating 
dilations every 4–6  weeks with increasing balloon diameters at 3.0 to 3.5 to 
4.0  cm if symptoms persist. The same cross-sectional study showed a 90% 
response rate at 6 months and 44% at 6 years [29]. One large review analyzed 
1144 patients who underwent serial dilations over a 19-month period with increas-
ing balloon diameters: 3.0 cm followed by 3.5 cm and 4.0 cm. They found increas-
ing remission rates of 74%, 86%, and 90%, respectively [30]. Other studies have 
also shown impressive long-term remission rates of 50–89% of patients over a 
4-year mean follow-up interval [30–32]. Zerbib et al. showed that repeated PD 
provided remission in 96.8% of patients at 5  years and 93.4% of patients at 
10 years [33].

Predictors of favorable clinical response include older age (>45 years old), 
female gender, a narrow esophagus, and type II pattern on HRM.  Younger 
males may benefit from initial dilation of 3.5 cm if little resistance found in 
3.0 cm dilation [3, 29]. Posttreatment predictors of success include decreased 
pressure of LES <10 mmHg, rapid recovery of symptoms, and visual confirma-
tion of LES dilation [34, 35]. Perhaps the most powerful predictor of graded PD 
therapy success is patient symptomatic response in concordance with a post-
procedural timed barium esophagram. Vaezi et al. found that 77% of patients 
who had improved symptoms and a barium column height of <5 cm remained 
symptom-free after 6 years. However, almost all patients with improved symp-
toms but a barium column height >5 cm had a return of symptoms after just 
12 months [36].

Repeated dilations can be safely performed every 4–6 weeks as determined by 
manometry, radiographic studies, and recurrence of symptoms. The Eckardt score is 
a useful quantitative method used to gauge symptom severity over time [37, 38]. 
Using the graded approach, many patients can remain in remission for 5–10 years. 
If patients continue to have symptoms, surgical options should be explored, particu-
larly in younger patients who may respond more favorably [3].

 Endoscopic Steps

• Position the sedated patient in the lateral decubitus position as in preparation for 
an upper EGD.

• Inflate the Rigiflex balloon to check leaks or malfunction.
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• Advance the endoscope into the esophagus using direct visualization to rule out 
obstruction or pseudoachalasia. Gastric aspiration or lavage should be performed 
if retained food is found in the esophagus. Take note of the distance between the 
incisors and LES.

• Introduce a guidewire through the accessory channel of the endoscope  
and into the stomach. Carefully remove the endoscope leaving the guidewire in 
place.

• Advance the deflated balloon over the guidewire until the center of the balloon is 
positioned across the LES opening. This should be the same distance from the 
incisors previously noted during endoscopy.

• After confirming placement (by fluoroscopy or endoscopy), attach the balloon to 
a pressure gauge and inflate to apply 10–15 psi over 15–60 s.

• Deflate the balloon and remove the balloon and guidewire.
• Visualize the distal esophagus for impact of dilation and examine for possible 

perforation.
• If perforation suspected, be prepared to place a fully covered esophageal stent 

and admit patient to hospital, start IV fluids and broad-spectrum antibiotics, and 
consult thoracic surgery as in some cases surgery may be needed.

• Otherwise discharge patient home with symptom follow-up in 1 month.

 Follow-Up and Complications

Pneumatic dilation is an outpatient procedure, and patients may be discharged the 
same day. Potential complications include chest discomfort, aspiration pneumonia, 
transient fever, or intramural hematomas [39]. Up to 35% of patients may experi-
ence gastroesophageal reflux disease post-therapy and should be treated with a 
proton pump inhibitor [40]. Patients should be observed for 2–6 h and monitored 
for severe pain, coughing, or inability to tolerate liquids which may indicate an 
esophageal perforation, the most serious potential complication with an incidence 
rate of 2–5% [3].

It is important to recognize esophageal perforations and treat them early. Most 
perforations are small and may be managed with observation, antibiotics, or 
stents. However, about 1% of perforations may cause gross contamination of the 
mediastinum requiring surgical repair [41]. Therefore, all patients considering 
PD should be aware of this risk and be eligible surgical candidates. There are no 
predictors of perforation, but the risk may increase with repeated dilations, age 
over 60 [41], initial balloon diameter of 3.5 cm (as opposed to 3.0 cm) [42], and 
improper positioning across the LES [43]. It is recommended that patients 
undergo post- procedural radiographic testing with a water-based contrast (gas-
trografin) followed by a timed barium esophagram for both diagnostic and prog-
nostic purposes [3].
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 Treatment Comparisons

Multiple randomized controlled trials (RCTs), with or without blinding, have been 
published directly comparing the efficacy of BT injections and PD (Table 35.2). A 
comprehensive Cochrane review by Leyden et al. in 2014 included seven studies in 
a meta-analysis with the primary endpoints of symptom relief at 4 weeks, 6 months, 
and 12 months [23]. There was no significant difference between remission rates 
within 4 weeks of intervention. However, at 12 months, PD patients had signifi-
cantly higher remission rates when compared to those treated with BT injections. 
Overall, PD has improved clinical efficacy and is the preferred nonoperative treat-
ment in the long term [3, 23, 44]. BT injections and PD are comparable in total cost 
over a 5-year period, $7011 and $7069, respectively. However, a 2002 
cost- effectiveness study found that PD is more cost-effective with an incremental 
cost- effectiveness ratio of $1348 per quality adjusted life year [45].

Table 35.2 Randomized controlled trials directly comparing the efficacy of endoscopic pneu-
matic dilation and Botox injections

Author Year
1-month remission 6-month remission 12-month remission
PD % (n) BT % (n) PD % (n) BT % (n) PD % (n) BT % (n)

Vaezi et al. 1999 70% (20) 80% (20) – – – –
Ghoshal 
et al.

2001 – – 80% (10) 29% (7) 70% (10) 29% (7)

Mikaeli 
et al.

2001 – – 74% (19) 25% (20) 53% (19) 15% (20)

Bansal 
et al.

2003 94% (18) 75% (16) – – 89% (18) 38% (16)

Zhu et al. 2009 – – 86% (28) 76% (29) 71% (28) 55% (29)

PD pneumatic dilation, BT botox injection, % percentage, n number of participants

Key Points
• Pneumatic dilation is the most preferred non-operative treatment for 

achalasia.
• We recommend a graded dilation strategy. Start with a 3.0 cm diameter 

balloon and increase to 3.5  cm or 4.0  cm as indicated by symptoms, 
manometry, and radiographical studies. (Males less than 45 years of age 
may need to be started with 3.5 cm size balloon first.)

• Repeated dilations have remission rates between 50% and 89% over 
4 years. Many patients may have remission for up to 10 years, although the 
efficacy of repeated dilation may diminish over time.

• Esophageal perforation incidence approaches 2% with the graded strategy. 
All patients should be surgical candidates.

• Patients may be discharged 2–6  h post-intervention if no signs of 
complications.
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Long-term outcomes between PD and surgical Heller myotomy have only 
recently been evaluated. Moonen et al. conducted a randomized controlled trial of 
201 achalasia patients initially treated with PD or surgical myotomy and tracked 
symptom relief over a 5-year period. There was no statistical difference between 
treatments (82% vs 85%, respectively, p = 0.92). Of note, 5% of patients undergoing 
PD had esophageal perforations requiring conservative management, while 12% of 
surgical myotomy patients had mucosal tears requiring intraoperative repair [46].

 Conclusions

Achalasia is the most common primary esophageal motility disorder with high 
rates of morbidity. There is no cure for achalasia, so treatment should focus on 
relieving symptoms and deterring disease progression. Ultimately, the choice of 
treatment depends on the patient’s comorbidities, symptom severity, patient pref-
erence, and available expertise. Both BT injections and PD provide safe and 
efficacious nonoperative symptom relief for such patients. Elderly patients or 
those with high surgical risks should be considered for BT injections. However, 
if the patient is a surgical candidate, serial PD treatments and surgical myotomy 
are the two most definitive well-established treatment options. PD should be 
performed at an experienced medical center with surgical backup. Patients who 
do not initially respond to graded PD therapy should be referred for surgical 
myotomy.
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36Surgical Management of Achalasia: 
Laparoscopic Heller Myotomy

Arinbjorn Jonsson and S. Scott Davis Jr.

 Indications

Achalasia is a debilitating disease characterized by absent esophageal peristalsis 
and failed relaxation of the lower esophageal sphincter. All patients with suspected 
achalasia should have a complete work-up including an upper GI series, endoscopy, 
and manometry. These studies are vital to rule out other causes of dysphagia such as 
malignancy, Schatzki rings, neurological causes, etc. While there are several treat-
ment options for the newly diagnosed achalasia patient, it is important to note that 
the mean age of diagnosis is quite young, and most patients are younger than 50. 
Previous chapters have reviewed these topics in detail.

The laparoscopic Heller myotomy with partial fundoplication provides durable 
long-term relief of dysphagia and >90% patient satisfaction after 10 years [1]. It 
remains the gold standard of therapy [2] and should be a consideration in all patients 
fit for surgery. Given the low morbidity rates and excellent long-term outcomes, 
alternative procedures will need to be carefully and prospectively compared to lapa-
roscopic Heller myotomy when evaluated for effectiveness.

 Technique

Preoperatively Once the diagnosis is confirmed, the patient undergoes careful 
medical evaluation. This includes all standard preoperative considerations appropri-
ate for low to moderate risk surgical procedures. Often times, patients with  achalasia 
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have been experiencing retrosternal chest pains and will need concurrent cardiac 
disease ruled out. The nutritional status of the patient should also be carefully con-
sidered. In many cases, there may have been clinically significant weight loss prior 
to surgical consultation. Occasional patients will need consideration for enteric 
supplemental nutrition preoperatively which can be accomplished via percutaneous 
gastrostomy tube, or rarely, hyperalimentation.

Perioperatively All patients will have impaired esophageal clearance which could 
pose an aspiration risk at the time of intubation. The surgical and anesthesia teams 
should be prepared for this possibility. Patients are placed on a clear liquid diet 48 h 
prior to surgery, and rapid sequence intubation is used.

Patients are placed in the supine position with the arms abducted to 80°. 
Pneumatic compression sleeves are placed. The patient is double strapped to the 
operating table with a footboard. Appropriate antibiotics are given prior to skin 
incision.

Access is gained into the abdomen using a 10 mm optical trocar inserted off 
Palmer’s point (left subcostal midaxillary line). In this location the fascia is fixed 
at the costal margin decreasing the chance of visceral injury with port insertion. 
The patient is placed in steep reverse Trendelenburg, and three additional trocars 
are placed. We place a 5 mm left lateral assistant port, 12 mm midline/parame-
dian camera port 15 cm below the xiphoid process, a 5 mm right subcostal work-
ing port, and a subxiphoid incision for the Nathanson liver retractor (Fig. 36.1). 
The surgeon stands on the patient’s right utilizing the two subcostal ports as 

5 mm

5 mm

5 mm

10 mm

10 mm

Fig. 36.1 Port placement 
for laparoscopic Heller 
myotomy
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working ports, and the assistant stands on the patient’s left. Alternatively, the 
patient may be placed in the split-leg position with the operating surgeon stand-
ing between the legs.

 Step 1: Division of Short Gastric Vessels and Dissection  
of Left Crus

We begin the procedure by dividing the short gastric vessels using a bipolar energy 
device. The dissection should begin 1/3 of the way down the greater curvature to 
allow full mobility of the fundus while preserving as much blood supply as possible. 
This dissection is carried out until the left crus of the diaphragm is identified and all 
posterior attachments are freed. The phrenoesophageal ligament is divided, and the 
peritoneum medial to the left crus is entered. The hiatus is freed bluntly and as far 
medially as possible. This will facilitate creation of the retroesophageal window 
from the opposite side.

 Step 2: Dissection of Right Crus, Creation of Retroesophageal 
Window, and Placement of Penrose Drain

The gastrohepatic ligament is opened in the bare area overlying the caudate lobe of 
the liver and continued to the right crus. Often times an accessory left hepatic 
artery is encountered within the gastrohepatic ligament. Preservation should be 
attempted; however, this can make the rest of the procedure cumbersome, and it 
can be ligated without significant consequence. Once the right crus is identified, 
the peritoneum is incised and the retroesophageal space is exposed. A Penrose 
drain is placed through the retroesophageal space and used to facilitate further 
 dissection (Fig. 36.2).

Fig. 36.2 The Penrose 
drain is placed around the 
esophagus to facilitate 
circumferential dissection
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 Step 3: Esophageal Dissection and Division of Fat Pad

With the Penrose in place, a 360°dissection of the esophagus can be completed. 
Care should be taken to avoid injury to the anterior vagus nerve which lies inti-
mately within the longitudinal esophageal muscle fibers and the posterior vagus 
which is more separated. The mediastinal dissection should be continued until at 
least 3 cm of abdominal esophagus is obtained. The esophageal fat pad is then care-
fully dissected to expose the GE junction for preparation of the myotomy, taking 
care to preserve the anterior vagus nerve deep to the fat pad (Fig. 36.3).

 Step 4: Creation of Myotomy

The path of the myotomy is scored using hook electrocautery. Often the anterior 
vagus nerve crosses directly over the trajectory of the myotomy making it neces-
sary to dissect out the nerve to allow for retraction while performing the myot-
omy. It is important to perform a full myotomy encompassing 4–5 cm of distal 
esophagus and extending to 2–3 cm on the cardia of the stomach. A point 1–2 cm 
proximal to the GE junction is chosen, and the muscular layers are carefully dis-
sected. First longitudinal and then circular fibers are divided exposing the 
mucosa. We have found hook cautery combined with bowel graspers to be ideal 
for this dissection. The bowel graspers provide traction and countertraction 
across the line of the myotomy giving tension to the tissues. This tension allows 
the hook to be used to elevate fibers easily so that the deep mucosa is not injured 
by cautery. Once the appropriate submucosal plane is exposed, the myotomy is 
continued proximally taking care to avoid injury to the underlying mucosa. We 
grasp the muscular fibers between short tip graspers and gently avulse the circu-
lar muscular fibers (Fig. 36.4). A gauze pad is introduced to blot the field and 
keep good visualization.

Fig. 36.3 The completed 
mediastinal dissection with 
preservation of the anterior 
vagus nerve and accessory 
left hepatic artery
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Interestingly, we have observed less bleeding from submucosal vessels using the 
avulsion technique than we did when the fibers were elevated and divided with cau-
tery. One possible explanation is that the tearing of the circular fibers causes the 
vessels to spasm; however, this can be a nuisance when bleeding does occur. The 
myotomy is continued proximally for at least 5 cm but may be continued further 
until the surgeon can appreciate that the thickness of the muscle is returning to a 
more normal caliber. Once the esophageal myotomy is complete proximally, the 
gastric myotomy is begun. The left hand grabs the lesser curve and provides poste-
rior traction, while the assistant holds the greater curve and pulls it anterior. This 
places the stomach in a “wall” position and provides the most direct exposure for 
the gastric myotomy. The most distal point is dissected down to the mucosa, keep-
ing in mind that there is an extra inner oblique layer of muscle fibers on the stomach. 
The hook is used to dissect and divide the muscle fibers to continue the myotomy 
proximally until it joins the esophageal myotomy (Fig. 36.5).

Fig. 36.4 The myotomy is 
performed by tearing the 
circular muscle fibers 
exposing the glistening 
white mucosa

Fig. 36.5 The distal 
myotomy is completed 
using the hook 
electrocautery
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 Step 5: Leak Test

The gastroscope is introduced and the myotomy is inspected for adequate length. The 
esophagus and stomach are insufflated to inspect for air leaks. Any leaks need to be 
fixed; small holes can be repaired with absorbable suture on small needles. Insufflation 
also facilitates exposure of any remaining circular fibers that will need to be divided. 
The lower esophageal sphincter should open easily with minimal insufflation, and 
there should be no areas of narrowing after completion of the myotomy.

 Step 6: Posterior Crural Repair and Toupet Fundoplication

Once the myotomy is complete, the posterior diaphragmatic crura are closed pri-
marily using 0 silk sutures.

We routinely perform a posterior 270° (Toupet) fundoplication to reconstruct an 
anti-reflux valve. The fundus is passed behind the esophagus and should lay without 
tension if properly mobilized (Fig. 36.6). The fundoplication is performed in standard 
fashion with 2-0 silk sutures. The suture should include full-thickness bites of the cut 
edges of the short gastric vessels on the fundus and the myotomy. Six sutures in total 
are used, three on either side at 1 cm intervals. Care should again be taken to avoid 
spearing the vagus nerve as it may course over the right side of the fundoplication.

 Step 7: Completion Endoscopy

The gastroscope is again passed into the stomach, and the myotomy is inspected for 
leaks. A retroflex view of the wrap is performed to inspect the newly constructed valve. 
The omentum is draped over the myotomy to act as a barrier to the exposed mucosa.

Fig. 36.6 The fundus is 
prepared for the posterior 
270° wrap
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 Postop Care

Patients are kept NPO for one night after surgery. IV analgesia is necessary but 
PCAs are usually not. A routine UGI is performed in the morning of postoperative 
day 1, and clear liquids are started if there is adequate passage of contrast and no 
leak. Patients are advanced to full liquids and discharged home on postoperative day 
2. They are advanced to a soft diet after 2 weeks.

 Complications

Perforation Perforation is the most feared complication occurring in 8–15% of 
cases [3, 4]. It is vitally important to recognize and repair immediately. A small 
mucosal perforation can be repaired using a 5-0 absorbable suture. Perforations 
high in the mediastinum may necessitate left thoracotomy. Larger perforations are 
more complex problems and may require esophagectomy. After repair of a mucosal 
perforation, the repair can be buttressed by the fundus by switching to an anterior 
wrap (Dor fundoplication).

Persistent or Recurrent Dysphagia The most important factor to prevent dys-
phagia is careful patient selection. Preoperative manometry is mandatory, and 
other motility disorders or etiologies of dysphagia need to be ruled out. The most 
common technical failure is due to an incomplete myotomy on the gastric cardia. 
It is important that the myotomy continue for 2 cm on this side. Other possible 
etiologies include rescarring of the muscle or an overly tight fundoplication or 
crural closure. Patients with recurrent dysphagia undergo repeat manometry and 
UGI series to aid in further management. If manometry demonstrates incomplete 
LES relaxation, a redo myotomy should be considered. If UGI demonstrates a 
distinct kink or stricture from a technical failure, the patient requires revision. 
Most cases, however, do not require additional surgery and will respond well to 
pneumatic dilation. In a series of 113 undergoing LHM with partial fundoplica-
tion, 8.9% developed recurrent symptoms within the first year after surgery. 
These patients underwent pneumatic dilation with 78% demonstrating resolution 
or significant improvement. Two patients demonstrated no relief with dilation 
and required redo myotomies [5].

Reflux A well performed surgical myotomy along with the division of the phreno-
esophageal ligament causes a permanent disruption of the LES and will lead to 
high reflux rates. Postoperative pH testing on these patients has demonstrated 
reflux rates >50%. The partial fundoplication reduces this number to <10% [6, 7]. 
These patients are usually well managed with proton pump inhibitors and almost 
never require revisions.
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 Outcomes

 Dor Versus Toupet Fundoplication

A posterior (Toupet) wrap has the dual advantage of providing an anti-reflux valve 
and “stenting” open the myotomy. This theoretical advantage may prevent rescar-
ring of the myotomy and recurrent dysphagia. Indeed, in a systematic review, 
patients who had a Heller myotomy with Toupet fundoplication demonstrated a 
decreased rate of dysphagia requiring reintervention compared with the Dor (10.1% 
vs. 5.9%), while reflux rates were identical [8]. For this reason we routinely perform 
a Toupet fundoplication. The Dor fundoplication remains a good option in cases of 
mucosal perforation or when a Toupet is anatomically challenging. Some surgeons 
prefer to perform a Dor fundoplication in all cases because it does not require pos-
terior esophageal mobilization and therefore causes less disruption of hiatal anat-
omy, and this is something that is certainly acceptable.

It is important to note that Heller myotomy is not a cure for achalasia. The myot-
omy does not address the primary problem of underlying esophageal dysmotility. It 
is a palliative procedure that allows for improved swallowing. A small percentage of 
patients will develop progression of symptoms over time and may eventually require 
esophagectomy. Despite this, long-term follow-up studies have demonstrated excel-
lent outcomes. >90% of patients are asymptomatic at full 2 years after surgery [9], 
and at 5 years, 91% have described their results as “good to excellent” [5].

 Conclusion
Achalasia is a debilitating esophageal motility disorder characterized by aperi-
stalsis and incomplete LES relaxation. It can lead to weight loss, regurgitation, 
and progressive dysphagia. While several treatment modalities exist, the laparo-
scopic Heller myotomy offers the best long-term success and remains the pre-
ferred treatment. Certainty of diagnosis, as well as adherence to key technical 
principles, assures excellent outcomes and satisfied patients.
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Thoracoscopic Myotomy

Robert E. Merritt

 Introduction

Achalasia is an esophageal motility disorder that results in clinically significant 
dysphagia. The esophageal manometry findings are characterized by aperistalsis in 
the body of the esophagus and incomplete relaxation in the lower esophageal 
sphincter during swallowing. The etiology of achalasia is unknown, and the current 
therapeutic interventions target the underlying pathophysiology of the disease. 
Endoscopic therapies, such as pneumatic balloon dilation and botulinum toxin 
injection, typically only produce temporary improvement of dysphagia symptoms. 
The cornerstone of surgical therapy for achalasia is esophagomyotomy. The surgi-
cal myotomy for achalasia was first described by Heller in 1913 and included an 
anterior and posterior myotomy by an abdominal approach. Ellis described the first 
transthoracic esophagomyotomy through a left thoracotomy [1]. The video-assisted 
thoracoscopic approach for esophagomyotomy was described by Pellegrini in 1992 
[2]. This chapter will describe the thoracoscopic approach for performing esoph-
agomyotomy for the surgical management of achalasia.

 Indications

Achalasia is an esophageal motility disorder that is characterized by failure of the 
lower esophageal sphincter (LES) to relax and the absence of esophageal peristalsis. 
The indications for thoracoscopic myotomy are the same as for laparoscopic myot-
omy. Currently, laparoscopic myotomy is the more commonly performed technique 
for surgical myotomy; however, the thoracoscopic myotomy would be an excellent 
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alternative for patients who have undergone multiple abdominal operations and 
have extensive abdominal adhesions. Patients with achalasia often present with 
severe dysphagia, weight loss, regurgitation, aspiration, and chest pain. An esopha-
geal manometry study is the gold standard for the diagnosis of achalasia and should 
be performed prior to any surgical myotomy. The manometry study typically dem-
onstrates an elevated LES relaxation pressure and no evidence of peristalsis in the 
body of the esophagus.

In addition to manometry, a contrast esophagram and endoscopy should be per-
formed in patients with suspected achalasia. The contrast esophagram will typically 
show a dilated esophagus and the classic bird’s beak tapering of the distal esopha-
gus at the esophagogastric junction in patients with achalasia. An upper endoscopy 
should be performed to rule out an esophageal cancer in the distal esophagus, which 
could mimic the symptoms of achalasia.

 Technique

The objective for thoracoscopic myotomy is the effective lowering of the lower 
esophageal sphincter (LES) relaxing pressure, which results in the correction of the 
esophageal obstruction which occurs in achalasia. The complete division  
of the outer longitudinal fibers and the inner circular muscle fibers in the distal third 
of the esophagus is the cornerstone of the operation. The myotomy should be car-
ried down onto the cardia of the stomach for a total length of 3 cm to ensure com-
plete division of the muscle fibers at the esophagogastric junction.

Thoracoscopic myotomy requires single lung ventilation; therefore, a double 
lumen endotracheal tube is required. The author prefers a right thoracoscopic 
approach which provides complete access to the intrathoracic esophagus. The left 
thoracoscopic approach only provides access to the distal third of the esophagus 
because the aortic arch limits access to mid-esophagus at the level of the carina 
and azygous vein. For the right thoracoscopic myotomy, the patient is placed in 
the left lateral decubitus position. A total of four thoracoscopic ports are placed 
for the procedure (Fig. 37.1). The 12 mm thoracoscopic ports are placed in the 
8th intercostal space posterior axillary line, the 7th intercostal space 3 finger 
breadths below the tip of the scapula, the 5th intercostal space anterior axillary 
line, and the 9th intercostal space posteriorly. Carbon dioxide insufflation is uti-
lized to assist with exposure by depressing the right hemidiaphragm. The right 
lung is completely deflated and retracted anteriorly to expose the posterior 
mediastinum.

The inferior pulmonary ligament is incised with the L-hook Bovie electrocautery 
until the left inferior pulmonary vein is exposed. The mediastinal pleura overlying 
the esophagus at the level of the inferior pulmonary vein is incised with the Bovie 
electrocautery. The esophagus is then encircled with a Penrose drain. The distal 
esophagus is then circumferentially mobilized taking care not to injure the anterior 
and posterior vagus nerves. Once the distal esophagus is mobilized, the longitudinal 
muscle layer is scored longitudinally with the L-hook Bovie electrocautery. The 
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longitudinal muscle layer is then incised with the Bovie electrocautery (Fig. 37.2). 
The inner circular muscle layer is then carefully incised with the Bovie electrocau-
tery. The completed myotomy is performed down to the mucosal layer and should 
extend distally across the esophagogastric junction onto the gastric cardia for a total 
length of 3  cm (Fig.  37.3). The proximal extent of the myotomy should extend 
approximately 7 cm in length. Laparoscopic graspers are used to tease apart the 
divided edges of the muscle to ensure that there is complete separation. In order to 
ensure that the mucosal layer was not injured during myotomy, the distal esophagus 
is submerged in saline solution, and air insufflation with a flexible gastroscope is 
performed. If a mucosal injury is detected intraoperatively, a primary suture repair 
should be performed. It would be advisable to consider converting to an open thora-
cotomy to complete the repair of the esophagus and cover the repair site with a 
pleural flap.

12 mm

12 mm

5 mm

12 mm

Fig. 37.1 The port 
placement for the 
thoracoscopic myotomy
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A routine partial fundoplication is not a part of the thoracoscopic myotomy; 
therefore, there should be minimal disruption of the hiatal esophageal attachments 
and the phreno-esophageal membrane. After the conclusion of the thoracoscopic 
myotomy, a small chest tube is inserted, and the right lung is re-expanded prior to 
closure. The patients are routinely extubated in the operating room at the conclusion 
of the operation.

Hook
cautery device

Esophageal
mucosa

Longitudinal
muscle fibers

Circular muscle
fibers

Fig. 37.2 Thoracoscopic esophagomyotomy: the division of the outer longitudinal and inner cir-
cular muscle layers of the esophagus with a hook cautery device

Mucosa Muscle
fibers

Fig. 37.3 The completed 
thoracoscopic myotomy
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 Postoperative Management

After a routine thoracoscopic myotomy, patients are admitted to a regular postsurgi-
cal floor. A nasogastric tube is not routinely placed after myotomy, and patients are 
typically started on clear liquids as tolerated immediately after the procedure. The 
chest tube is removed on postoperative day number one. The author prefers to obtain 
a contrast esophagram on postoperative day number one to assess for emptying of 
the esophagus at the esophagogastric junction and an occult esophageal injury at the 
myotomy site. Following the contrast esophagram, patients are advanced to a full 
liquid diet on postoperative day number one and discharged home. Patients advance 
themselves to a soft mechanical diet as tolerated at home. Routine postoperative 
esophageal manometry is not obtained unless patients develop recurrent dysphagia 
and other symptoms of achalasia.

 Postoperative Complications

The operative mortality rate for thoracoscopic myotomy is 0% in published reports 
[3]. The postoperative leak rate ranges from 0% to 5.8%. In the rare cases of post-
operative leak at the myotomy site, patients can be managed with a primary repair. 
Postoperative atelectasis and other pulmonary complications associated with thora-
cotomy were not seen with the thoracoscopic approach. Other potential postopera-
tive complications include thoracic duct injury and chyle leak, pneumonia, 
atelectasis, and pulmonary embolus.

 Postoperative Outcomes

The results of thoracoscopic myotomy have been very good in reported series. 
Agrawal et al. demonstrated a significant decrease in lower esophageal sphincter 
pressure and in the clinical symptom score after thoracoscopic myotomy [4]. Cade 
compared a cohort of patients who underwent thoracoscopic or laparoscopic myot-
omy for achalasia [5]. In this report, there was no difference in operative time, 
conversion rate, or hospital length of stay. At two years, the dysphagia scores and 
the incidence of symptomatic reflux were the same between laparoscopic and tho-
racoscopic myotomy. Patti et al. reported a study comparing 30 patients undergoing 
thoracoscopic myotomy to 30 patients undergoing laparoscopic myotomy [6]. The 
patients in the laparoscopic group underwent a Dor fundoplication and reported less 
symptomatic reflux symptoms. However, the clinical dysphagia scores were very 
similar between thoracoscopic myotomy group and the laparoscopic myotomy 
group.
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 Conclusion
Achalasia is an esophageal motility disorder characterized by incomplete relax-
ation of the lower esophageal sphincter and impaired peristalsis of the esopha-
gus. Thoracoscopic myotomy is an option for surgical management of achalasia. 
The long-term relief from dysphagia achieved with thoracoscopic myotomy is 
similar to the rate seen with laparoscopic myotomy.
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A novel procedure, combining the decreased invasiveness of endoscopic access 
with the reliability of a surgical myotomy, peroral endoscopic myotomy (POEM), 
represents a potential paradigm shift in the management of idiopathic achalasia and 
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other esophageal motor disorders. Comprehensive preoperative evaluation by a 
multidisciplinary team of gastroenterologists and surgeons is essential to confirm-
ing candidacy for POEM and appropriately counseling patients on expected out-
comes and postoperative outcomes, including the lack of long-term outcome data. 
The key steps of the procedure are detailed, including initial EGD, safe access to the 
submucosal space, creation of a submucosal tunnel extending at least 3 cm onto the 
gastric cardia, selective myotomy of the inner circular muscle fibers, and closure of 
the mucosotomy. Frequently encountered complications include bleeding, inadver-
tent mucosotomy, full-thickness perforation, and development of capnothorax and/
or capnoperitoneum.

 Indications

 Achalasia

Achalasia is a rare disease characterized by failure of relaxation of the lower esoph-
ageal sphincter (LES) in response to a swallow and loss of coordinated peristalsis in 
the distal esophageal body. The annual incidence is estimated at only 1 per 100,000 
individuals, yet achalasia is the most common primary esophageal motor disorder 
[1]. Initially described in 1674 by Sir Thomas Willis, our current understanding of 
the etiology of achalasia has developed, thanks to histopathologic analysis over the 
last two decades. Immunohistochemical studies have suggested an autoimmune eti-
ology, with selective loss or impairment of ganglions in the myenteric plexus result-
ing in unopposed cholinergic stimulation of the distal esophagus and LES [2]. 
Presenting symptoms include dysphagia to solids and liquids (>90%), regurgitation 
of undigested food and saliva (76–91%), weight loss (35–91%), and chest pain (25–
64%). Patients may also report respiratory complications of aspiration such as noc-
turnal cough and pneumonia as well as heartburn and esophagitis secondary to 
stasis [3]. There is no known cure for achalasia; current treatment options are aimed 
at palliation of symptoms through elimination of outflow obstruction at the EGJ.

 Emerging Indications

Building on the good results in treating type I and type II achalasia, POEM opera-
tors have applied the minimally invasive technique to other esophageal motor disor-
ders including type III achalasia, diffuse esophageal spasm (DES), nutcracker 
esophagus, and hypertensive LES [4, 5]. In general, EGJ outflow obstruction caused 
by high LES pressure responds favorably to division of the obstructing muscle 
fibers, whereas symptoms such as chest pain, attributed to esophageal body contrac-
tion (DES and type III achalasia), have lower rates of symptom remission following 
myotomy [6]. POEM has also been utilized as a salvage operation following failed 
laparoscopic Heller myotomy (LHM), with dissection and myotomy occurring in 
the 4–6 o’clock position.
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 History/Background

In the 100 years since Dr. Heller first described the “transabdominal, extramucosal 
cardioplasty performed onto the anterior and posterior walls of the cardia,” the pro-
cedure has been transformed by laparoscopy, modified in length, and augmented by 
anti-reflux procedures [7]. In the last 10 years, however, the complementary fields 
of natural orifice transluminal endoscopic surgery (NOTES) and endoscopic sub-
mucosal dissection (ESD) have expanded from simple proof-of-concept studies to a 
broad variety of fully incision-less operations in use today. Early animal models 
demonstrated the feasibility of both safe access to the submucosal space using the 
mucosal flap technique and endoscopic myotomy [8, 9]. Based on these techniques, 
Dr. Haru Inoue performed the first human POEM procedure in Japan in 2008 and 
presented his results at the 2009 Digestive Diseases Week in Chicago with subse-
quent publication in Endoscopy in 2010 [10]. Following his landmark publication in 
Endoscopy in 2010, the procedure as described by Inoue grew exponentially with an 
estimated number of POEM cases exceeding 2000 worldwide by the end of 2012, 
when the global experience in POEM was summarized in the international POEM 
survey (IPOEMS), conducted leading up to and during the NOSCAR conference in 
July 2012 [6].

 Patient Selection

 Symptom Assessment Questionnaires

Validated, disease-specific questionnaires can help establish the diagnosis of acha-
lasia, assess disease severity, and establish baseline values to compare against to 
evaluate treatment success. The most widely used and reported instrument for acha-
lasia is the four-item Eckardt score that evaluates the frequency of occurrence of 
chest pain, regurgitation, dysphagia, and amount of weight loss on a 0–3 scale [11]. 
Higher scores represent increasingly severe disease, while post-intervention scores 
less than or equal to three are associated with treatment success [12]. While simple 
to obtain, the ES does not measure disease impact on overall quality of life. More 
extensive and sensitive surveys include the Mayo Dysphagia Questionnaire-30, 
Achalasia Disease-Specific Quality of Life measure, Visceral Sensitivity Index, and 
EORTC QLQ-OES18 [13].

 Physiologic Tests

 Timed Barium Esophagram (TBE)
Timed barium esophagram (TBE) (Fig. 38.1), with chest radiographs obtained 1, 2, 
and 5 min after ingestion of 200–250 mL of dilute barium contrast, is useful for 
both evaluation of esophageal body and EGJ anatomy (classic appearance of the 
“bird- beak” esophagus) and quantification of baseline height of the barium column, 
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degree of esophageal emptying, if any, and esophageal width. TBE also allows 
detection of sigmoid esophagus (representing the so-called end-stage achalasia), 
hiatus hernia, and epiphrenic diverticula.

 Esophagogastroduodenoscopy (EGD)
EGD is required as part of the preoperative work-up of all patients prior to treat-
ment for achalasia to rule out pseudo-achalasia (symptoms of EGJOO secondary 
to an infiltrating malignancy). If the index of suspicion remains high for pseudo-
achalasia (older patients with prominent weight loss and a short duration of symp-
toms), despite a negative EGD, adjunctive studies such as endoscopic ultrasound 
or computed tomography scan should be performed [14]. EGD also allows for 
assessment of retained solids or liquids, stasis or reflux esophagitis, and active 
candidiasis.

 High-Resolution Manometry (HRM)
Manometry is considered the “gold standard” for the diagnosis of idiopathic acha-
lasia with significant improvement in resolution and evaluation of esophageal motil-
ity over the last 10  years with the introduction of solid-state, high-resolution 
manometry catheters utilizing 36 or more pressure sensors at 1 cm intervals. The 
increased resolution offered by HRM catheters has been accompanied by the devel-
opment of esophageal pressure topography (EPT) to display pressure data in an 
accessible format. Based on manometric profiles, Pandolfino et  al. proposed the 

a b c

Fig. 38.1 Timed barium esophagram images for (a) type 1, (b) type 2, and (c) type 3 achalasia
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Chicago classification (Fig. 38.2), dividing patients into three subtypes of achalasia, 
with well-described prognostic implications [15]. Type I, or “classic” achalasia, is 
defined by absent peristalsis and impaired EGJ relaxation in response to swallow-
ing, quantified as a 4-s integrated relaxation pressure (IRP) >10 mmHg. Type II 
achalasia is diagnosed by the presence of panesophageal pressurization (>30 mmHg) 
and is associated with the best outcomes following myotomy. Type III achalasia, 
associated with premature, spastic contractions of the distal esophagus (two or more 
swallows with a distal latency of <4.5 s) and impaired EGJ relaxation, has the worst 
prognosis [15].

 EndoFLIP
The functional lumen imaging probe (Crospon, Galway, Ireland) is a novel diagnos-
tic catheter that utilizes impedance planimetry sensors positioned at 0.5–1 cm inter-
vals within a distensible balloon to generate a geometric representation of the lumen 
of the esophagus and LES (Fig. 38.3). When combined with a pressure sensor in the 
distal portion of the balloon, the FLIP allows quantification of the EGJ response to 
volumetric distention, calculated as the distensibility index (DI) = cross-sectional 
area/intra-balloon pressure. Recent publications have suggested a role for intraop-
erative EndoFLIP measurements to allow real-time evaluation of myotomy ade-
quacy during LHM and POEM [16].

a b c

Fig. 38.2 Representative high-resolution manometry images for (a) type 1, (b) type 2 and (c) type 
3 patterns of achalasia according to the Chicago classification
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 Contraindications

 Patient Factors

Patients should undergo evaluation in a preoperative clinic in coordination with 
anesthesiology and additional work-up as indicated. The less invasive nature of the 
POEM procedure minimizes the list of comorbidities that preclude the procedure. 
Absolute contraindications to POEM include the inability to tolerate general anes-
thesia, secondary to prohibitive cardiopulmonary disease, uncorrectable coagulopa-
thy/thrombocytopenia, and the presence of advanced cirrhosis, with or without 
evidence of esophageal varices. Additionally, the POEM procedure relies on the 
ability to access the submucosal space, so extensive fibrosis secondary to external- 
beam radiation to the mediastinum, extensive mucosal ablations, and prior EMR 
generally prohibit the operation. Published reports have included patients ranging in 
age from 3 to 97 years old [6]. Prior treatments that can cause inflammation and/or 
fibrosis of the submucosal space such as botulinum toxin injection, pneumatic dila-
tion, prior LHM, or prior POEM can all contribute to the difficulty of the dissection 
and in some cases increase the rate of inadvertent mucosotomies or duration of the 
procedure. While none of the prior treatment modalities, other than esophagectomy, 
represent absolute contraindications to POEM, the added complexity should pre-
clude such cases from being attempted during an operator’s initial learning curve 
(first 20–30 cases) [17].

 Technical/Training

Safe conduct of the POEM procedure relies on the availability of all necessary 
equipment, adequately trained and well-coordinated support staff, and sufficient 

Fig. 38.3 Representative 
EndoFLIP images at induction, 
after completion of submucosal 
tunnel, and after completion of 
myotomy
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preclinical training. Prior experience with EMR/ESD techniques and/or NOTES 
procedures has been reported as helpful, as have simulations using live animal, 
ex vivo models, and cadavers. Most operators reported having expert proctoring 
during the initial human cases (median, 2; range, 1–7) [6].

 Preoperative Care

Prior to surgery, a multidisciplinary team including gastroenterologists and mini-
mally invasive surgeons should evaluate the patient.

 Patient Instructions

Preoperatively, the patient is prescribed oral fluconazole for an empiric 7-day 
course and instructed to maintain a clear liquid diet starting 48 h and to remain 
NPO for 12  h, prior to surgery. Some centers report conducting routine EGD 
1–3 days preoperatively to screen for candidiasis. Management of perioperative 
medications should be performed in consultation with the preoperative clinic, the 
cardiologist, and the patient’s primary care provider; in general, we continue beta-
blockers perioperatively, as well as aspirin when indicated for a history of stent 
placement, coronary artery disease, or coronary artery bypass graft. Prophylactic 
aspirin and clopidogrel are typically held for 7 and 5 days preoperatively, respec-
tively, and decisions regarding management of therapeutic anticoagulation are 
made on an individual basis.

 Anesthetic Considerations

Preoperative and intraoperative coordination with the anesthetic team are crucial to 
safe conduct of the POEM procedure. Issues of particular importance include posi-
tioning and securing the endotracheal tube as far laterally to the right as possible 
and can consider utilizing a preformed, right-angled Oral RAE™ tracheal tube 
(Moore Medical). Anesthesia should be aware of the potential for unplanned extu-
bation given the frequent passage of the endoscope through the oropharynx. It is 
also helpful to discuss blood pressure management and specifically maintaining the 
systolic blood pressure below 100–110 mmHg, if safe, as this is anecdotally associ-
ated with fewer bleeding complications.

 Room Setup and Equipment

For a list of equipment recommended for POEM, see Table  38.1. Sequential 
compression devices are utilized for thromboprophylaxis, and a second-genera-
tion cephalosporin or comparable preoperative antibiotic (Ancef/Flagyl at our 
institution) is given. After successful induction of general anesthesia and 
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secured positioning of an endotracheal tube, the patient is positioned supine, 
flush with the head of the OR table, the right arm is supported on an arm board, 
and the left arm is appropriately padded and tucked next to the torso. The bed 
should be lowered and step stools positioned at the head of the bed as needed to 
minimize strain and fatigue on the part of the operator. An endoscopy tower, 
equipped with a forward-viewing, 2.8 mm single-channel, high-definition flex-
ible gastroscope (GIF-H180; Olympus America, Inc., Center Valley, PA), with 
carbon dioxide (CO2) insufflation, is positioned near the midpoint of the OR 
table, and the cautery foot pedal is placed within reach of the operator. A mini-
mum of one assistant is required to coordinate the operation of the injector and 
triangular-tip ESD knife and should be positioned to the left of the operator. 
A second assistant, to the right of the operator, can stabilize the endoscope at the 
mouth allowing simultaneous manipulation of the deflection wheels and the 
injector or cautery knife. The second assistant can also assist with passage of 
intraoperative measurement devices such as the EndoFLIP catheter. A time-out 
should be performed prior to the procedure to confirm patient identity, proce-
dure, and availability of endoscopic equipment (clips, coagulation forceps, etc.) 
and ensure that the endoscopy tower is utilizing CO2 insufflation and that cor-
rect electrocautery levels are set.

Table 38.1 Equipment 
checklist

Forward-viewing, high-definition gastroscope with single-
channel 2.8 mm working port

Clear cap with ¼″ tape to secure at the end of the gastroscope
Carbon dioxide (CO2) insufflation system
Endoscopic cautery system
Bite block
60–90 mL syringes with saline for irrigation of esophagus 
+/− simethicone
Indigo carmine injection solution with epinephrine
Indigo carmine injection solution without epinephrine
Endoscopic injection needle
Triangular-tip endoscopic submucosal dissection knife
Toothbrush for cleaning knife

Additional pieces of ¼″ red tape to mark insertion depth for 
endoscopic instruments
QuickClip2 (Olympus) hemostatic clips for closure of mucosal 
defects
Instinct Hemoclips (cook) for closure of wider mucosal defects
OverStitch (Apollo endosurgery) endoscopic suturing system
Over-the-scope clip (OTSC) (Ovesco, Tübingen, Germany)
Coagrasper hemostatic forceps (Olympus)
Dilute bacitracin irrigation
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 Operative Technique (Fig. 38.4)

 Diagnostic Endoscopy

Once the anesthesiologist is satisfied with the positioning and security of the endo-
tracheal tube, the abdomen is prepped and draped to provide access in the event that 
Veress needle decompression of a capnoperitoneum is required. A bite block is 
placed to facilitate passage of the endoscope (Fig. 38.4a). Thorough clearance of 
impacted food is required for complete assessment of the esophageal mucosa 
(Fig. 38.4b) and to minimize soilage of the submucosal tunnel. Placement of a 16 or 
18 French orogastric tube can facilitate clearance, as can availability of 60–90 mL 
flushes or a power-flush system for the working port. Initial EGD is performed to 
assess for the presence of active candidiasis (Fig. 38.4d), an indication to abort the 
procedure and reschedule the myotomy pending resolution of the infection. It is not 
uncommon to encounter copious frothy sputum in the esophagus (Fig.  38.4c), a 
condition that resolves quickly with irrigation using dilute simethicone. Following 

a b c d
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Fig. 38.4 (a–l) Illustrated steps for POEM. (a) Bite block is placed to facilitate passage of the 
endoscope. (b) Clearance of impacted food. (c) EGD to assess for active candidiasis. (d) Copious 
frothy sputum in the esophagus. (e) Squamocolumnar junction. (f) Submucosal wheal/bleb cre-
ation. (g) Creation of longitudinal myotomy. (h) Injection to hydrodissect the submucosal tunnel. 
(i) Cautery to divide the tissue of the submucosa. (j) Endoluminal verification of extent of tunnel 
onto gastric cardia. (k) Selective myotomy of the inner, circular muscle layer. (l) Mucosotomy 
closure with endoscopic clips
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a visual inspection of the esophagus and stomach, note should be made of the loca-
tion of the esophagogastric junction as determined by the distance from the incisors 
to the squamocolumnar junction (Fig. 38.4e) using the external markings on the 
endoscope for reference. In the absence of a hiatal hernia, the SCJ is typically 
located between 38 and 42 cm from the incisors.

 Mucosal Lift and Mucosotomy

In the case of a standard-length myotomy (extending 6–7 cm proximal to the EGJ), 
the mucosotomy should be made 12–14 cm above the EGJ. The majority of opera-
tors participating in the IPOEMS reported creating an anterior submucosal tunnel in 
the 1–2 o’clock position [6]. A sclerotherapy needle is inserted just below the 
mucosa, and a 3–4 cm wheal is raised using 10 mL of solution containing indigo 
carmine (0.2  mg/mL), epinephrine (5 mcg/mL), and 0.9% saline (Fig.  38.4f). A 
longitudinal mucosotomy is created (using a few drops of liquid to create a menis-
cus to assess positioning relative to the most anterior aspect, designated 12 o’clock). 
Mucosotomy length should be just large enough to accommodate the clear cap on 
the endoscope (Fig. 38.4g), as excessive length will add time and cost to the proce-
dure during clip closure of the mucosotomy.

 Creation of Submucosal Tunnel

After the initial mucosal lift, subsequent injections during the creation of the sub-
mucosal tunnel should be diluted dye without epinephrine to limit total exposure to 
the adrenergic agent. Distal progression of the submucosal tunnel is facilitated by 
alternating hydrodissection to enlarge the submucosal space (Fig. 38.4h) and cau-
tery to divide the thin fibers connecting the mucosa to the inner, circular muscle 
layer (Fig. 38.4i). Careful advancement of the endoscope and slight posterior deflec-
tion of the cap can be used to put the submucosal fibers on stretch and guide dissec-
tion. Frequent reference to fluid meniscus can help prevent spiraling as the tunnel is 
carried distally on the esophagus. Extra care should be taken near the EGJ as this 
area is prone to inadvertent mucosotomy given the increased muscular tone and 
anecdotally described “stickiness,” attributed to prior episodes of inflammation or 
previous treatment modalities. Beyond the EGJ, switching back to an injection solu-
tion containing both dye and dilute epinephrine can aid in demarcating the distal 
extent of the submucosal tunnel. To confirm adequate extension onto the gastric 
cardia, the endoscope can be withdrawn from the submucosal tunnel and passed 
into the stomach lumen to obtain a retroflex view of the EGJ (Fig. 38.4j).

 Anterior Myotomy of the Circular Muscle Layer

Using the endoscopic markings, the selective myotomy of the circular muscle layer 
should be initiated 6 cm proximal to EGJ for a standard length myotomy. Variations 
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in myotomy length have been suggested when treating conditions that predomi-
nantly affect the esophageal body, such as type III achalasia or jackhammer; in these 
cases the myotomy can be started just proximal to the spastic segment, ensuring at 
least 2–3  cm of mucosal flap coverage in the submucosal tunnel [18]. Once the 
plane between the inner circular muscle layer and thin, outer, longitudinal muscle 
layer is accessed, the triangular-tip ESD knife can be used to hook the circular 
muscle fibers and extend the myotomy distally (Fig. 38.4k). Full-thickness myot-
omy or splaying of the thin, outer longitudinal muscle fibers is common, especially 
around the EGJ. The myotomy should be extended 2–3 cm distal to the EGJ onto 
the gastric cardia. At the conclusion of the myotomy, after assuring hemostasis in 
the tunnel, irrigation is performed with dilute bacitracin solution.

A variety of intraoperative techniques have been described to evaluate for ade-
quacy of myotomy in relieving esophageal outflow obstruction at the level of the 
EGJ. These range from purely subjective, based on laparoscopic inspection or ease 
of passage of the endoscope during EGD post-myotomy, to quantitative but time- 
consuming, in the case of intraoperative manometry. At least three centers in the 
USA currently employ the EndoFLIP device described earlier, in the diagnostic 
testing section, for intraoperative assessment of myotomy adequacy as measured by 
an increase in EGJ distensibility index [16].

 Closure of Mucosotomy

Mucosotomy width will help guide initial clip selection, with the Instinct™ 
Endoscopic Hemoclip (Cook Medical) being helpful in cases of wider mucosal 
defects and the QuickClip2 (Olympus) offering a smaller overall size following 
deployment (Fig. 38.4l). An alternative method of closure has been described that 
utilizes proprietary endoscopic suturing devices to allow a running closure of longer 
mucosotomy defects.

 Avoiding Complications

 Aspiration

Preoperative dietary restriction to clear liquids in preparation for the procedure as 
well as utilization of a “rapid-sequence” intubation technique by anesthesia (limited 
preoxygenation/bag-masking) can help minimize the risk of aspiration during 
induction. If needed, awake fiber-optic intubation in the upright position can be 
utilized in high-risk patients.

 Capnothorax

Given the frequency of full-thickness myotomy or splaying of the outer, longitudi-
nal muscle fibers, development of unilateral or bilateral capnothorax is common [6]. 
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There is no data supporting routine postoperative chest X-rays, assuming CO2 is 
utilized for insufflation in place of air. Capnothorax progressing to tension physiol-
ogy or hemodynamic compromise is exceedingly rare, but the instruments should 
be available as well as staff capable of performing an emergent needle or tube tho-
racostomy, if needed. Self-limited subcutaneous emphysema is also common with 
expected resolution within 24 h postoperatively.

 Capnoperitoneum

Roughly 50% of POEM cases are accompanied by the development of some degree 
of capnoperitoneum secondary to CO2 tracking from the mediastinum or full- 
thickness gastric myotomy [6]. Capnoperitoneum can be differentiated from an 
insufflated stomach by the presence of isolated epigastric fullness in the latter; the 
diffuse abdominal distension of the former, when accompanied by hemodynamic 
instability or impaired ventilation, is an indication for decompression with a Veress 
needle (typically in the left upper quadrant, just inferior to the costal margin) or 
laparoscopic port. Desufflating the stomach with the endoscope prior to Veress nee-
dle passage ensures that capnoperitoneum is present.

 Bleeding

Based on the global POEM experience to date, bleeding is most commonly encoun-
tered during dissection across and distal to the EGJ. As previously discussed, even 
mild hypertension will compound the bleeding risk inherent to the increased vascu-
larity in the submucosal space of the EGJ and gastric cardia. Mild bleeding can typi-
cally be controlled with application of monopolar electrocautery. Brisker bleeding, 
or unavoidable division of larger bridging vessels, should be approached with coag-
ulation forceps. Submucosal tunnel bleeding that obscures endoscopic visualization 
can occasionally be temporized by removal of the endoscope from the tunnel and 
application of direct pressure with the scope or cap from the esophageal lumen for 
10–20 min. Alternative techniques include hemostatic clip application and judicious 
injection of dilute epinephrine. Case reports have suggested the option of utilizing 
tamponade devices such as Sengstaken-Blakemore, Minnesota, or Linton tubes (all 
Bard Medical) to staunch brisk bleeding. Given the disastrous consequences of this 
in the setting of a partial or full-thickness myotomy, these high-pressure balloons 
are contraindicated as part of the endoscopic armamentarium when approaching 
bleeding during the POEM procedure.

 Full-Thickness Perforation

Entry into the mediastinum at the level of the mucosotomy, either during initial access 
of the submucosal space or subsequently, should prompt close attention to mucosal 
closure technique, including consideration of alternative methods of closure such as 
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endoscopic suturing or utilization of an over-the-scope clip device [19]. Blunt dissec-
tion of the submucosal space has been described in both animal models and human 
case series as a means to expedite tunnel creation and decrease procedure duration. 
This technique is associated with increased rates of inadvertent mucosotomy, particu-
larly in the area just proximal to the EGJ, where relative tethering of the mucosa can 
occur and predispose the proximal tissue to perforation when approached blindly. 
Significant mucosal defects that occur prior to myotomy creation should prompt con-
sideration of aborting the procedure and/or attempting submucosal tunnel and myot-
omy in an alternate position on the esophagus (i.e., posterolateral). Small mucosal 
defects and those that occur during or after myotomy should be closed from the lumi-
nal side with endoscopic clips or suture. Note that mucosal injuries, especially in the 
region of the EGJ, can lead to the development of strictures and recurrent dysphagia.

 Postoperative Care

At the conclusion of the case, patients are extubated in the operating room and trans-
ferred to the postanesthesia care unit (PACU). During the initial recovery phase in the 
PACU, patients are given standing intravenous antiemetics and analgesia as needed 
and kept nil per os (NPO) pending further evaluation. If the patient is sufficiently 
recovered from the effects of anesthesia and not experiencing chest pain, fever, or 
tachycardia, sips of clear liquids are initiated the evening of surgery. In the absence 
of concerning symptoms or signs that suggest ongoing leak, patients are given a tray 
of clear liquids in the morning and advanced to a full liquid diet for lunch. Discharge 
typically occurs in the afternoon of the first postoperative day (POD#1) after response 
to lunch is evaluated. Among the IPOEMS centers, the weighted mean length of stay 
was 3.1 days (range, 1–7), with the six US centers generally reporting earlier dis-
charges postoperatively [6]. Patients are discharged on daily proton pump inhibitors 
that are continued until physiologic testing is performed at 6 months to assess for 
presence or degree of gastroesophageal reflux. Many centers advocate routine imag-
ing (Gastrografin or thin barium esophagram) on POD#1 with some centers perform-
ing second-look EGD prior to diet initiation or hospital discharge [6]. During our 
initial experience, the postoperative care pathway included obtaining a POD#1 
esophagram, but the lack of impact on patient management and low leak rate have 
led to abandonment of asymptomatic screening of all patients postoperatively. There 
are descriptions of postoperative computed tomography scans of the chest being rou-
tinely obtained; however, following the same logic that led to abandonment of rou-
tine esophagram use, there is no clear evidence to support the cost or radiation 
exposure associated with routine screening CT scans.

 Follow-Up

Patients should be seen 2–6 weeks postoperatively to evaluate treatment response 
and detect potential early failures. In the absence of recurrent symptoms, full physi-
ologic testing with TBE, HRIM, EndoFLIP, and pH impedance is postponed until 
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the 6–9-month follow-up appointment. TBE in particular has been shown to have 
significant prognostic value following pneumatic dilation in detecting patients with 
symptomatic relief that are at increased risk for early treatment failure [20]. Patients 
are seen again at 1 year and then annually for life, with completion of validated 
questionnaires and intermittent physiologic testing to track long-term outcomes. 
Long-term follow-up protocols can also incorporate routine or symptom-triggered 
screening for esophageal malignancy.

 Review of Existing Literature

 Efficacy

To date, no prospective, randomized trials comparing POEM to LHM or pneumatic 
dilatation have been published. The IPOEMS reported overall treatment success of 
98% at a mean follow-up of 9.3 months, with 40% of patients having failed prior to 
treatment [6]. The multicenter, prospective trial by von Renteln et  al. has more 
recently shown a decline in success rate over time, from 97.1% at 3  months to 
82.4% at 1 year [21] and 78.5% at 2 years [22]; however, the majority of failures 
occurred within the first ten cases at each center suggesting a learning curve. There 
have been several single-institution and one multicenter publication that report 
longer- term results [23–25]. Hungness et al. reported a 92% clinical success at 2.4- 
year follow-up with POEM and a 33% rate of objective reflux in patients without 
hiatal hernia and a BMI < 35 [23].

 Rates of GERD

Richards et al. demonstrated in 2004 that in the absence of a concurrent fundoplica-
tion, complete division of the lower esophageal sphincter and gastric sling fibers dur-
ing Heller’s cardiomyotomy results in debilitating reflux [26]. Neither partial nor 
complete fundoplication is performed following POEM, and concern has been raised 
regarding the potential for higher long-term rates of GERD. IPOEMS study estimated 
the prevalence of GERD following POEM in the range of 20–46%, based on visualiza-
tion of erosive esophagitis on EGD or abnormal pH studies during short-term follow-
up (<1 year) [6]. Several studies with longer follow-up have confirmed this [23–25]. 
Comparable rates have been reported in patients undergoing LHM with anterior (Dor) 
fundoplication in multicenter, prospective, randomized trials [27, 28]. Similar to the 
argument put forth by proponents of anterior (Dor) fundoplication, the lack of poste-
rior mediastinal dissection and preservation of the phreno-esophageal ligament during 
POEM may mitigate the absence of a surgical anti-reflux barrier. Preservation of the 
angle of His may also contribute to the anatomic anti-reflux barrier when the 1–2 
o’clock position is used for myotomy during POEM, as the natural course of the 
esophagus (clockwise rotation and right-to-left sweep) favors dissection onto the lesser 
curve and division of the clasp fibers with maintenance of the sling fibers.
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39Surgical Management of Achalasia: 
Recurrent Dysphagia

Hope T. Jackson and Brant K. Oelschlager

 Introduction

Advances in minimally invasive surgery have led to a significant shift in the surgi-
cal management of esophageal achalasia, and today, laparoscopic Heller myotomy 
and partial fundoplication are considered the procedures of choice [1–12]. The 
laparoscopic approach is the preferred approach because it provides excellent 
exposure of the gastroesophageal junction (GEJ) and allows for performance of a 
partial fundoplication [2, 13]. In addition, as a result of studies showing that a lon-
ger gastric myotomy results in improved relief of dysphagia, the length of the 
myotomy performed on the gastric wall has increased [4, 14]. This is facilitated by 
the laparoscopic approach.

This approach can achieve significant improvement in esophageal clearance in 
upward of 90–95% of patients [1, 4, 6, 12]. However, patients can experience 
 persistence of their symptoms or recurrence over time with recurrent (late) dyspha-
gia being more common than persistent (early) dysphagia. This chapter will focus 
on the diagnostic and therapeutic approach to patients with persistent or recurrent 
dysphagia following a Heller myotomy.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-96122-4_39&domain=pdf
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 Persistent Dysphagia

Persistent dysphagia can be defined as typically presenting immediately following 
a Heller myotomy or after a temporary relief of symptoms (i.e., less than 6 months). 
We believe there are several factors, primarily attributable to surgical technique, that 
are responsible for this occurrence (Table 39.1).

 Inadequate Gastric Myotomy

The most common cause of persistent dysphagia is an incomplete myotomy, pri-
marily on the gastric side of the GEJ.  In the early 1990s, as minimally invasive 
surgery began to be applied to the treatment of achalasia, the Heller myotomy was 
performed through a left thoracoscopic approach that was first published by 
Pellegrini and colleagues [13]. A 7 cm esophageal myotomy was performed and 
extended for only 5 mm onto the gastric wall, without an antireflux procedure based 
on the conventional technique described by Ellis et  al. [15]. Early experience 
resulted in a high incidence of dysphagia that was attributed to inadequate extension 
of the myotomy onto the gastric wall [13]. Because exposure of the GEJ and gastric 
wall was difficult through the thoracoscopic approach, the decision was made to 
switch to the laparoscopic approach and extend the myotomy 1–1.5 cm below the 
GEJ [2]. Our group had initial success with this approach with resolution of dyspha-
gia in patients with a prior thoracoscopic myotomy and lower rates of dysphagia for 
primary operations, but we still had occasional patients who required reoperation. 
We observed that our outcomes appeared to be directly related to the length of the 
gastric myotomy and decided to extend the myotomy even further to 3 cm below the 
GEJ. We published our outcomes in a 2003 comparative study that looked at the 
results of a conventional myotomy (1.5 cm on the gastric wall) versus those with an 
extended myotomy (3 cm on the gastric wall) [14]. Those patients with an extended 
myotomy had significantly reduced lower esophageal sphincter pressure and inci-
dence of dysphagia postoperatively. These results persisted in a long-term follow-up 
study by our group and as a result have become our standard practice [4]. 
Intraoperatively, surgeons can use laparoscopic instruments and/or endoscopy to 
help ensure that an adequate gastric myotomy length has been achieved. Laparoscopic 
graspers can be used to estimate the length of the gastric myotomy since an open 
grasper measures approximately 3 cm (Fig. 39.1). Endoscopy can also assist with 

Table 39.1 Most common causes of persistent dysphagia

1. Incomplete myotomy
  (a) Inadequate gastric myotomy (most common)
  (b) Inadequate muscle fiber division
2. Lack of separation of myotomy muscle edges
3. Misconfiguration of the fundoplication
4. Tight closure of the hiatus
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assessment of the entire myotomy, allows for easy identification of the squamoco-
lumnar junction, and can confirm adequate distal extension of the myotomy onto the 
gastric wall.

 Inadequate Division of Muscle Fibers

Incomplete division of esophageal muscle fibers can also, in theory, cause persistent 
dysphagia. Several studies have shown that this may occur because of scar tissue 
that develops at the level of the GEJ secondary to prior endoscopic treatment [16–
18]. Pneumatic dilatation and intrasphincteric injection of botulinum toxin are 
endoscopic treatments that historically were selected as first- and second-line thera-
pies to avoid the morbidity of open surgery. While the success of minimally invasive 
approaches to surgical myotomy has been well documented [2, 3, 7, 12, 13, 15, 19], 
pneumatic dilatation and botulinum toxin injection still continue to be offered and 
performed by gastroenterologists [16]. Though some studies suggest these preop-
erative procedures do not influence the outcome of surgical myotomy [20, 21], sev-
eral studies and our own experience support the belief that these procedures, 
designed to cause disruption of the LES, can lead to scarring which can make the 
subsequent myotomy more difficult, incomplete, and prone to mucosal perforation 
with less predictable success rates [16, 17].

 Lack of Separation of Myotomy Edges

Persistent dysphagia can also result when the myotomy edges re-approximate  
postoperatively and form a new scar that can result in esophageal narrowing. To 
decrease this occurrence, we recommend that the edges of the muscle layers are 
separated so that approximately 30–40% of the mucosa is uncovered [22]  

Fig. 39.1 Intraoperative 
picture of a Heller myotomy. 
An open laparoscopic 
grasper roughly measures 
3 cm and can be used as a 
guide for the target length of 
the gastric myotomy
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(see Fig. 39.2). Our practice is to perform a Toupet fundoplication at the time of 
myotomy. The fundus of the stomach is sutured to the myotomy which splays open 
the myotomy edges and limits re-approximation and scarring (Fig. 39.3).

 Fundoplication Misconfiguration

Our practice advocates performing a partial fundoplication following a Heller 
myotomy to prevent reflux. A 360-degree (Nissen) fundoplication may create a 
mechanical obstruction due to the lack of esophageal peristalsis that is characterized 
by achalasia [22]. While the type of partial fundoplication performed (anterior or 

Fig. 39.2 Wide separation 
of the myotomy edges can 
prevent the postoperative 
re-approximation that can 
lead to recurrent dysphagia

Fig. 39.3 Toupet 
fundoplication performed 
with Heller myotomy. The 
fundus of the stomach is 
sutured to the myotomy. 
This splays open the 
myotomy edges limiting 
re-approximation
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posterior) may vary from center to center, poor construction of either fundoplication 
may lead to persistent or recurrent dysphagia, just as they can in patients who have 
a primary fundoplication for GERD. A Dor fundoplication is a 180-degree anterior 
fundoplication that is constructed with two rows of sutures. Once the first row is 
created on the left side (Fig. 39.4), the fundus is folded over the exposed mucosa, 
and three additional sutures are placed. The first suture incorporates the fundus of 
the stomach, the esophagus, and the right crus. The second and third sutures incor-
porate just the esophageal wall and the fundus, as incorporating the right crus as 
well may lead to angulation at the GEJ. Too many stitches at this level may cause 
constriction at the level of the GEJ and contribute to early re-approximation of the 
myotomy edges (Fig. 39.4) [7, 22, 23]. We choose a Dor fundoplication to provide 
coverage of a primary mucosal repair when there is an esophageal perforation. A 
Toupet fundoplication, our preferred partial fundoplication, is a 270-degree poste-
rior fundoplication that may also lead to postoperative dysphagia when the fundo-
plication is constructed incorrectly. For example, this can occur if the posterior 
aspect of the fundoplication is placed under too much tension, creating an anterior 
angulation of the esophagus that may result in dysphagia [22].

 Tight Closure of the Hiatus

Closure of the hiatal opening may impair esophageal emptying by causing constric-
tion or creating a similar anterior angulation of the esophagus that can occur with a 
poorly constructed Toupet fundoplication. In general, we do not close the hiatus of 
the average patient with achalasia like we would with an antireflux procedure. If the 
patient has an associated large hiatal hernia (rare) or if the esophagus is particularly 
dilated or sigmoid in configuration, we recommend partial closure to avoid 
dysphagia.

a b c d e

Fig. 39.4 A Dor fundoplication is created by two rows of sutures. (a) The first row is created by 
suturing the left myotomy edge to the fundus. (b) The fundus is then folded over the exposed 
mucosa, and the second row is created with three additional sutures. The first suture incorporates 
the fundus of the stomach, the esophagus, and the right crus. (c) The second and third sutures 
incorporate just the esophageal wall and the fundus. (d) Apical sutures seen in the 12 o’clock posi-
tion are often placed to reduce tension. (e) This picture illustrates improper formation of the Dor 
fundoplication as the second row of sutures incorporates the right crus. This may lead to angulation 
at the GEJ and contribute to early re-approximation of the myotomy edges
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 Recurrent Dysphagia

Recurrent dysphagia is more common than persistent dysphagia and typically 
occurs greater than 6 months after the initial Heller myotomy. It is reported to occur 
in approximately 3–13 percent of patients [4, 12, 23–26]. When a patient presents 
for consultation, it is important to determine if the patient was asymptomatic for a 
period of time and was able to tolerate food. This helps to establish that the initial 
surgical procedure was successful and may help clarify the etiology of the recur-
rence. Similar to our discussion on persistent (early) dysphagia, incomplete myot-
omy on the gastric wall and along the esophagus is also the most common reason 
for recurrent (late) dysphagia. While causes of recurrence can be multifactorial, we 
will highlight the most common causes of recurrence that follow incomplete myot-
omy (Table 39.2).

 Myotomy Scarring

Scarring/fibrosis at the distal edge of a properly formed myotomy can be a common 
cause of recurrent dysphagia following a symptom-free interval [7, 12, 22, 23, 27]. 
A meta-analysis performed by Campos and colleagues described an incidence of 
27% [28]. We believe that the creation of a longer myotomy with a wider separation 
of myotomy edges should decrease the frequency of this occurrence [4, 14].

 Gastroesophageal Reflux Disease

The disruption of the LES, as a result of the myotomy, places patients at risk for the 
development of postoperative reflux (POR). POR has an incidence of 50–60% when 
a myotomy is performed without a fundoplication and 2–26% when a partial fundo-
plication is added [4, 8, 22, 28–31]. Complications of GERD such as esophagitis, 
Barrett’s esophagus, and peptic stricture could lead to dysphagia. Patients who 
develop pathologic reflux following Heller myotomy may often be asymptomatic, 
so it is important to perform ambulatory pH monitoring postoperatively [32]. Our 
practice is to perform this test at our 6-month postoperative visit. If abnormal reflux 
is documented, typically this is treated with acid-reducing medications if there is no 
abnormality with the fundoplication. In our experience, this is rare but the most 
common reason for severe, recurrent dysphagia.

Table 39.2 Most common causes of recurrent dysphagia

1. Incomplete myotomy
  (a) Inadequate gastric myotomy (most common)
  (b) Inadequate muscle fiber division
2. Myotomy scarring
3. Gastroesophageal reflux disease
4. Fundoplication abnormality
5. Esophageal cancer
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 Fundoplication Abnormality

Fundoplication herniation or movement is a less common cause of postoperative 
dysphagia but has a reported incidence of 10–13% [28]. Misconfiguration of the 
fundoplication at the time of the initial operation could make this occurrence more 
likely. If the fundoplication is the cause of dysphagia and the patient requires reop-
eration, our preference is to take down the fundoplication without reconstructing it. 
If it is apparent at the time of reoperation that the fundoplication was misconfigured 
initially (i.e., a fatal flaw such as too much fundus included in the wrap and mis-
placed sutures), it may be reasonable to redo both the myotomy and the 
fundoplication.

 Esophageal Cancer

Patients with untreated achalasia are at an increased risk of developing squamous 
cell carcinoma. Long-term studies looking at the development of esophageal cancer 
following myotomy are scarce. Zaninotto and colleagues performed a retrospective 
review of 226 patients who received a Heller myotomy for achalasia [31]. Two per-
cent (four) of these patients developed squamous cell carcinoma at 2, 8, 13, and 
18 years following myotomy. Pathologic reflux following myotomy can result in 
Barrett’s esophagus and adenocarcinoma which can also cause recurrent dysphagia 
[33]. Currently there are no precise guidelines about endoscopic follow-up in acha-
lasia patients.

 Diagnostic Evaluation

A meticulous and systematic approach to patients with dysphagia is necessary to aid 
the physician in choosing the most effective treatment modality. Though the etiolo-
gies of persistent and recurrent dysphagia somewhat differ, the diagnostic workup is 
the same (Table 39.3).

As is true for all patients, obtaining a thorough history is a crucial step in the 
diagnostic workup. Along with the patient’s current symptoms, a review of symp-
toms before the initial operation should be elucidated as it helps establish that the 
initial operation was performed for the correct indication.

Table 39.3 Diagnostic 
workup for patients 
presenting with persistent/
recurrent dysphagia

1. Upper gastrointestinal series
2. Upper endoscopy
3. Esophageal manometry
4. Ambulatory 24-h pH monitoring
5. Computed tomographya

6. Endoscopic ultrasounda

a Indicates studies that can help rule out pseudoachalasia when 
other studies are inconclusive
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Prior manometry, endoscopy, and upper gastrointestinal (UGI) series images 
should be obtained along with the operative report. The operative report can provide 
important clues that may explain the patient’s current symptoms, such as a descrip-
tion of scar tissue due to prior treatment, the extent of the myotomy, difficulty iden-
tifying anatomic planes, or an enlarged left lobe of the liver that precluded adequate 
superior extension of the myotomy [22]. In terms of imaging studies, we believe 
that an UGI is the most important initial study, followed by endoscopy, esophageal 
manometry, and then pH monitoring.

 Upper GI Series

An UGI is most useful for determining if there is a persistent obstruction at the 
GEJ. Additionally, it can clarify the etiology of the obstruction such as a misconfig-
ured fundoplication, incomplete gastric myotomy, scarring due to GEJ narrowing, 
hiatal hernia, or an overly tight hiatal closure [22, 23] (Fig. 39.5).

Independent of etiology, the grade of esophageal dilatation determined by the 
UGI can also help predict the success of revisional surgery. Our center looked at 
patients requiring a redo myotomy for recurrent dysphagia, and we found that 
patients with an UGI demonstrating a straight esophagus (normal or dilated, Grades 
1–3) all had improved dysphagia following revisional surgery [34]. Dysphagia 
improvement was less consistent if the esophagus was in a sigmoid configuration 
(Grade 4).

 Endoscopy

An upper endoscopy is the next useful diagnostic study that we recommend per-
forming even if the etiology of dysphagia is apparent on the UGI. Endoscopy serves 
to identify reflux esophagitis, candida esophagitis secondary to delayed emptying, 
and strictures and to rule out cancer [22]. It can also reveal a malformed fundoplica-
tion and may be useful in characterizing fibrosis [23]. Additionally, at the time of 
endoscopy, one should consider performing a 20 mm (60 French) balloon or Savary 
dilatation. When performed properly it is of little risk but may provide substantial 
relief without proceeding to more aggressive procedures (e.g., pneumatic dilatation 
≥30 mm).

 Esophageal Manometry

Esophageal manometry can confirm the diagnosis of achalasia, especially if the 
previous two studies are inconclusive and can help identify those patients who may 
or may not benefit from reoperation. Chapman and colleagues showed that dyspha-
gia is much less common in patients with a hypotensive LES pressure (less than 
10  mmHg) following myotomy [35]. If postoperative manometry reveals 

H. T. Jackson and B. K. Oelschlager



463

persistently elevated LES pressures, this may indicate an incomplete or fibrotic 
myotomy that may benefit from a redo myotomy (Fig. 39.6).

 Ambulatory 24-Hour pH Monitoring

GERD can lead to dysphagia and occurs frequently after myotomy, even when a 
fundoplication is included. The best way to confirm GERD is 24-h pH monitoring, 

Fig. 39.5 Upper GI study 
in a patient presenting with 
recurrent dysphagia 
following a previous Heller 
myotomy with Dor 
fundoplication for 
achalasia. The patient’s 
operative report noted a 
2 cm gastric myotomy. The 
X-ray at presentation 
suggests persistent 
obstruction at the GE 
junction. This could be due 
to the Dor fundoplication 
or an inadequate gastric 
myotomy
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and it should be performed in this patient population. It is important to critically 
review the pH tracings as there can be false positive results from stasis and fermen-
tation. Simple review of the final composite reflux score will not reveal this, but the 
tracings are key in differentiating true reflux from false reflux. False reflux is sec-
ondary to the stasis of food that can occur if there is abnormal relaxation of the 
LES. The stasis causes “acidification” of the food as it decomposes. This is depicted 
on a pH tracing as a slow decrease in pH rather than the abrupt change that is seen 
with true reflux [23] (Fig. 39.7). There will also be long periods of the pH remaining 
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below 4 and a very abnormal score. The key point here is that false reflux is a mani-
festation of poor esophageal emptying, not actual reflux. Additionally, patients with 
achalasia will always have an element of poor emptying as the intrinsic function of 
the esophagus (peristalsis) is abnormal and unable to be restored post myotomy. 
Those patients with true reflux may benefit from the addition of acid-reducing med-
ications or revision/addition of a fundoplication [23]. As stated earlier in our section 
on GERD, reflux can often be silent, so this test should be performed routinely even 
on asymptomatic patients. Our center typically performs this at the time of our 
6-month follow-up and if recurrent symptoms occur.

 Other Studies

The workup of these patients can essentially be completed with the above studies, 
but rarely patients may present with postoperative dysphagia even when manometry 
is consistent with achalasia and when an adequate myotomy has been performed. 
Should this happen, computed tomography and/or endoscopic ultrasound may be 
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useful adjuncts in identifying the unfortunate scenario of a previously missed pseu-
doachalasia secondary to a submucosal tumor or a tumor outside of the esophagus 
[36, 37].

 Treatment

Endoscopic therapy, revisional surgery, esophagectomy, and newer endoscopic 
approaches to myotomy are all considerations for the treatment of persistent and 
recurrent dysphagia.

 Pneumatic Balloon Dilatation

Balloon dilatation is a relatively noninvasive procedure that uses increasing intra-
balloon pressure to disrupt the fibers of the LES. The balloon dilatations used in 
these cases are larger (30–40 mm) than the 20 mm balloon dilatations mentioned 
earlier in the endoscopy section so as to adequately disrupt the LES fibers. The 
procedure carries a low risk of perforation because the previous myotomy site is 
covered by the stomach if a Dor fundoplication is performed and the left lateral seg-
ment of the liver if a Toupet is performed. Dilatation to treat recurrent dysphagia 
following Heller myotomy has reported early success rates ranging from 30% to 
80% [12, 38]. Zaninotto and colleagues performed a retrospective review of 113 
patients, 9 of these patients (8%) had recurrent dysphagia following laparoscopic 
Heller myotomy and Dor fundoplication [25]. Seven of the nine patients were effec-
tively treated with balloon dilatation (median, two dilatations; range, 1–4), and two 
patients required reoperation. Sweet et al. described similar results in patients with 
both persistent and recurrent dysphagia [6]. These considerations make balloon 
dilatation a good treatment option for patients presenting with dysphagia following 
myotomy.

 Revisional Surgery

Revisional surgery should be considered if there is evidence of esophageal obstruc-
tion that can be improved with myotomy extension or takedown of the fundoplica-
tion, and symptoms fail to respond to pneumatic dilatation. If the patient has already 
undergone an extended myotomy, the need for reoperation should be rare unless 
there is an abnormality with the fundoplication [23]. In addition, reoperation carries 
a risk of irreparable damage to the esophageal mucosa that may require an esopha-
gectomy, a high-risk procedure, even at high-volume centers.

In those patients whose diagnostic workup suggests that the original myotomy 
was not extended well enough onto the stomach (or the esophagus), a redo myot-
omy is reasonable to consider. It is also reasonable to consider a redo myotomy for 
those in whom we believe the main problem is fibrosis/scarring that is 
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nonresponsive to pneumatic dilatation. Intraoperatively, we either extend the prior 
scarred myotomy or perform the second myotomy to the side of the previous myot-
omy (Fig. 39.8). This allows the surgeon to take advantage of the uncut muscularis 
layer of the esophagus and the stomach [22, 23]. The myotomy should be extended 
for 3–4 cm below the GEJ and superiorly on the esophagus as far as the prior effec-
tive myotomy. Once the myotomy is completed, the surgeon should determine 
whether or not to perform a fundoplication. If the mucosa is inadvertently injured, 
performing a Dor fundoplication to buttress the repair may decrease the chance of 
immediate complications and prevent further reflux. In the absence of perforation, 
our tendency is to, in most cases, avoid performing a fundoplication in the setting of 
a redo operation, particularly in the presence of a dilated esophagus [22]. Our ratio-
nale is based on three concepts: (1) dysphagia, not GERD, is the primary indication 
for reoperation; (2) should the fundoplication fail or exacerbate dysphagia, a third 
operation would be increasingly difficult; and (3) abnormal reflux can be more eas-
ily treated with medications than dysphagia. This approach has been supported by 
several studies in the literature [34, 38–40]. However, if the esophagus is normal 
and there is a clear abnormality corrected (i.e., inadequate myotomy, misconfigured 
fundoplication), one can then consider a fundoplication if reasonably confident that 
it will not result in recurrent obstruction.

 Peroral Endoscopic Myotomy (POEM)

Peroral endoscopic myotomy is a newer endoscopic technique for performing a 
LES myotomy that was developed in 2008 (Fig.  39.9). Early studies have been 
associated with excellent relief of dysphagia, and a recent long-term study by 
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extension

Fig. 39.8 Revisional 
surgery for recurrent 
achalasia. The surgeon can 
extend the prior scarred 
myotomy (right) or 
perform a new myotomy 
(solid oval) to the side of 
the old myotomy
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Hungness et al. reported symptomatic relief in 92% of patients with a low rate of 
complications (follow-up range 12–52  months) [41–43]. Forty percent of these 
patients had objective evidence of reflux. While a laparoscopic myotomy is per-
formed on the anterior wall of the esophagus, the POEM procedure can be per-
formed on the posterior wall of the esophagus. This makes POEM a reasonable 
consideration in patients presenting with persistent or recurrent dysphagia after a 
failed myotomy or redo operation and may allow patients to avoid an esophagec-
tomy. One limitation of the POEM in cases of recurrent dysphagia is that it does not 
address the fundoplication as an etiology for the patient’s dysphagia. If a fundopli-
cation was performed at the time of initial surgery, this approach does not allow for 
the fundoplication to be taken down. Because of this, POEM is an ideal option in 
those patients without a prior fundoplication. If a POEM is performed in the setting 
of a prior fundoplication, and dysphagia persists, one should consider taking it 
down in a subsequent setting. Use of the POEM procedure is not widespread and is 
only available at a limited number of centers with highly trained surgical endosco-
pists and gastroenterologists. While the initial studies are promising, further long-
term studies are needed, particularly related to recurrent dysphagia before 
widespread use recommendations can be made.

 Esophagectomy

Esophagectomy is associated with a mortality rate between 1% and 4%, even in 
expert hands [44, 45]. Devaney and colleagues reported a 10% rate of anastomotic 
leak, 5% rate of hoarseness, and 2% rate of bleeding among 93 patients who had an 
esophagectomy for achalasia [45]. As a result, it should only be undertaken when all 
other less invasive options are exhausted. At that point, esophagectomy should be 
considered in patients with end-stage achalasia, characterized by a sigmoid-shaped 
esophagus, and those who have already failed a myotomy or redo myotomy [34]. 

Fig. 39.9 Intraoperative 
photo of a POEM. This 
technique allows for 
endoscopic division of the 
esophageal muscle fibers, 
avoiding the need for 
laparoscopy
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Given the risks of an esophagectomy, the lower morbidity of a laparoscopic redo 
myotomy, and some success with a redo myotomy in end-stage patients [34], we 
tend to offer esophagectomy only to those patients who do not improve after a redo 
myotomy. In terms of surgical approach, the esophagus is frequently dilated with 
large collateral veins on the surface that make the transhiatal approach risky. Our 
approach in these patients is to dissect the esophagus under direct vision either tho-
racoscopically or via thoracotomy [22, 23].

 Conclusion

Laparoscopic Heller myotomy with partial fundoplication is the procedure of 
choice for patients with achalasia. Persistent or recurrent dysphagia can develop 
over time secondary to surgical technique, fibrosis, fundoplication configuration, 
reflux, or esophageal cancer. A systematic and thorough approach is necessary 
for the diagnostic evaluation of these patients to help determine the most appro-
priate treatment modality. Endoscopic therapy and revisional surgery are the cor-
nerstones of treatment, and newer endoscopic therapies may provide a more 
minimally invasive approach to the management of this disease. Esophagectomy, 
however, should be considered as a surgical option in cases that are refractory to 
these less invasive treatment therapies to open the LES.
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Ezra N. Teitelbaum and Lee L. Swanstrom

 Background and Current Standard of Care

Achalasia is the most common primary esophageal motility disorder, resulting from 
an immune-mediated loss of neurons of the myenteric plexus of the esophagus [1]. 
This neuronal death causes a failure of esophagogastric junction (EGJ) relaxation 
and esophageal body peristalsis with swallowing, leading to symptoms of dyspha-
gia, regurgitation, chest pain, and weight loss. Unfortunately, there is no therapy 
that can restore normal EGJ and esophageal body function in patients with achala-
sia. Current treatment modalities seek to palliate symptoms by decreasing the rest-
ing tone of the EGJ, which allows for passive transit of food boluses into the 
stomach. Medications are generally ineffective in producing more than a transient 
and minimal improvement in symptoms, and therefore procedural interventions that 
mechanically disrupt the muscle fibers of the lower esophageal sphincter (LES) 
form the mainstay of modern treatment.

Two such procedures, endoscopic pneumatic dilation (PD) and laparoscopic 
Heller myotomy (LHM), have been considered standard of care for the last 20 years. 
The recent European Achalasia Trial randomized patients to PD or LHM and found 
no significant difference in symptomatic outcomes at 2 and 5 years post-procedure 
[2, 3]. These results have led many to view the two procedures as equivalent in effi-
cacy, despite the fact that all patients in the PD arm received at least two dilations as 
part of the study protocol. A recent meta-analysis of all three randomized trials 
comparing PD and LHM showed that LHM results in superior symptom palliation 
[4], as did a meta-analysis of non-randomized trials comparing the procedures [5]. 
Furthermore, long-term outcomes from single institution series suggest that LHM 
results in more durable efficacy, with less need for reintervention for symptom 
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recurrence [6]. For this reason, most surgeons consider LHM to be a better initial 
treatment option for most patients with newly diagnosed achalasia. PD still has a 
role for patients who may be medically unfit or do not wish to undergo a surgical 
procedure and general anesthetic. PD is also useful in patients who have had a prior 
LHM and present with recurrent or persistent symptoms.

As described previously in this textbook, per-oral endoscopic myotomy (POEM) 
is a novel operation for the treatment of achalasia. POEM uses techniques of sub-
mucosal dissection to create a controlled myotomy across the LES completely 
endoscopically, as shown in Fig. 40.1. POEM theoretically combines the advan-
tages of both PD (no incisions, faster recovery) and LHM (superior efficacy and 
durability, single intervention). While direct comparison and long-term outcome 
data are limited, published POEM results have thus far been promising, and the 
procedure is quickly being adopted by centers around the world. This commentary 
will review the reported outcomes after POEM, with a focus on comparisons with 
the current surgical standard-of-care LHM.

 Perioperative Safety and Outcomes

POEM offers several theoretical advantages over LHM. The most straightforward 
of these is that it is a completely endoscopic procedure, without the need for skin 
incisions or transabdominal trocar placement. While this should result in less 

a b c d e f

Fig. 40.1 POEM operative steps with representative endoscopic images. (a) A sclerotherapy nee-
dle is used to create a submucosal bleb 4–6 cm above the planned proximal extent of the myotomy. 
A longitudinal mucosotomy is then created, and the scope tip, with a clear dissecting cap, is 
advanced into the submucosal space. Using a combination of hydro, blunt, and cautery dissection, 
the submucosal tunnel is extended (b) to at least 3 cm distal to the squamocolumnar junction (SCJ) 
(c). Adequacy of the tunnel length is confirmed by retroflexion of the endoscope in the stomach and 
observing the extent of blue dye onto the stomach wall. A selective myotomy of the inner, circular 
muscle layer is then performed (d), extending 3 cm distal to the SCJ. After myotomy completion 
(e), the mucosotomy is closed with endoscopic clips (f). (Figure from Hungness et al. [7])
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postoperative pain and faster return to activities, these advantages should not even 
be considered unless the procedure has an equivalent perioperative safety profile to 
the existing standards of care. Fortunately, a number of large single-center series, as 
well as recent meta-analyses, have demonstrated that POEM is as safe as LHM.

Professor Haruhiro Inoue was the first to perform POEM clinically in 2008 and 
recently published results from his first 500 cases [8]. These resulted in a complica-
tion rate of 3.2%, including pneumothorax, pleural effusion, bleeding, and mucosal 
perforation. However, all complications were managed either during the index 
POEM procedure or with conservative measures postoperatively, and no patients 
required reoperation. The Northwestern group reported a major complication rate of 
2.7% with minor complications occurring in 15.2% of patients, of which urinary 
retention was the most common [7]. Our group reported an overall complication 
rate of 6% in the first 100 cases [9]. A recent meta-analysis of series that directly 
compared outcomes between POEM and LHM (all in a non-randomized fashion) 
showed no difference in perioperative complication rates or hospital length of stay 
[10]. A separate meta-analysis consisting of single-arm POEM and LHM series 
included 1958 and 5834 patients, respectively, and concluded that as “morbidity and 
mortality were extremely low for both procedures, we were not able to perform any 
statistical analysis regarding those outcomes” [11]. Certainly, mortality is extremely 
uncommon after POEM, with a systematic review showing 1 death in 1112 patients 
(0.09%) due to generalized cachexia from achalasia rather than a POEM-specific 
complication [12]. Taken together these results suggest that POEM and LHM have 
equivalent morbidity profiles and that when performed by experienced practitio-
ners, POEM should no longer be considered an “experimental” operation when it 
comes to perioperative safety.

In most series from centers in the United States, over 90% of patients have only 
a 1-day hospital length of stay [7, 9], and there is some evidence that the procedure 
results in less pain and a quicker functional recovery than LHM. Ward and col-
leagues analyzed 41 patients who underwent POEM and 24 who had a LHM at the 
same institution and found the POEM patients to have less pain at discharge and a 
faster return to activities of daily living and work [13]. Given the minimal convales-
cence following the procedure, some centers are transitioning to performing POEM 
as an “outpatient” operation with same-day discharge.

 Symptomatic and Physiologic Outcomes

As all current therapies for achalasia are palliative rather than curative, the main 
indicator of their success is symptom improvement or resolution. The most com-
monly used symptom measure has been the Eckardt score, which grades the fre-
quency of dysphagia, regurgitation, and chest pain, as well as the amount of weight 
loss, as shown in Table 40.1. Both PD and LHM have been shown to be extremely 
effective in improving symptoms in the vast majority of patients. In the recent 
European Achalasia Trial which randomized patients between LHM and a series of 
at least two PDs, 90% and 86% of patients, respectively, achieved “symptomatic 
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success” (i.e., an Eckardt score ≤ 3) at 2 years post-intervention [2]. Other LHM 
series have shown similar results, with approximately 85–95% of patients experi-
encing significant relief of dysphagia [4]. Despite the initial success of these proce-
dures, some patients go on to develop a recurrence of symptoms years later. In the 
European Achalasia Trial, for example, success rates for LHM and PD decreased to 
84% and 82% after 5 years [3].

From the published data to date, POEM appears to be as efficacious as LHM for 
palliating symptoms of achalasia. Initial case series with 6–12-month follow-up 
showed excellent initial efficacy, with significant symptom resolution in 90–95% of 
patients [14, 15]. As with LHM, there appears to be some late-term symptom recur-
rence after POEM. Series with longer outcomes in the 2–3-year range have reported 
success rates of 79–92% [7, 8, 16], shown in Table 40.2. Our own recently pub-
lished results at a follow-up interval of 5 years are the longest in the literature thus 
far. We found sustained symptomatic success in 83% of achalasia patients treated 
with POEM, and none required reintervention for persistent or recurrent symptoms 
[17]. As with LHM, dysphagia and regurgitation are improved in almost all patients 
after POEM, whereas chest pain is more variable in its response to treatment.

In addition to palliating symptoms, POEM results in a dramatic improvement in 
esophageal physiology. Uniformly across published series, follow-up high- 
resolution manometry has demonstrated significant decreases in EGJ resting and 
relaxation pressures, and timed esophagram has shown vastly improved esophageal 
emptying [7, 14]. A novel measurement tool, the functional lumen imaging probe 
(FLIP), measures EGJ distensibility, which has been shown to be a better correlate 
of post-intervention symptomatic success than manometric pressure measurements 
in patients with achalasia [18]. Intraoperative FLIP measurements have shown that 
POEM actually results in a greater improvement in EGJ distensibility than LHM, a 
finding that may predict superior postoperative symptomatic results [19].

Table 40.1 The Eckardt symptom score for achalasia. The final score (range 0–12) is a sum of the 
four component scores, with higher scores indicating more severe symptoms

Score
Symptom 0 1 2 3
Dysphagia None Occasional Daily With every meal
Regurgitation None Occasional Daily With every meal
Chest pain None Occasional Daily Several times a day
Weight loss (kg) 0 <5 5–10 >10

Table 40.2 Published outcomes of greater than 2 years after POEM for treatment of achalasia

Study
Number of 
patients

Follow-up 
interval (months)

Treatment 
success rate

Postoperative 
GER

Werner et al. [16] 80 29 79% NR
Hungess et al. [7] 112 24 92% 40%
Nabi et al. [15] 172 (with 2-year 

follow-up)
24 91% 28%

Teitelbaum et al. [17] 23 65 83% 38%

GER gastroesophageal reflux, NR not reported

E. N. Teitelbaum and L. L. Swanstrom
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There was early concern that POEM would result in unacceptable rates of postop-
erative gastroesophageal reflux (GER), because it does not include an anti-reflux 
procedure as is typically performed during LHM (in the form of a partial fundoplica-
tion). Thus far, it appears that POEM may in fact cause a higher rate of GER than 
LHM but that the difference is likely small. When measured by follow-up 24-hour 
pH monitoring studies, POEM series have shown abnormal rates of esophageal acid 
exposure ranging from 28% to 38% [15, 17, 20]. The literature regarding the inci-
dence of GER after LHM is extremely variable, with randomized trials reporting 
abnormal 24-hour pH testing in 9–42% of patients [2, 21, 22]. It is likely that preser-
vation of the phrenoesophageal ligament and angle of His during POEM is partially 
protective against GER postoperatively, resulting in a smaller increase in reflux than 
might be expected. It is our current practice to place all patients on a proton pump 
inhibitor or H2 antagonist post-POEM and then test them off therapy at 1 year. Those 
with normal esophageal acid exposure at that point can stop their medication, 
whereas those with abnormal testing remain on lifelong anti-secretory therapy.

 Patient-Specific Considerations

There are some important patient-specific physiologic and anatomic factors that 
may favor the use of either POEM or LHM. The first is patients with spastic or 
hypercontractile motility disorders such as type III achalasia, distal esophageal 
spasm, or jackhammer esophagus. In such patients, an abnormally contracting 
esophageal body is likely responsible for at least some of their symptoms, most 
notably chest pain. This is opposed to patients with type I and II achalasia, in which 
impaired esophageal emptying due to a non-relaxing EGJ is the primary patho-
physiologic mechanism. During LHM, the proximal extent of the myotomy is lim-
ited to 6–10 cm cephalad to the EGJ. Therefore the entire contractile segment of the 
esophagus cannot be addressed in patients with spastic disorders, as compared with 
POEM where there is no limit to the proximal extent of the myotomy. Although the 
data are limited, it appears that POEM may result in superior outcomes in this 
patient subgroup. A multi-institution analysis comparing results in patients with 
only type III achalasia showed a higher rate of clinical response after POEM than 
LHM (98% vs. 81%) [23]. Not surprisingly, the average myotomy length was twice 
as long (16 cm vs. 8 cm) in the POEM cases.

Another important patient subgroup to consider is those with a hiatal hernia. In 
such patients, the normal anatomic anti-reflux flap valve created by the phreno-
esophageal ligament and angle of His has already been lost. Therefore it stands to 
reason that if the LES is additionally ablated by a myotomy, the patient will develop 
severe reflux. Although limited to just a handful of patients within larger series, it 
appears that patients with preoperative hiatal hernias or those who develop them 
postoperatively will suffer from severe GER [7]. In our series, one such patient went 
on to require reoperation with a laparoscopic hiatal hernia repair and Toupet fundo-
plication in order to definitely control his reflux [17]. Thus, if a patient is found to 
have a hiatal hernia preoperatively, they would likely be better served by undergoing 
a LHM with concurrent reduction and repair of the hernia, as opposed to POEM.
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 Conclusions
While POEM is a relatively new intervention for the treatment of achalasia, there 
have been close to 2000 reported cases in the literature, and we are beginning to 
gain a firm understanding of the perioperative as well as short- to medium-term 
outcomes after the procedure. POEM is a safe operation as LHM and likely 
results in less pain and faster return to activities. In terms of relief of symptoms, 
the two operations appear to be equivalent, with the understanding that POEM 
outcomes have only been reported out to 5 years. There is likely a slightly higher 
rate of iatrogenic GER after POEM, but almost all patients with postoperatively 
reflux can be managed with medical therapy. Overall, both operations are excel-
lent treatments for achalasia. POEM should no longer be considered an experi-
mental procedure, and physicians should facilitate in-depth discussions regarding 
the relative advantages and disadvantages of each modality (including PD) so 
that patients can choose the intervention that best suits their preferences. In the 
coming years, POEM, LHM, and PD will all be considered reasonable, standard-
of-care treatment options. However, it is possible that POEM will rather quickly 
become the procedure of choice, due to its unique combination of therapeutic 
efficacy, durability, and minimal invasiveness.
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41Diagnosis and Medical Management 
of Other Esophageal Motility Disorders

Mohammed Zakari, William Hirsch, and Anthony Lembo

 Diffuse Esophageal Spasm (DES)

 Definition and Epidemiology

DES is characterized by uncoordinated contractions of the smooth muscle portion 
of the esophagus that manifest clinically with chest pain and dysphagia. DES is 
uncommon, occurring in only 24 (2.2%) of 1070 consecutive patients evaluated by 
high-resolution manometry (HRM) [1], and may occur more commonly in women 
and the elderly [2].

 Pathophysiology and Pathogenesis

DES is believed to result from an imbalance between excitatory and inhibitory 
innervation of the esophagus leading to premature and simultaneous contractions. 
Gastroesophageal reflux disease (GERD) coexists with DES in up to 70% of patients 
[2, 3], though its role in the pathogenesis of DES is controversial. Thickening of the 
muscularis propria and lower esophageal sphincter (LES) has been reported in 
patients with DES [4, 5]; the significance of these findings remains unclear. Finally, 
DES has also been associated with opioid intake [6].
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 Clinical Presentation

Patients with DES typically present with dysphagia and chest pain. Among 108 
consecutive patients with DES, dysphagia for solids and liquids was present in 51%, 
while retrosternal chest pain was present in 29% [2]. Heartburn and regurgitation 
are also frequently reported. Dysphagia in patients with DES appears to be second-
ary to bolus entrapment in the spastic segment [7]. Chest pain in patients with DES 
is presumed to be due to the spastic contractions [8], visceral hypersensitivity  
[9, 10], or potentially GERD.

 Differential Diagnosis

See Table 41.1.

 Diagnosis

Esophageal manometry is generally required to definitively establish the diagnosis 
of DES. However, additional testing may be required depending on the symptoms 
at the time of presentation (Table 41.1). For example, if dysphagia is present, an 

Table 41.1 Differential diagnosis of esophageal symptoms. Adapted from UpToDate

Dysphagia predominant presentation
Noncardiac chest pain predominant 
presentation

Intrinsic mechanical lesions
Benign tumors
Caustic esophagitis/stricture
Diverticula
Malignancy
Peptic stricture
Eosinophilic esophagitis
Infectious esophagitis
Pill esophagitis
Postsurgery (laryngeal, esophageal, gastric)
Radiation esophagitis/stricture
Rings and webs
Lymphocytic esophagitis

Gastroesophageal reflux
Non-reflux esophagitis, e.g., 
medications, infections, or radiation 
injury
Eosinophilic esophagitis
Esophageal motility disorder
Functional chest pain

Extrinsic mechanical lesions
Aberrant subclavian artery
Cervical osteophytes
Enlarged aorta
Enlarged left atrium
Mediastinal mass (lymphadenopathy, lung cancer, etc.)
Postsurgery (laryngeal, spinal)
Primary motility disorders
Secondary motility disorders
Chagas disease
Functional dysphagia

M. Zakari et al.
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upper endoscopy should be performed to exclude structural pathologies such as 
stenosis, ring, neoplasia, or peptic esophagitis. An upper endoscopy is also neces-
sary to obtain esophageal biopsies to exclude eosinophilic esophagitis. An endo-
scopic ultrasound is generally not required but may show thickening of the 
esophageal muscularis propria. It should be noted that this finding is not specific for 
DES [5, 11]. A barium swallow is frequently helpful in assessing bolus transit 
through the esophagus. The classic “corkscrew” is suggestive of DES though it is 
not diagnostic (Fig. 41.1) [2, 12].

Figure 41.2 demonstrates a normal swallow on high-resolution esophageal 
manometry. DES is defined manometrically by the presence of at least 20% wet 
swallows being associated with reduced distal latency (DL < 4.5 s) in the setting of 
normal lower esophageal sphincter (LES) relaxation (Fig.  41.3). The current 
Chicago V3 Classification for DES utilizes DL measurement rather than contractile 
velocity as the DL is more reliable in diagnosing DES [1].

 Treatment

 Pharmacological Treatments
Pharmacological treatment options include acid suppression therapy, smooth mus-
cle relaxants, and neuromodulators. It should be acknowledged for all treatment 
options that there is a general absence of large, high-quality randomized controlled 
trials (Table 41.2).

Smooth Muscle Relaxants
Smooth muscle relaxants such as calcium channel blockers, nitrates, anticholiner-
gics, sildenafil, and peppermint oil decrease smooth muscle contraction amplitude, 

Fig. 41.1 Barium swallow shows the corkscrew esophagus (caused by multiple simultaneous 
contractions), which is suggestive of DES although not diagnostic
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Fig. 41.2 Contractile deceleration point (CDP) represents the inflexion point in the contractile 
front propagation velocity in the distal esophagus. Distal latency (DL) measured from UES relax-
ation to the CDP (normal > 4.5 s). Integrated relaxation pressure (IRP) measures the effectiveness 
of the esophagogastric junction (EGJ) relaxation during swallow by measuring the average mini-
mum pressure for 4 of the 10 s following a swallow (normal <15 mmHg). Distal contractile inte-
gral (DCI) measures the vigor of the esophageal contraction by combining the length of the 
esophagus with the contractile amplitude and duration (normal DCI >450  mmHg/cm/s but 
<8000  mmHg/cm/s). Contractile frontal velocity (CFV). Upper esophageal sphincter (UES). 
Lower esophageal sphincter (LES)

Fig. 41.3 Distal 
esophageal spasm (DES) is 
defined as a normal 
esophagogastric junction 
(EGJ) relaxation (i.e., 
normal IRP <15 mmHg) 
and at least 20% of 
premature contractions 
[distal latency 
(DL) < 4.5 s]

M. Zakari et al.
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Table 41.2 Clinical trials of pharmacological treatment of diffuse esophageal spasm

Treatment Dose
Type of 
study

No of 
patients

Outcome 
measure Results

Nifedipine 
[13]

10 mg 
TID

Placebo- 
controlled; 
randomized; 
cross-over

20 mixed 
spastic 
esophageal 
motility 
disorders

Likert scale 
0–10 (chest 
pain/
dysphagia)

Improvement in 
symptom score, 
LES pressure 
and amplitude of 
esophageal 
contractions

Nifedipine 
[14]

10–20 mg 
TID

Open-label 6 Manometry, 
symptom 
change Likert 
scale

5/6 (83%) at 
least 50% 
symptom relief; 
60% reduction in 
spontaneous 
contractions

Nifedipine 
[15]

10–30 mg 
TID

Placebo- 
controlled

8 Pain or 
dysphagia as 
mild, 
moderate, or 
severe

No significant 
difference 
between 
frequency and 
severity of pain 
or dysphagia

Diltiazem [16] 60 mg 
TID

Placebo- 
controlled; 
double- 
blind; 
cross-over

8 Daily diaries 
using visual 
analogue 
scales for 
dysphagia and 
chest pain

Most patients 
had 
improvement in 
chest pain and/or 
dysphagia 
(although no 
significant 
difference 
between 
diltiazem and 
placebo)

Nitrates [17] Variable 
doses

Consecutive 12 Symptom 
change

Unpredictable 
response in 
patients with 
GERD (7 pt), 
good response in 
the absence of 
GERD (5 pt)

Nitroglycerine 
[18]

100–
200 μg/
kg/hr

Consecutive 5 Symptom 
change and 
manometry

Improvement of 
symptom score 
and significant 
reduction in 
duration of 
contractions

Peppermint 
oil [19]

5 drops Consecutive 8 Manometry All patients had 
a complete 
elimination of 
spasm. Two 
patients reported 
resolution of 
chest pain

(continued)
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thereby promoting esophageal relaxation. Among the calcium channel blockers, 
only nifedipine and diltiazem have been studied, though in small clinical trials 
(Table 41.2). The three trials with nifedipine have shown inconsistent clinical effects 
[13–15]. The only trial with diltiazem showed no difference over placebo [16]. The 
one trial with nitroglycerine and long-acting nitrites showed improvement in chest 
pain in patients with DES but not those with GERD-associated DES [17]. In an 
open-label case report in two patients with DES, sildenafil (25–50 mg twice daily), 
a phosphodiesterase type V inhibitor that potentiates endogenous nitrous oxide, 
improved dysphagia and chest pain as well as reduced spasm on manometry [20]. 
Finally, five drops of peppermint oil in 10 mL of water eliminated spasm in all eight 
patients, with resolution of chest pain in two of the eight patients [19].

Neuromodulator Therapy
Clouse et  al. conducted a 6-week randomized, double-blind placebo-controlled 
trial with trazodone (100–150 mg/day) on 29 patients with DES and chest pain. 
The trazodone group demonstrated greater global improvement than the placebo 
group independent of manometric improvement [21]. In an open-label study 
involving nine patients with DES, the majority of which had major psychiatric 
disorders, only one patient responded to nitrates, while eight responded to trazo-
done (50 mg/day) [22].

Table 41.2 (continued)

Treatment Dose
Type of 
study

No of 
patients

Outcome 
measure Results

Sildenafil [20] 25–50 mg 
BID

Open-label 2 Manometry 
and symptom 
change

Improvement in 
symptoms (chest 
pain and 
dysphagia) and 
manometry

Trazodone 
[21]

100–
150 mg

Placebo- 
controlled; 
double-blind

29 various 
motility 
disorders

Global 
improvement 
scores

Greater global 
improvement 
with trazodone. 
Resolution of 
chest pain

Trazodone 
[22]

15 mg QD 
followed 
by 
trazodone 
50 mg QD

Placebo- 
controlled

9 Symptom 
change

5/9 psychiatric 
disorder; 1/9 
improved on 
Isordil 15 mg. 
8/9 improved 
with trazodone. 
Resolution of 
chest pain

Imipramine 
[23]

50 mg 
QHS, 
clonidine 
0.1 mg 
BID

Placebo- 
controlled; 
double-blind

12 Symptom 
diaries, rating 
of chest pain

Imipramine 
group had 52% 
reduction in 
chest pain vs. 
placebo
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Acid-Suppressive Medications
Currently no studies have been published specifically looking at the effect of PPIs 
in DES though several studies have shown PPIs to improve noncardiac chest pain 
[24–27], and therefore a trial of PPIs in patients with DES is generally advisable.

 Endoscopic Treatment

Botulinum Toxin (BTX) Injection
By blocking the release of acetylcholine from the neurons at the neuromuscular 
junction in the myenteric plexus, thereby restoring the balance between excitatory 
and inhibitory neurotransmitters, BTX induces smooth muscle relaxation. In a pro-
spective, double-blind, RCT in 22 patients (15 DES patients: 8 received sham, 7 
received BTX), botulinum toxin resulted in significant relief in dysphagia in all 8 
patients compared to patients who received saline injections [28]. Likewise, in a case 
report of patient with refractory DES complicated by chest pain and dysphagia, BTX 
injections (total of 100 U: 10 injections, starting at lower esophageal sphincter (40 U) 
and moving proximally along the esophagus (60 U) at 1–1.5 cm intervals) resulted 
in significant improvement in patient’s dysphagia and chest pain [29]. It should be 
noted that BTX effects are generally of limited duration (i.e., approximately 
6 months) and the effects of repeat BTX injections are unclear [30]. BTX injection 
is generally considered to be safe though complications have been reported [31].

Pneumatic Balloon Dilation
In one retrospective study from 1992 in patients with refractory DES, balloon pneu-
matic dilatation (rigiflex 30 mm or 35 mm) improved symptoms in 14 of 20 patients, 
including one patient who had an esophageal perforation [32]. Because of the asso-
ciated risks and the fact that pneumatic balloon dilatation only treats the LES, this 
approach is generally not advised unless LES relaxation is compromised.

 Surgical Treatment

Per Oral Endoscopic Myotomy (POEM)
Few case reports have demonstrated efficacy of POEM in the management of DES 
[33–35]. Nevertheless, long-term follow-up and randomized trials are needed to 
advocate this approach.

 Prognosis and Complications

While evidence suggests that most patients with DES show symptomatic improve-
ment over time [36], on occasion, significant troublesome sequels may develop in 
patients with DES. For example, progression from DES to achalasia has been docu-
mented in several studies [37, 38]. Potential risk factors for development to achala-
sia include the presence of dysphagia and simultaneous waves associated with low 
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amplitude [38]. Likewise, esophageal epiphrenic diverticulum may develop as a 
consequence of DES (Fig. 41.4) [39].

 Hypercontractile Esophagus (HE)

 Definition

Hypercontractile esophagus (HE) is defined on high-resolution esophageal manom-
etry by the presence of at least two swallows with very high amplitude of contrac-
tions (distal contractile integral (DCI) >8000 mmHg/sec/cm) in association with 
normal latency [40]. It is worth mentioning that this particular DCI value (i.e., 
>8000) was not seen in healthy subjects [41]. HE is often accompanied by esopha-
geal symptoms such as dysphagia or chest pain, especially if at least two swallows 
have been recognized to be hypercontractile in an esophageal manometry study 

c
d

ba

Fig. 41.4 Barium and endoscopic appearance of esophageal epiphrenic diverticulum
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[42]. In the Chicago V3 Classification of esophageal motility disorders, HE replaced 
“nutcracker esophagus” (NE) in its diagnostic algorithm [40] and is sometimes 
referred to as ‘Jackhammer Esophagus’.

 Epidemiology

HE is a rare esophageal motility disorder with prevalence estimate of approximately 
4% [43]. Prevalence of HE seems be to slightly more common in females [43].

 Pathophysiology and Pathogenesis

HE appears to arise from primary muscle hypercontractility secondary to an excess 
cholinergic activity [43, 44]. Increased esophageal muscle thickness has been 
observed [4] as well as discoordination between the contractions of the circular and 
longitudinal muscle layers of the esophagus [45–47]. HE is also associated with 
gastroesophageal junction (GEJ) obstruction [43, 48, 49]. HE may also develop as 
a consequence of an underlying gastroesophageal reflux [50, 51]. Eosinophilic 
esophagitis (EE) has rarely been associated with HE [52]. Finally, some patients 
with hypertensive contractions exhibit increased somatization, depression, or anxi-
ety suggesting that psychological disorders may contribute to symptoms and poten-
tially pathogenesis [53].

 Clinical Presentation

Dysphagia and chest pain are the most common symptoms associated with HE. In a 
recent study, dysphagia and chest pain were reported in 67.6% and 47.1% of the 
patients, respectively [54].

 Diagnosis

An upper endoscopy should be considered in patients presenting with dysphagia. If 
performed, esophageal biopsies are recommended to rule out EoE. Occasionally, 
robust peristaltic contractions can be seen causing, in extreme cases, difficulty in 
further advancement of the scope because of the resistance attributed to the hyper-
contractile segments [55]. EUS has a limited role though if concomitant GEJ out-
flow obstruction is present, it may be helpful in excluding mechanical causes for 
LES dysfunction [11]. Ambulatory pH testing may be helpful in understanding 
whether GERD is present, especially those who present with chest pain or reflux 
symptoms not responding to PPI therapy. Barium swallow may be helpful in patients 
with dysphagia to exclude subtle esophageal strictures or rings. EMS is the gold 
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standard for diagnosing HE (Fig. 41.5) [56]. HE is defined by the presence of at 
least two swallows with very high amplitude of contractions in association with 
normal distal latency [40].

 Treatment

The most effective treatment of HE has not been defined, and options include medi-
cal, endoscopic, or surgical therapy [57].

 Pharmacological Treatment
Similar to other esophageal dysmotility disorders, pharmacological treatment 
options include nitrates, calcium channel blockers, phosphodiesterase-5 inhibitors, 
and proton pump inhibitors [57]. However, to date, no studies have been published 
with these treatments specifically in patients with HE. These medications may show 
potential benefits and should be attempted initially. However, they might be associ-
ated with some adverse events, and hence selection of certain treatment should be 
individualized and based on the patient’s specific clinical presentation.

 Endoscopic Treatment
Endoscopic treatment may be an alternative therapeutic option if patients do not 
respond to medical therapy. A recent retrospective study suggests that BTX injec-
tion (80–100 IU) in the esophageal body helps to improve symptoms in patients 
with HE, and this effect may last for more than 6 months [58].

 Surgical Treatment
Few case reports have shown that POEM may be an effective management for HE 
[55, 59]. It allows for more extensive myotomy to involve the esophageal body 
where hypercontractility occurs [60]. Further conclusive evidence is still required to 

DCI= 17480 mmHg.cm.sec

Fig. 41.5 Hypercontractile 
esophagus is defined as at 
least 20% of wet swallows 
associated with propagated 
contraction in the smooth 
muscle with a 
DCI > 8000 mmHg/cm/s 
with a normal distal latency 
(DL) and integrated 
relaxation pressure (IRP)
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support its efficacy in HE and advocate this surgical option. Because of potential 
morbidity associated with POEM, this therapy should be reserved for the patients 
who are refractory to medical or endoscopic treatment.

 Prognosis and Complications

The natural history and long-term outcomes for patients with HE are largely 
unknown. Several reports have documented progression of HE and nutcracker 
esophagus to achalasia [61]. Predictors of progression need to be determined though 
poorly relaxing LES (high IRP) may be implemented [62].

 Absent Contractility (AC)

 Definition

Absent contractility (AC) is defined in Chicago V3 Classification by complete 
absence of esophageal contractions in all swallows (100% failed peristalsis) with 
appropriate relaxation of the LES (i.e., median IRP < 15 mmHg) [40]. Since type 1 
achalasia is also associated with 100% failed peristalsis, special attention to the LES 
is needed particularly when IRP values are borderline or when there is evidence of 
esophageal pressurization [40]. AC is commonly associated with systemic sclerosis 
(SSc) (hence the previous name “scleroderma- like motility pattern”) though AC can 
be associated with other conditions, such as severe gastroesophageal reflux disease 
(GERD), diabetes mellitus, hypothyroidism, neurological conditions (e.g., 
Parkinson’s disease, stroke), and other collagen vascular disorders (e.g., rheumatoid 
arthritis, systemic lupus erythematosus) (Table 41.3). Often a specific cause cannot 
be determined.

Patients with AC are particularly predisposed to severe gastroesophageal reflux 
and consequently its complications (Table 41.4). In addition, AC is characterized by 
poor esophageal bolus transit and therefore can be associated with significant dys-
phagia. Since SSc is the most frequently described and studied associated disease, 

Table 41.3 Systemic 
disorders associated with 
absent contractility

Systemic lupus erythematosus
Rheumatoid arthritis
Amyloidosis
Severe gastroesophageal reflux disease (GERD)
Diabetes mellitus
Hypothyroidism
Neurological conditions (e.g., Parkinson’s disease, stroke)
Post-fundoplication dysphagia
Chronic alcoholism
Severe esophageal candidiasis
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our discussion here is going to be focused on the esophageal involvement of SSc (or 
what commonly termed “scleroderma esophagus”).

 Epidemiology and Pathophysiology

The prevalence of AC appears to be more common in females than males [63]. In 
SSc, the smooth muscle of the distal two thirds of the esophageal body, including 
the lower esophageal sphincter (LES), is involved [64–68]. Patients with diffuse 
SSc are more likely to have AC than in those with limited SSc as well as patients 
with positive anti-Scl-70 antibody and negative anticentromere antibodies (ACA) 
[69, 70]. The cause of dysmotility in SSc is believed to result from a combination of 
vascular, neural, and myogenic dysfunction, leading ultimately to fibrosis and com-
promised smooth muscle function [71–75].

 Clinical Presentation

Esophageal symptoms from AC include dysphagia (80%), heartburn, and regurgita-
tion (78%) [76, 77]. In addition, patients with SSc are also at significant risk for 
complications associated with GERD (e.g., strictures and Barrett’s esophagus), pill 
esophagitis, and candida esophagitis.

 Diagnosis

Several studies can be utilized to evaluate patients with AC including barium esoph-
agram, upper endoscopy, esophageal manometry, and 24-h pH study. However, the 
diagnosis is mainly established on esophageal manometry (Fig. 41.6).

 Treatment

Early therapy is essential to reduce risk of developing serious complications from 
GERD. Anti-reflux measures such as avoidance of alcohol, smoking, NSAIDs, and 
dietary triggers (e.g., fatty food, chocolate, heavy meals before bed, etc.) as well as 

Table 41.4 Predisposing 
factors to GERD in SSc 
patients

Impaired esophageal peristalsis (low or absent)
Reduced LES pressure
Delayed gastric emptying
Associated hiatal hernia (from shortening of the esophagus)
Autonomic nerve dysfunction
Associated sicca syndrome (due to reduced saliva production)
Decreased mucosal resistance
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sitting up during and after meals and elevating the heads of bed should be imple-
mented. Despite these lifestyle changes, the majority of patients will require acid- 
reducing medications (i.e., PPIs). Most patients are adequately managed with once 
or twice daily dose of PPIs, though some SSc patients may require higher doses 
[78]. Weaning patients’ PPI use to the lowest effective dose necessary to alleviate 
symptoms and heal esophagitis is reasonable.

Refractory patients with AC should only be considered for anti-reflux surgery 
when all other options fail. In general, partial fundoplication is preferred due to 
concerns of postoperative dysphagia.

 Esophagogastric Junction Outflow Obstruction (EGJOO)

 Definition

Esophagogastric junction outflow obstruction (EGJOO) is characterized by impaired 
EGJ relaxation (as defined by a median integrated relaxation pressure (IRP) of ten 
swallows that exceed the limit of normal (i.e., >15 mmHg) in association with pre-
served peristalsis of the esophageal body (Fig. 41.1)) [79–82]. It remains unclear 
whether EGJOO represents incomplete expression of an achalasia syndrome or a 
nonspecific finding of high-resolution manometry (HRM) measurements [83, 84].

 Epidemiology

Among 790 consecutive HRM studies, 60 patients (7.6%) fulfilled the criteria for 
EGJOO [85]. In another study, the number of EGJOO cases increased from 1.7% in 
2011 to 4.8% in 2014 [86]. EGJOO may be more common in women [6, 9].

Fig. 41.6 Absent 
contractility (AC) is 
manometrically defined by 
failed peristalsis in 100% 
of swallows in association 
with normal EGJ 
relaxation (i.e., normal 
IRP)
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 Pathophysiology and Pathogenesis

EGJOO likely represents a heterogeneous group of conditions (Table  41.5). 
Undetected structural etiologies such as neoplasm, stricture, or hiatal hernia 
should be excluded [7, 21, 22, 24, 83, 87]. In a recently published study, among 
39 patients who met the criteria for EGJOO, anatomic abnormalities were found 
in 21 patients (66%) [88]. Likewise, in another study among 49 patients with 
EGJOO, 22 patients (45%) were found to have an anatomic obstruction [86]. The 
size of hiatal hernias appears to correlate proportionally with the risk of outflow 
obstruction [86]; however, it should be noted that the crural diaphragm rather than 
the LES can be the cause of resistance to bolus transit resulting in outflow obstruc-
tion [79, 89].

GERD is commonly observed in patients with functional EGJOO [84] though 
it remains unclear whether GERD is a consequence or a cause of EGJOO [87]. 
The effects of opioids on esophageal motility have been evaluated in several 
studies [6, 90, 91]. In a new study, an increased EGJ outflow obstruction and 
other spastic esophageal motor abnormalities were more frequent in patients 
studied on opiates, suggesting that these medications may result in diminished 
inhibitory input [92]. Therefore, caution should be taken in interpreting esopha-
geal manometry in patients currently taking opioids. An isolated elevated IRP 
value could be an artifact of the procedure. For example, the use of the 95% 
confidence interval to determine the normal upper value of the IRP causes 5% 
of normal subjects to have a high IRP [93]. In addition, diaphragmatic crural 
contractions due to the discomfort associated with the test can cause an ele-
vated IRP values [94]. Other rare reported causes of EGJOO are shown in 
Table 41.5.

Table 41.5 Causes of 
EGJOO

Mechanical causes
EGJ and esophageal mucosal/submucosal neoplasm
Peptic strictures
Eosinophilic esophagitis strictures
Fibrotic stenosis (e.g., after radiotherapy/inflammation)
Sliding hiatal hernia
Paraesophageal hernia
Fundoplication wraps
Esophageal wall infiltrative process
Esophagitis dissecans superficialis
Obstructing esophageal varices
Gastric volvulus or malrotation
Functional causes
Early or incompletely expressed achalasia
GERD
Chronic opioid therapy
Technical limitations (artifacts)
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 Clinical Presentation

The majority of EGJOO patients have mild or intermittent symptoms of dysphagia, 
retrosternal pain, or regurgitation/heartburn [95]. It should be noted that a substan-
tial number of EGJOO patients have no symptoms that can be explained by outflow 
obstruction [83].

 Diagnosis

Evaluation of the esophagus with either upper endoscopy, barium X-ray, or both 
should be performed to exclude structural etiologies [96, 97]. The role of endo-
scopic ultrasonography (EUS) remains unclear but has been reported to identify 
significant lesions otherwise not seen by endoscopy or barium swallow [11, 85]. 
Computed tomography (CT) can also be helpful to exclude infiltrative or inflamma-
tory disorders involving the EGJ and should be considered in patients with persis-
tent symptoms despite negative evaluation [98, 99].

EGJOO is diagnosed on esophageal manometry by an elevated median IRP 
(>15  mmHg) in combination with preserved or weak peristalsis such that the 
criteria for achalasia are not met (Fig. 41.7) [80]. No manometric characteristics 
have been definitely reported to help distinguish structural from functional LES 
obstruction [86]. Mean IRP values appear to be higher in patients with achalasia 
compared to EGJOO from structural causes and lowest in the functional EGJOO 
group [84].

Fig. 41.7 EGJ outflow 
obstruction (EGJOO) is 
characterized by impaired 
EGJ relaxation as evident 
by an IRP >15 mmHg in 
association with normal 
peristaltic contraction

41 Diagnosis and Medical Management of Other Esophageal Motility Disorders



496

Functional lumen imaging probe (FLIP) is a new technology that offers a com-
prehensive evaluation of esophageal function by measuring the cross-sectional area 
and intraluminal pressure of the esophagus while under distension. The distensibil-
ity of the EGJ is assessed by a metric termed the EGJ distensibility index (DI), 
which was demonstrated to be abnormally low in treatment-naïve achalasia [100–
102]. A recently published trial showed that EGJOO patients with normal EGJ-DI 
in the absence of radiological evidence of EGJ obstruction may follow a benign 
course, and subsequently expectant management is warranted [103].

 Treatment

When present, anatomic abnormalities explaining the EGJOO should be cor-
rected. Otherwise, EGJOO patients can be treated with Botox injections, pneu-
matic dilation (PD), or laparoscopic Heller myotomy [79, 84]. The decision of 
treatment should be guided by symptom nature, frequency, and severity. 
Importantly, a subset of EGJOO patients present with symptoms that disappear 
spontaneously, and waiting for some time seems reasonable before pursuing any 
kind of treatment [83].

A retrospective uncontrolled study assessed the effect of BTX injections into the 
LES in 36 patients with EGJOO and reported success with durable response for 
more than 6 months in 58.3% of patients, equivalent to that observed in achalasia 
patients treated similarly [104]. More recently, 60% rate of clinical response has 
been reported at 6 months in 6 patients with EGJ outflow obstruction [58]. Another 
study evaluating botulinum toxin injections in patients with EGJ outflow obstruc-
tion revealed symptomatic relief in 73% at 1 month [104].

Some authors perform myotomy in selected patients with functional EGJOO 
when early achalasia is suspected [84]. POEM was associated with better results 
compared to BTX injection and dilation in subjects with EGJOO [85].

 Prognosis and Complications

Since EGJOO may progress to achalasia [62, 83, 105], patients should be followed 
closely. Future studies are needed to assess risk factors for determining which 
patients with EGJOO progress to achalasia.
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42Other Esophageal Motility Disorders: 
Role for Laparoscopic or Endoscopic 
Myotomy

Francisco Schlottmann and Marco G. Patti

 Clinical Presentation

 Diffuse Esophageal Spasm (DES)

DES is defined by normal peristalsis intermittently interrupted by simultaneous 
contractions (simultaneous contraction >20% and <100%). It was first described by 
Osgood [1] in 1889, who reported a series of six patients with dysphagia and severe 
chest pain. DES is quite rare, with a prevalence of less than 10% in patients with 
dysphagia and/or chest pain and 3–5% in unselected patients undergoing esopha-
geal manometry [2]. It presents with dysphagia (80%) and regurgitation (63%), 
followed by heartburn (51%) and chest pain (47%) [3]. Symptoms may occur dur-
ing meals or physical exertion. Unlike achalasia, dysphagia is not progressive and 
weight loss is rare. Chest pain may mimic myocardial infarction, and it is usually 
described as a crushing or squeezing pain that can radiate to the jaw, arms, or back.

 Nutcracker Esophagus (NE)

NE was first described by Benjamin and Castell in 1979 [4], and it is defined by 
peristaltic waves of very high amplitude and duration. Patients mostly complain of 
severe chest pain, while dysphagia, regurgitation, and heartburn are less common. 
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In fact, NE is the most frequent esophageal dysmotility disorder present in patients 
with non-cardiac chest pain [5].

 Hypertensive Lower Esophageal Sphincter (HTN-LES)

HTN-LES was first described by Code et al. [6], and it is characterized by a hyper-
tensive lower esophageal sphincter with normal peristalsis. Clinically, it is associ-
ated with dysphagia (71%) and chest pain (49%) [7].

 Diagnosis

 Barium Esophagogram

DES It may show indentations produced by dysfunctional muscle contractions that 
trap barium between contracted segments. This characteristic “corkscrew” appear-
ance, however, is not specific for DES, and manometry remains the gold standard 
for the diagnosis of DES [8].

NE As all patients with NE have normal propagation of peristalsis, the barium 
swallow is often nondiagnostic.

HTN-LES It may show non-specific findings such as narrowing of the gastro-
esophageal junction with delayed esophageal emptying suggesting outflow 
obstruction.

 Upper Gastrointestinal Tract Endoscopy

All patients with dysphagia should undergo an upper endoscopy in order to rule out 
malignancy. Clinical features related to malignancy-induced dysphagia are age over 
60 years, presence of symptoms for less than 1 year, and weight loss over 20 pounds 
[9]. Findings suggestive of a primary motility disorder are found in 25% of the 
patients with DES, 0% of the patients with NE, and 50% of the patients with HTN- 
LES [3].

 Conventional Manometry (Richter Classification) [8]

DES Simultaneous contractions ≥20% (but less than 100%) of wet swallows, 
intermittent peristalsis, and contraction amplitudes >30 mmHg.
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NE Normal propagation of peristaltic waves, with a mean distal amplitude 
>180 mmHg, and duration >6 s.

HTN-LES Resting lower esophageal sphincter pressure >45 mmHg and normal 
peristalsis.

 High-Resolution Manometry (HRM) (Chicago Classification) [10]

DES “distal esophageal spasm” ≥20% of wet swallows with distal latency (DL) 
<4.5 s and mean integrated relaxation pressure (IRP) <17 mmHg.

NE “hypertensive peristalsis” Mean distal contractile integral (DCI) 
>5000 mmHg/s/cm (but <8000 mmHg/s/cm which defines hypercontractile esopha-
gus) and normal DL.

HTN-LES “EGJ outflow obstruction” Mean IRP ≥ 15 mmHg with normal or 
weak peristalsis (Table 42.1).

 Multichannel Intraluminal Impedance

This test shows that patients with HTN-LES have outflow obstruction at the gastro-
esophageal junction but normal esophageal bolus clearance. Patients with NE have 
also normal esophageal bolus transit, while patients with DES present abnormal 
bolus transit [11].

Table 42.1 Manometric features of primary esophageal motility disorders

Conventional manometry HRM
DES Simultaneous contractions >20% 

(<100%)
Amplitudes >30 mmHg
Intermittent peristalsis

DL < 4.5 s in ≥20% of wet swallows
IRP < 17 mmHg

NE Amplitudes >180 mmHg
Duration >6 s
Normal peristalsis

DCI > 5000 mmHg/s/cm in ≥20% of wet 
swallows
Normal DL

HTN- LES Resting LES pressure > 45 mmHg
Normal peristalsis

IRP ≥ 15 mmHg
Normal/weak peristalsis

HRM High-resolution manometry, DES Diffuse esophageal spasm, NE Nutcracker esophagus, 
HTN-LES Hypertensive lower esophageal sphincter, DL Distal latency, IRP Integrated relaxation 
pressure, DCI Distal contractile integral
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 Ambulatory pH Monitoring

When a manometric profile suggesting DES or NE is present, it is important to per-
form an ambulatory pH monitoring in order to exclude pathologic reflux. It is indeed 
known that these motility patterns can be due to abnormal reflux. If GERD is pres-
ent, either medical or surgical treatment should be directed toward the control of the 
reflux [12].

 Treatment

Since the cause of these disorders is unknown, treatment is directed toward symp-
tom relief and improvement of esophageal emptying. Medical treatment, endo-
scopic treatment, and surgical intervention are the available modalities.

 Medical Treatment

Treatments aimed to relax esophageal smooth muscle such as nitrates, calcium 
channel blockers, and antimuscarinic agents may be helpful. However, these drugs 
have modest effect on the resting LES pressure and do not improve LES relaxation 
in response to swallowing. Previous reports have shown inferior outcomes of medi-
cal treatment compared to surgery [13, 14]. Hence, pharmacologic treatment is of 
marginal clinical value and should be considered only in patients with mild 
symptoms.

 Endoscopic Pneumatic Dilation and Injection of Botulinum Toxin

Symptom relief may be achieved only in patients who present with dysphagia as 
their main complaint and in whom manometry shows a hypertensive and non- 
relaxing LES [15]. Injection of botulinum toxin in the distal esophagus acts by 
decreasing the release of acetylcholine by nerve endings of the myenteric plexus. In 
some patients it may improve dysphagia and chest pain [16].

 Surgical Myotomy

Minimally invasive surgery has replaced open approaches to perform an esophago-
myotomy. The operation can be done through a thoracoscopic or laparoscopic 
approach. While the initial experience was through a left thoracoscopic approach 
[17], the technique eventually switched into a laparoscopic myotomy with a partial 
fundoplication. Drawbacks of the thoracoscopic approach included the need for a 
double-lumen endotracheal tube, one-lung ventilation, right lateral decubitus, lim-
ited exposure of the gastroesophageal junction, postoperative discomfort, and a high 
rate of postoperative reflux. These problems were mostly eliminated with the 
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laparoscopic approach (single-lumen endotracheal tube, supine position, better 
exposure of the gastroesophageal junction, and ability to perform a 
fundoplication).

 Laparoscopic Heller Myotomy and Dor Fundoplication Technique

The technique is similar to that of a similar operation performed in patients with 
esophageal achalasia [18]. In patient with NE or DES, the myotomy is usually 
extended more proximally on the esophageal body. The patient is in a supine posi-
tion with legs placed in stirrups with knees flexed 20–30°. Five trocars are usually 
used for the operation.

We start by dividing the gastrohepatic ligament and identifying the right crus of 
the diaphragm and posterior vagus nerve.

Subsequently the peritoneum and phrenoesophageal membrane are divided, and 
the left crus of the diaphragm and anterior vagus nerve are identified.

The dissection should be continued into the mediastinum, lateral and anterior to 
the esophagus in order to expose 7–8 cm of the esophagus. No posterior dissection 
is needed if a Dor fundoplication is performed after the myotomy. The short gastric 
vessels are routinely divided.

The myotomy is performed using a hook cautery in the 11 o’clock position. In 
patients with the HTN-LES, the length of the myotomy is similar to that performed 
for patients with achalasia. For patients with NE or DES, the myotomy is extended 
more proximally, for about 8–9 cm proximal to the gastroesophageal junction, and 
then distally onto the gastric wall for 2–2.5 cm. The muscle edges are gently sepa-
rated to expose the mucosa for 30–40% of the circumference.

A Dor fundoplication is then performed as previously described [19].

 Outcome of Surgical Myotomy in Motility Disorders  
Different from Achalasia

Patti and colleagues [3] reported that in patients with DES, dysphagia and chest pain 
were relieved in 86% and 80%, respectively, after laparoscopic myotomy. In these 
patients the myotomy was usually extended more proximally than in patients with 
achalasia. Regurgitation was also significantly improved. Concordantly, Leconte 
et al. [20] reported significant improvement for dysphagia, pain, regurgitation, and 
heartburn in patients with DES after an extended myotomy and anterior 
fundoplication.

In patients with NE and chest pain, the results of surgery were disappointing with 
only 50% of patients experiencing symptomatic relief [3]. Dysphagia was instead 
improved in 80% of patients. Champion et al. [21] reported recurrence of symptoms 
(dysphagia or chest pain) in 75% of patients with NE submitted to myotomy and 
fundoplication. Overall, it seems that myotomy would be helpful only in patients 
with NE whose main symptom is dysphagia or when associated pathology such as 
an epiphrenic diverticulum is present.
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Reports on myotomy for the treatment of HTN-LES have shown good results but 
are limited to a small number of patients [3, 22]. Tamhankar et al. [22] presented a 
long-term follow-up on four patients with complete relief of symptoms (dysphagia 
and chest pain) and complete satisfaction after the myotomy.

These data suggest that patient selection is of paramount importance. Most 
patients with DES and HTN-LES who complain of dysphagia improve after a myot-
omy. On the other hand, patients with NE whose main complaint is chest pain often 
do not have relief of the pain and can even develop dysphagia as a consequence of 
the myotomy [3].

 Per-oral Endoscopic Myotomy (POEM)

In 2010 Inoue et al. reported the result of a new technique – per-oral endoscopic 
myotomy (POEM) in 17 consecutive patients with achalasia [23]. Since then, this 
endoscopic technique has been used in thousands of patients with achalasia in every 
continent, and most studies, albeit with a short follow-up, have documented very 
good results in more than 90% of patients [24–27]. Even though this technique was 
initially described for the treatment of achalasia, its indications have expanded to 
non-achalasia motility disorders such as DES, NE, and the HTN-LES [28–31].

 POEM Technique

The patient is placed supine under general anesthesia. An overtube is placed, and 
the site for the anterior mucosotomy is selected by correlating with HRM parame-
ters, usually 3–4 cm proximal to the upper border of the endoscopically visualized 
forceful esophageal contraction, in the 1 o’clock to 2 o’clock position on the ventral 
aspect of the esophagus. After injection of indigo carmine into the submucosal 
layer, a 1.5–2 cm longitudinal mucosotomy in the mid-esophagus is performed. A 
submucosal tunnel is then created with blunt dissection and carbon dioxide insuffla-
tion. The tunnel is extended past the esophagogastric junction for 2–3 cm onto the 
gastric cardia. A proximal to distal myotomy is performed with care to preserve the 
longitudinal muscle layers of the esophagus and stomach. Smooth endoscope pas-
sage through the esophagogastric junction, retroflexed evaluation of the valve, and 
a blanched gastric mucosa (distal dissection) indicate an adequate myotomy. The 
mucosal entry is then closed using endoscopic clips.

 Outcomes of POEM in Motility Disorders Different 
from Achalasia

The largest series of non-achalasia motility disorders treated by POEM was 
described by Sharata and colleagues [32]. The authors studied the outcome of 
POEM in 25 non-achalasia patients with DES (5), NE (12), and HTN-LES (8) and 

F. Schlottmann and M. G. Patti



509

compared it to the outcome of POEM in 75 patients with achalasia. The study 
showed that dysphagia relief was better in achalasia patients (98%) than in non- 
achalasia patients (70%). Similarly, complete resolution of chest pain was seen in 
100% of patients with achalasia but in only 75% of patients with other motility 
disorders. Post-POEM ambulatory pH monitoring showed abnormal reflux in 38% 
of patients.

Recently, Khashab et al. reported their experience with POEM for the treatment 
of spastic esophageal disorders refractory to medical therapy [33]. In this multi-
center study (11 centers), 73 patients underwent POEM: 9 patients had DES, 10 had 
NE, while the remaining had type III achalasia. The mean length of stay was 
3.4 days. A good clinical response was obtained in 100% of patients with DES, 96% 
of patients with type III achalasia, but in only 70% of patients with NE. Ambulatory 
pH monitoring showed pathologic reflux in 68.4% of patients. Hoppo et al. studied 
the utility of POEM across the spectrum of esophageal motility disorders [34]. The 
procedure was performed in 25 patients with achalasia and 8 patients with non- 
achalasia disorders. Median length of hospital stay was 3 days. At a follow-up of 
7 months, dysphagia resolved in 92% of patients with achalasia and 75% of non- 
achalasia. Chest pain resolved in 100% of patients with achalasia and in 80% of 
non-achalasia.

 Conclusions

Non-achalasia motility disorders are quite rare, so only a few centers have expe-
rience with their diagnosis and treatment. Few points that deserve special atten-
tion are:

• The symptoms and the manometric picture of NE and DES can be caused by 
GERD. Therefore, in order to have a diagnosis of “primary esophageal motil-
ity disorder,” GERD must be excluded by pH monitoring. A cardiac evalua-
tion should be routinely performed when chest pain is present.

• POEM is a relatively new procedure. As a consequence, there are no studies 
with long-term follow-up and no prospective and randomized trials compar-
ing it to pneumatic dilatation or surgical myotomy.

• Many studies have shown that after POEM abnormal reflux is present in more 
than 50% of patients when measured objectively by pH monitoring [24, 33]. 
Furthermore, the multicenter study of Werner et al. of 80 patients with acha-
lasia has shown that at a follow-up of 29 months, 3 patients had already devel-
oped Barrett’s esophagus and 1 a peptic stricture [35]. The risk is that by 
performing POEM we might end up trading one disease process (achalasia, 
DES, NE, HTN- LES) with another (GERD). Contrary to what is commonly 
quoted by the authors of POEM studies, the incidence of GERD after myot-
omy and partial fundoplication is around 10% [36, 37].

• POEM has been advocated in these patients as it allows a longer myotomy 
onto the esophageal body. However, a long myotomy can be performed 
through a left thoracoscopic approach and a myotomy from the diaphragm to 
the thoracic inlet through a right thoracoscopic approach [3].
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• Overall, we feel that the key to success is based on a complete evaluation and 
a careful patient selection. The best results, regardless of the technique, are in 
fact obtained in patients with outflow obstruction and impaired esophageal 
emptying, a picture similar to achalasia. In patients with NE, particularly if 
chest pain is the main symptom and esophageal transit is normal, the results 
are poor.
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43Evaluation of Esophageal Diverticula

Saad Shebrain

 Pathophysiology and Etiology

Most esophageal diverticula are caused by a primary motility disorder of the esoph-
ageal body and/or motor dysfunction [1, 2]. Anatomical and structural abnormality 
of the upper esophageal sphincter (UES) such as a noncompliant cricopharyngeus 
muscle as well as a structural or functional abnormality of the lower esophageal 
sphincter (LES) have been documented to be contributing factors in the pathogen-
esis of esophageal diverticula [3]. Mediastinal inflammation has been associated 
with mid-esophageal diverticula.

 Classification

Esophageal diverticula are commonly described in the literature using a combina-
tion of classifications (anatomic, histologic, and etiologic). According to their ana-
tomic location, there are three types: pharyngoesophageal (Zenker’s diverticulum) 
in the upper esophagus, parabronchial (mid-esophagus, thoracic or mediastinal), 
and epiphrenic (lower esophagus). Histologically, there are two types of esophageal 
diverticula: true (also called traction) diverticulum that contains all three layers of 
the esophageal wall, namely, mucosa, submucosa, and muscularis, and false (also 
known as pseudodiverticula or pulsion) diverticulum that consists only two layers, 
mucosa and submucosa, which have herniated through the muscular wall (e.g., 
Zenker’s diverticulum). Esophageal intramural pseudodiverticulosis (EIPD) is a 
type of pseudodiverticula that represent dilated excretory ducts of the submucosal 
glands of the esophagus [3, 4, 5]. Additionally, diverticula of the esophageal body 
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can be classified as congenital, rare, or acquired (most common). Congenital diver-
ticula mainly occur in the mid-esophagus [1, 6].

Acquired diverticula or pulsion diverticula occur as a result of elevated intralu-
minal pressures in the presence of an area of weaknesses in the wall of the gastroin-
testinal tract. Almost all esophageal diverticula are acquired pulsion-type diverticula 
and commonly occur in the upper and lower parts of the esophagus. They are associ-
ated with elevated intraluminal pressure secondary to underlying motility disorder.

 Zenker’s Diverticulum (ZD)

Since it was first described in 1769 by Ludlow and subsequently by Zenker in 1877, 
posterior pharyngoesophageal diverticulum is the most common type of esophageal 
diverticula, occurring in 70% of cases [7, 8, 9]. ZD usually presents in older patients 
in the seventh to ninth decade of life. Although commonly used, the term “pharyn-
goesophageal” diverticula is not accurate because these diverticula arise from the 
hypopharynx rather than from the esophagus. ZD is an acquired pulsion diverticu-
lum characterized by herniation of esophageal mucosa and submucosa through a 
defective area in the posterior wall of the hypopharynx between the oblique fibers 
of inferior constrictor muscle of the pharynx and the transverse fibers of cricopha-
ryngeus muscle (Killian triangle at C5–C6 level) [10]. Elevated pressure in the oro-
pharynx during swallowing against a closed upper esophageal sphincter (UES) 
leads to herniation of mucosa and submucosa through this weak zone, therefore 
forming ZD. The combination of noncompliant cricopharyngeus muscles as well as 
the aging-associated loss of tissue elasticity and muscle tone in the hypopharyngeal 
area plays a role in this process. Anatomically, ZD is usually located behind the 
upper left thyroid lobe and is in close relationship to the thyroid gland, and this 
should be considered when evaluating a patient with cervical dysphagia and thyroid 
nodules and/or when assessing a patient with recurrent laryngeal lymph nodes who 
have had surgery for thyroid cancer (ZD) [11].

Other rare causes of pharyngoesophageal diverticula have been reported after 
anterior cervical spine surgery [12, 13]. Post-thyroidectomy weakness at the Killian 
triangle due to upper thyroid lobe removal can facilitate herniation of the diverticu-
lum [11].

 Parabronchial (Mid-Esophagus, Mediastinal, Thoracic)

These are the least common types of esophageal diverticula and consist of 10% of 
cases [9]. In the mid-esophagus, these diverticula develop due to an outward trac-
tion on the esophageal wall from an inflammatory process and adenopathy in the 
mediastinum (fibrosing mediastinitis), e.g., in cases of pulmonary tuberculosis and 
histoplasmosis, sarcoidosis, and other granulomatous diseases. Mid-esophageal 
diverticula typically present on the right side of the chest. Although rare, pulsion 
(false) diverticula of the mid-esophagus as epiphrenic diverticula are caused by 
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motility disorders of the esophageal body such as achalasia, diffuse esophageal 
spasm (DES), hypertensive lower esophageal sphincter, or nonspecific esophageal 
motility (NEM) disorder. Mid-esophageal false diverticula differ from traction 
diverticula, and their symptoms are related not only to their size but also to the 
underlying esophageal motility dysfunctions [14, 15].

 Epiphrenic Diverticulum (ED)

Epiphrenic diverticula are the second most common type of esophageal diverticula and 
consist of 20% of cases [9]. Epiphrenic diverticula, described by Mondiere in 1833, are 
false pulsion diverticula, located in the distal esophagus near the gastroesophageal 
junction and above the diaphragm [16]. As with mid-esophageal diverticula, epi-
phrenic diverticula are more common on the right side and tend to be wide-neck. There 
is a strong association between these diverticula and esophageal motility disorders [17, 
18]. The pathophysiology of ED is similar to that of ZD and is related to elevated 
esophageal intraluminal pressure from outflow obstruction and hypercontractility of 
the muscular layer in the lower esophagus leading to the formation of diverticula [19]. 
Most symptoms associated with ED such as dysphagia, chest pain, and heartburn are 
most likely due to the motility disorder rather than the diverticulum itself [20, 21].

Epiphrenic diverticula can occur in the patients with chronic gastroesophageal 
reflux associated with esophagitis and strictures but are rarely symptomatic [22]. 
Other rare causes of diverticula of the mid and distal esophagus include iatrogenic 
injury to the esophagus and connective tissue disorders, such as Ehlers-Danlos syn-
drome due to defective collagen [23].

 Esophageal Intramural Pseudodiverticulosis (EIPD)

EIPD is a very rare and likely acquired condition characterized by the presence of 
many small outpouchings in the esophageal wall postulated to be due to dilatation 
of the submucosal glands that communicate with the esophageal lumen. 
Inflammatory processes lead to obstruction of intramural ducts with subsequent 
dilation of these glands. Although most patients with this condition have underlying 
esophageal strictures or motility disorder, EIPD has been reported following the 
corrosive injury to the esophagus with strictures [24, 25, 26].

 Epidemiology

Age: Most esophageal diverticula present clinically in middle-aged and older peo-
ple. ZDs usually present in people in their seventh and ninth decades of life.

Gender: ZD is more prevalent in men than women (4:1 ratio).
Race: Esophageal diverticula are common in Caucasians. ZD rarely occurs in 

Asian people [27].
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 Clinical Presentation

Esophageal diverticula are most commonly asymptomatic. However, large diver-
ticula are associated with esophageal symptoms, usually dysphagia, regurgitation, 
or chest pain. Extraesophageal symptoms such as aspiration-related pulmonary 
complications, e.g., pneumonia, pose a significant risk to the patients. Patients 
may present with a neck mass. ZDs are the most common ones to cause 
symptoms.

 Esophageal Symptoms

The most common symptom associated with all types of esophageal diverticula and 
EIPD is dysphagia. Cervical dysphagia is more common with ZD, and it is related 
to both solids and liquids. This typically is a result from the underlying motility 
disturbance rather than from the diverticulum. Dysphagia could be secondary to 
compression on the esophagus in cases of large diverticula especially when filled 
with food or a bezoar.

Regurgitation, noisy deglutition, and aspiration may be related to large divertic-
ula at any part of the esophagus. In patients with motility dysfunction such as acha-
lasia, aspiration is more likely to be related to a weak esophageal clearance 
mechanism due to hypertensive lower esophageal sphincter that fails to relax or the 
absence of esophageal body peristalsis in advanced cases.

Accumulation and retention of undigested food and secretions in a large diver-
ticulum can result in food regurgitation, halitosis, nocturnal cough, and even aspira-
tion pneumonia, chronic malnutrition, and weight loss [28].

 Rare Extraesophageal Symptoms

Pulmonary symptoms: A chronic cough should raise the suspicion for the develop-
ment of a bronchoesophageal fistula in a patient with mid-esophageal diverticula. A 
nocturnal cough is related to aspiration of diverticular contents that could occur 
from large-sized diverticula at any location.

Hemoptysis: While rare, it could be potentially life-threatening. It can occur in 
cases of mid-esophageal diverticula due to erosion of lymph nodes into the major 
mediastinal vessels and the bronchial tree as a result of mediastinal infectious or 
inflammatory process.

Hematemesis: Occurs rarely and may result from food stasis, bacterial over-
growth, or chronic inflammation of a large diverticulum [29].

Neck mass: In cases of large ZD, a mass in the neck can occasionally be detected, 
mainly on the left side. However, large diverticula can expand bilaterally behind 
both thyroid lobes [30].

Malignancy: There is a potential risk for malignant transformation of the diver-
ticular mucosa with untreated chronic inflammation. Most reports of concomitant 
cancer within a diverticulum have shown squamous cell cancer [31].
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 Physical Examination

Physical examination is most likely to be unremarkable with no visible clinical 
signs in patients with symptomatic esophageal diverticula. However, a large ZD 
may present as a neck mass. Pulmonary findings of aspiration pneumonia may 
accompany the presence of large symptomatic diverticula.

 Differential Diagnoses

 A. Dysphagia
 (a) Functional abnormalities.

 (i) Achalasia.
 (ii) Esophageal motility disorders (EMD)
 (iii) Diffuse esophageal spasm (DES)

 (b) Anatomical abnormalities.
 (i) Gastroesophageal reflux disease (GERD) with stricture
 (ii) Esophageal cancer

 B. Neck mass

 Preoperative Evaluation

Evaluation of esophageal diverticulum should aim at identifying patients who may 
benefit from surgical intervention. Assessing the severity of the patient’s symptoms 
such as dysphagia, regurgitation, aspiration, and other complications is important in 
the surgical decision-making process.

 Laboratory Studies

Most laboratory testing is not necessary and may not be helpful in the diagnosis. 
Complete blood count may show iron-deficiency anemia in patients with upper 
esophageal webs [32].

 Barium Esophagogram

Contrast esophagogram and upper endoscopy are the most common modalities to 
diagnose esophageal diverticula.

A barium esophagogram is the initial diagnostic procedure of choice. It provides 
an outline for the anatomy of diverticula and may provide some clues to an undiag-
nosed underlying motility disorder.

Zenker’s diverticulum can be seen filled with barium resting posteriorly along 
the esophagus near the pharyngoesophageal junction. ZD is best identified during 
swallowing on the lateral view, and it is typically seen at the C5–C6 level [33].
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In cases of epiphrenic diverticulum, the size, position, and proximity of the 
diverticulum to the diaphragm can be clearly delineated (Fig. 43.1). The underlying 
motility disorder is often identified as well. This helps dictate the approach to the 
diverticulum through a laparoscopic or transthoracic approach. Diverticula located 
more than about 10 cm proximal to the gastroesophageal junction can be treated 
using a transthoracic approach [34, 35]. Barium esophagogram enables diagnosis of 
esophageal intramural pseudodiverticulosis [25].

 Esophagogastroduodenoscopy

Flexible endoscopy is a useful diagnostic modality in patients with symptoms of 
dysphagia or odynophagia, who have mid-esophageal and epiphrenic diverticula 
[33]. Endoscopy is unnecessary in a patient with Zenker’s diverticula. In fact, it car-
ries a potential risk of iatrogenic injury and perforation. An endoscopy helps evaluate 
for mucosal lesions, including masses, esophagitis, Barrett’s esophagus, and cancer.

 Esophageal Manometry (EM)

EM is the gold standard test to diagnose and classify the underlying motility disor-
der. It enables evaluation of lower esophageal sphincter pressure and relaxation, as 

Epiphrenic Diverticulum

Esophagus

Stomach

Fig. 43.1 Barium 
esophagogram showing 
epiphrenic diverticulum. 
(Courtesy Saad Shebrain)
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well as of esophageal body function in symptomatic patients with a motility disor-
der such as achalasia or diffuse esophageal spasm. It has been reported that manom-
etry results may not always be abnormal as some of these motility disorders may be 
episodic in nature [36]. Esophageal manometry is a prerequisite study when surgery 
is being considered, as it helps dictate the type of fundoplication to be performed 
(complete or partial) during preoperative planning.

 High-Resolution Manometry (HRM)

HRM has been a revolution in the evaluation of esophageal motility disorders. It is 
a variant of conventional manometry. High-resolution pressure and impedance sen-
sors spaced at 1-cm intervals from the pharynx to the stomach generate recordings 
that can be analyzed and presented either as “line plots” or as a “spatiotemporal 
plot.” The data displayed in spatiotemporal plots create a “colored map” of the 
esophageal contraction, and this can visually distinguish clinically relevant abnor-
malities of motor function. This technology allows detection of segmental peristal-
tic defects, detecting motor defects in a higher number of patients with epiphrenic 
diverticula [37, 38, 39, 40].

 Ultrasonography

Because of the anatomic proximity of the upper esophagus to the thyroid gland, ZD 
may mimic thyroid nodules on thyroid ultrasonography and can be distinguished 
from a thyroid nodule on ultrasound by the sign of air in the diverticulum [41, 42, 
43]. In a case series in which an ultrasound was utilized, ZD appeared as a pouch- 
shaped structure at the posterior pharyngoesophageal junction that retained ultra-
sound contrast agent for longer than 3 min [44].

 Computed Tomography (CT)

Large diverticulum of the esophagus and hypopharynx can be incidentally seen on 
computed tomography as a structure filled with gas, fluid, oral contrast material, or 
a mixture of these contents. A CT scan of the chest in patients with mid-esophageal 
diverticulum with a chronic cough or aspiration helps to make a diagnosis of a con-
comitant esophagobronchial fistula and to identify any mediastinal pathology.

 Management

 Medical Treatment

No treatment is required for patients with esophageal diverticula who are asymp-
tomatic or minimally symptomatic. In many patients with mid-esophageal and 
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epiphrenic diverticula, treatment of dysphagia should be directed to the motility 
disorder when feasible. Nonsurgical therapeutic options in cases of achalasia 
include pneumatic dilation and botulinum toxin injection into the lower esophageal 
sphincter (LES) [45]. However, surgical intervention with laparoscopic Heller 
esophagomyotomy remains the gold standard treatment [39]. Treatment of esopha-
geal intramural pseudodiverticulosis is directed toward underlying strictures or 
dysmotility.

 Surgical Treatment1

Symptomatic or large esophageal diverticula require intervention. The treatment 
ranges from minimally invasive procedures to major open surgical techniques. 
Treatment of Zenker’s diverticulum is surgical and consists of either diverticulec-
tomy or diverticular suspension with a myotomy of the cricopharyngeus muscle via 
a cervical approach [46]. Transoral rigid endoscopic stapled diverticulostomy may 
become the treatment of choice in patient with ZD, particularly in elderly and high- 
risk patients [47, 48, 49]. Flexible endoscopic treatment for Zenker’s diverticulum 
is a feasible, safe, and effective treatment for symptomatic ZD, with a little adverse 
event and recurrence rates [50, 51]. Treatment of diverticula of the mid and low 
esophagus must consider any motor disorders or associated lesions at the time of 
intervention. Diverticulectomy with esophageal myotomy and an anti-reflux sur-
gery are usually performed in cases of epiphrenic diverticula [52, 53]. Endoscopic 
approaches have been reported for mid-esophageal and epiphrenic diverticula and 
may become the standard in years to come [54].
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44Cricopharyngeal Diverticulum:  
Open Repair

Kirk Withrow and Daniel Morrison

 Definition

• Diverticula of the hypopharynx have been recognized for over 200  years. 
Zenker’s diverticulum (ZD) is by far the most common with an annual incidence 
of 2/100,000 individuals [1]. Specifically, ZD is an outpouching of hypopharyn-
geal mucosa that protrudes through a weak area at the junction of the inferior 
constrictor muscle and the cricopharyngeus (CP) muscle, known as Killian’s 
dehiscence (Fig. 44.1). The CP muscle is 2–5 cm long and serves as the upper 
esophageal sphincter. It generally exists in the contracted state except during 
swallowing.

• As ZD is only a mucosal sac that has herniated between the muscular layers, it 
is technically considered a “false” diverticulum. This is an acquired disorder that 
most commonly presents between the sixth and eighth decade of life and affects 
more men than women. In rare cases, there is a family history of ZD and evi-
dence of genetic predisposition toward its development. Although the exact eti-
ology of ZD remains debatable, most agree that it represents a pulsion 
diverticulum occurring due to a rise in intraluminal pressure relative to the resis-
tance of the esophageal wall. While manometry data provide conflicting infor-
mation about the role of CP muscle activity in ZD, functional outcomes and 
clinical observation support CP activity as an etiologic factor in ZD formation. 
This is evidenced by the fact that patients who did not undergo CP myotomy as 
part of their surgical management have poorer swallowing outcomes. Historically, 
ZD was first recognized by Abraham Ludlow in 1796 and was named after a 
German pathologist, Friedrich Albert Zenker, who reported a series of ZD 
patients in 1877 [2]. Wheeler reported the first successful open repair of a ZD in 
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1882 [3, 4]. In 1917, Mosher first introduced the concept of endoscopic treat-
ment of ZD that has now seen tremendous advances with respect to both instru-
mentation and technique [5]. The most common method used for treatment of 
ZD, the endoscopic staple- assisted approach, was first reported by Collard in 
1993 [6, 7]. Since then, several retrospective studies have found both open and 
endoscopic techniques to be highly effective with comparable complication 
rates and lengths of hospital stay [8, 9].

 Differential Diagnosis

• Killian-Jamieson diverticulum
• Laimer’s diverticulum
• Achalasia
• Esophageal cancer
• Esophageal dysmotility
• Esophageal spasm
• Esophageal stricture
• Gastroesophageal reflux disease (GERD)
• Thyroid goiter
• Myasthenia gravis
• Bulbar palsy

Inferior
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Middle
constrictor
muscle

Inferior
constrictor
muscle

Killian’s
dehiscence
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Fig. 44.1 (a) Anatomy of the junction of the hypopharynx and esophagus. Killian’s dehiscence is 
located between the inferior pharyngeal constrictor and the CP muscle. (b) Zenker’s diverticulum. 
The increase in intraluminal pressure during deglutition in the face of relative cricopharyngeal 
hypertonia leads to the formation of a mucosal outpouching just superior to CP muscle
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 Patient History and Physical Findings

• Cervical dysphagia is the most common presenting symptom of ZD. Other symp-
toms may be quite subtle and include chronic cough, unexplained weight loss, and 
halitosis. As the patient swallows, the bolus preferentially enters the relatively 
wider mouth of the diverticular pouch rather than passing through the inappropri-
ately closed upper esophageal sphincter into the esophagus. This in turn may lead 
to a sense of neck fullness and may be associated with a gurgling sound in the lower 
neck referred to as cervical borborygmus. Regurgitation of completely undigested 
food ingested minutes to hours previously is considered nearly pathognomonic for 
ZD. The pouch may fill and empty spontaneously during deglutition leading to 
coughing, choking, and possibly aspiration. Such aspiration can have insidious 
consequences such as chronic respiratory insufficiency or more acute manifesta-
tions, such as pneumonia and death. One must also consider the detrimental psy-
chosocial effects of ZD including fear of choking and regurgitation during meals.

• Most ZD patients present with a normal physical exam. When an abnormality is 
present, it is generally a neck mass in the tracheoesophageal groove that may 
gurgle or decompress with palpation (Boyce’s sign). Audible gurgling may be 
detected over the same region with swallowing. Inspection of the hypopharynx 
may reveal pooling of secretions. Direct visualization of the pouch generally 
requires esophagoscopy, and it is the authors’ opinion that rigid esophagoscopy 
is superior to flexible endoscopy in this endeavor because of the proximal loca-
tion of ZD and the increased ability to distend the cervical esophagus by displac-
ing the larynx anteriorly.

 Imaging and Other Diagnostic Studies

• Barium swallow is the primary study used in the diagnosis of ZD. A characteris-
tic sac is noted just posterior to the esophagus (Fig. 44.2). It arises just superior 
to a poorly relaxing CP muscle. This phenomenon is often referred to as a CP 
“bar” and can lead to significant narrowing of the esophagus just distal to the 
ZD’s take off. With this study, the surgeon can accurately size the sac and deter-
mine its location. Some authors recommend obtaining manometry testing on all 
ZD patients; however, that is not the practice of the author as barium swallow is 
usually sufficient to fully characterize the problem. Computed tomography (CT) 
and magnetic resonance imaging (MRI) are not generally needed, though ZD 
may be detected on these studies as a cyst-like mass with an air-fluid level located 
posterolateral to the esophagus.

• Killian-Jamieson and Laimer diverticula are differentiated from ZD based on the 
fact that they arise inferior to the CP muscle. The former protrudes through the 
anterolateral wall of the cervical esophagus via a muscular gap known as Killian- 
Jamieson space, which is below the CP muscle and lateral to the longitudinal 
muscle of the esophagus. The latter protrudes through Laimer’s triangle, which 
is located in the posterior midline just inferior to the CP muscle and superior to 
the confluence of the longitudinal muscle of the esophagus.
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 Surgical Management

 Preoperative Decision-Making

• The first decision that should be made is whether repair of a ZD is necessary. If 
a patient is minimally symptomatic (able to maintain nutrition with a modified 
diet and no history of aspiration pneumonia) and of advanced age, then contin-
ued observation may be the best course of action. Medical therapy with botuli-
num toxin aimed at treating CP muscle achalasia is another option, although the 
benefit of this in ZD is more limited than that seen in CP dysfunction without 
diverticulum. On the other hand, if surgery is to be offered to the patient, it is the 
author’s opinion that the surgeon should be able to discuss the pros and cons of 
both open and endoscopic approaches and be capable of performing each. A 
detailed discussion of endoscopic treatment of ZD is found elsewhere in this text.

• Open surgery for ZD is associated with a cervical scar, longer surgical time, and 
a risk of superior and recurrent laryngeal nerve weakness between 0.5% and 4% 
[9–11]. The rate of pharyngocutaneous fistula after excision of the sac is reported 
to be 3–4% [12]. Compared with endoscopic repair, many authors report those 
treated with open repair are more likely to have complete resolution of symptoms 
[9, 13, 14]; other studies have not found any difference [8]. Perhaps the most 
notable advantage of open repair is the significantly lower rate of recurrence. 

Fig. 44.2 Diagram of 
Zenker’s diverticulum
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Studies have shown recurrence rates between 12% and 32% after endoscopic 
repair compared to rates between 0% and 4% for those treated with open repair 
that includes a CP myotomy [15–17]. The increased recurrence rates after an 
endoscopic repair are understandable as the act of dividing the common wall 
between the diverticular sac and the esophagus—and the CP muscle contained 
therein—may not result in a complete CP myotomy.

• In the author’s experience, as many as 10% of patients cannot be treated via the 
endoscopic approach due to exposure issues related to dentition, diminished cer-
vical spine mobility, or the presence of prominent mandibular tori. Bloom et al. 
reported a series of 30 patients, of which 30% could not be adequately exposed 
for endoscopic surgery [18]. For this reason, it is the author’s practice to consent 
patients for both endoscopic and open approach to allow ZD to be treated in the 
event that endoscopic exposure is not possible.

• While no absolute size criteria exist, many surgeons argue that those with a very 
small or very large diverticulum (>3 cm) should be offered an open repair. Often 
CP myotomy without resection of diverticulum is sufficient if sac is small [19]. 
The concern with a very large diverticulum is that the redundant, hypotonic sac 
may lead to persistent dysphagia postoperatively if treated endoscopically. 
Visosky et al. reported a series 61 ZD patients who underwent endoscopic treat-
ment and noted the main risk factors for recurrence were size larger than 3 cm 
and the associated amount of redundant mucosa noted after repair [20]. This 
indicates that scarring may play a role in recurrence of ZD.

• Albeit less frequently encountered, young, otherwise healthy patients with ZD 
should be offered an open repair due to the higher potential for recurrence with 
endoscopic repair, which often occurs many years later.

 Surgical Technique

There are two surgical objectives when treating ZD: cricopharyngeal myotomy and 
management of the diverticular sac. With respect to management of the sac, focus 
will be placed on resection, which is the author’s preference. Other options include 
diverticulopexy and inversion.

• Endoscopy and dilator placement
 – If possible, endoscopic evaluation of the diverticulum prior to open repair is 

strongly recommended (Fig. 44.3a). Caution must be exercised to avoid dam-
aging the patient’s dentition during this portion of the procedure. It is advis-
able to use a rigid tooth guard, which can be easily created using a Rolyan 
Aquaplast sheet (Patterson Medical, Warrenville, IL). Direct visualization of 
the diverticulum is possible with a variety of laryngoscopes; however, a 
Weerda diverticuloscope (Karl Storz, Tuttlingen, Germany) is frequently used. 
If exposure is not possible with that laryngoscope, the author is usually able to 
visualize the diverticulum using a size 4 Miller blade, a small cervical esopha-
goscope, or a C-MAC videolaryngoscope (Karl Storz, Tuttlingen, Germany). 
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Visualization of the diverticulum serves several purposes including confirma-
tion of the type and location of the diverticulum, evacuation of any food debris, 
and packing the diverticulum with ¼-inch strip gauze. The latter facilitates 
identification via transcervical approach. The end of the strip gauze should be 
left hanging out of the mouth to allow easy removal by an assistant during the 
procedure. A 36–40 Fr Maloney esophageal dilator (Teleflex Medical, 
Morrisville, NC) is placed in the esophagus to facilitate CP myotomy and to 
minimize the risk of iatrogenic esophageal stenosis during repair.

• Positioning
 – The patient is placed supine with the head slightly extended and turned toward 

the non-operative side.

• Approach
 – A 3–4-cm transverse incision is generally made in a natural skin crease on the 

left neck at the approximate level of the cricoid cartilage (Fig. 44.3b). The left 
side is used because the esophagus tracks toward the left in the neck and 
because the course of the recurrent laryngeal nerve is more vertically ori-
ented, versus the right nerve which has a more oblique and less predictable 
course.

 – Subplatysmal flaps are elevated a short distance. The cervical investing fascia 
is then incised along the anterior border of the sternocleidomastoid muscle, 
which allows the muscle to be retracted posteriorly to expose the carotid 
sheath. Identification of the omohyoid muscle which crosses over the carotid 
sheath obliquely can facilitate the safe identification of the internal jugular 
vein, which is the most lateral structure in the sheath.

 – Inferior retraction of the omohyoid muscle generally provides adequate 
access to the CP muscle and ZD, but the muscle can be divided with little 

a b

Fig. 44.3 (a) A Weerda diverticuloscope is used to visualize the diverticulum and esophagus. This 
allows packing of diverticulum with strip gauze to facilitate intraoperative identification. (b) 
Patient’s head is turned slightly to the right, and an incision is marked in a skin crease on the left 
neck at the level of the cricoid cartilage

K. Withrow and D. Morrison



531

clinical consequence if needed. Blunt dissection medial to the carotid sheath 
and lateral to the central compartment of the neck will lead to the retropharyn-
geal space. Caution must be exercised at this step to ensure that the superior 
and recurrent laryngeal nerves are not injured. While some surgeons advocate 
identification of these nerves, it is the author’s opinion that such dissection 
poses unnecessary risk. Instead, approaching the retropharyngeal space at a 
point roughly halfway up the height of the thyroid cartilage while remaining 
close to the carotid artery grants the surgeon access to the CP and ZD while 
minimizing the risk of encountering the laryngeal nerves. The retropharyn-
geal space is then opened bluntly.

• Mobilizing the diverticulum
 – As mentioned previously, identification and mobilization of the ZD and CP 

are greatly facilitated by packing the diverticulum with strip gauze and place-
ment of an esophageal dilator prior to incision. Placing a finger in the retro-
pharyngeal space and palpating anteriorly allow the identification of the 
esophageal dilator. A muscular ridge can usually be felt traversing the dilator 
when the finger is moved in the superior and inferior directions. This ridge is 
at the level of the cricoid cartilage and indicates the location of the CP muscle. 
Provided that it was packed with ample strip gauze, the diverticulum can often 
be identified by palpation of a fairly firm mass arising just superior to the CP 
muscle.

 – Perhaps the most important step in the procedure is the complete mobilization 
of the diverticulum (Fig. 44.4a). With the diverticulum elevated, the CP mus-
cle can be easily visualized. It is critical that the soft tissue attachments be 
separated from all sides of the diverticulum to allow it to be delivered into the 
surgical field. The author finds the use of Kittner dissectors to be particularly 
helpful in safely separating the diverticulum from the surrounding fascial 
attachments.

 – An assistant should remove the strip gauze at this point. Care should be taken 
to ensure the dilator remains in place.

• Cricopharyngeal Myotomy
 – A CP myotomy is performed prior to removing the diverticulum (Fig. 44.4b). 

The CP can be visualized and palpated as a thickened muscular band with 
horizontally oriented muscle fibers just inferior to the mobilized diverticulum. 
The CP is carefully elevated off of the underlying esophageal mucosa using a 
hemostat or similar dissecting clamp. Sharp incision of the entire muscle is 
performed, resulting in a myotomy that is at least 5 cm in length. Care must 
be taken to ensure that no portion of the CP muscle is left near the neck of the 
diverticulum. It is notable that the underlying esophageal mucosa is often thin 
and transparent enough to allow the surgeon to clearly see the words printed 
on the dilator. If the cut edges of the muscle remain in close approximation, 
the author will typically resect a portion of the muscle, effectively performing 
a myectomy, to minimize the chance of the muscle scarring back together.
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• Resection of the diverticulum and mucosal repair
 – Once the diverticulum is mobilized and the CP myotomy completed, the sac 

can be resected, suspended, or inverted. As mentioned previously, the author’s 
preference is resection, and this technique will be given the most attention in 
this chapter.

 – If suspension is planned, the bottom of the sac is sutured superiorly to the 
central compartment fascia such that the mouth of the diverticulum becomes 
dependent. Proponents of this approach point to a decreased risk of pharyngo-
esophageal leak as the mucosa is not disrupted.

 – The dilator in the esophageal lumen helps minimize the risk of mucosal over- 
resection and subsequent stenosis. It is the author’s preference to use an 
enteral stapler in order to resect the diverticulum and close the defect simulta-

a b

c d

Fig. 44.4 (a) Zenker’s diverticulum completely mobilized all the way to its neck. *Note the CP 
muscle inferior to the diverticulum. (b) CP myotomy is performed sharply after the muscle is ele-
vated off of the underlying esophageal mucosa. The esophageal dilator is often seen through the 
remaining mucosal layer. (c) When possible, an enteral stapler is used to seal and remove the 
diverticulum simultaneously. Gauze packing should be removed prior to resection of the diverticu-
lum while the dilator is left in place. (d) If use of a stapler is not possible, the diverticulum can be 
sharply excised
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neously (Fig. 44.4c). If this is not possible, the diverticulum is excised sharply 
(Fig.  44.4d). The pharyngeal defect is then closed with 3-0 Vicryl suture 
(Ethicon, Somerville, NJ) on a small tapered needle such as RB-1 using a run-
ning Connell stitch (Fig. 44.5). Care must be taken to ensure that all mucosal 
edges are inverted. If there is enough tissue to allow it to be done without 
causing stenosis, the first suture line will be reinforced using interrupted 
Lembert sutures. The dilator should remain in place until the diverticulum has 
been removed and the defect repaired.

 – The Maloney dilator is removed and a Dobhoff tube (DHT) is placed transna-
sally. Palpation of the surgical site ensures that the DHT passes without 
difficulty.

 – The wound is closed in two layers over a suction drain.

 Postoperative Care

• Previous studies cite significantly longer hospitalizations and longer recovery 
times as well as increased complications from an open approach compared to an 
endoscopic approach, but this has not been the author’s experience [21].

• The author’s postoperative management is the same for patients treated via an 
open approach and an endoscopic approach. Both have a DHT placed at the 
 conclusion of the procedure, and both are admitted overnight. A double-contrast 
esophagram is obtained the morning of the first postoperative day. If no leak is 
identified, the DHT is removed and a clear liquid diet is started. The patient is 
given instructions to slowly advance their diet to regular over the course of 
2 weeks and is discharged without antibiotics. If, however, a leak is seen or sus-
pected on the esophagram, the patient is kept NPO and tube feeds are initiated 
via DHT. The patient is still usually discharged on postoperative day 1 even with 
a leak but on antibiotics via DHT. A repeat esophagram is generally scheduled a 
week later to ensure that the leak has resolved.

Fig. 44.5 Connell stitch 
used to insure inversion of 
mucosal edges during 
closure
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 Outcomes and Complications

• Verdonck and Morton performed a systematic review of the literature on the 
treatment of Zenker’s diverticulum in 2015. They identified 71 studies that 
included 1990 patients treated with an open approach and 1089 treated with an 
endoscopic approach. Failure was seen in 4.2% of open cases compared to 18.4% 
of endoscopic cases. Complication rates were reported as 4.3% for open cases 
compared to 7.9% for endoscopic cases. These consisted of RLN weakness 
(3.4%) and fistula (3.7%) in the open surgical group. Emphysema (3.0%) and 
mediastinitis (1.2%) were the most common complications in the endoscopic 
group. ZD recurrence after endoscopic repair is significantly higher when com-
pared to open approach (18.9% vs 1.9%) [12].
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 Pathology

Zenker’s diverticulum (ZD), first described by Ludlow in 1797, is a posterior  
outpouching of both esophageal mucosa and submucosa penetrating immediately 
above the upper esophageal sphincter through Killian’s triangle between the trans-
verse cricopharyngeus muscle fibers and the oblique muscle fibers of the lower 
inferior constrictor (Fig. 45.1) [20]. It is hypothesized that increased upper esopha-
geal sphincter tone in association with the anatomic weakness of Killian’s triangle 
leads to the formation of ZD; however, direct manometric findings are inconsistent 
[12]. The variation in findings could be secondary to the ZD outpouching negating 
manometric pressure changes that lead to its formation. Other studies promote the 
idea that ZD may be tied to generalized esophageal dysmotility [24].

 Epidemiology and Clinical Manifestations

The overall incidence of ZD is low, but higher in North America, Northern Europe, 
and Australia versus patients from Japan, Indonesia, or Southern Europe. The over-
all incidence in the United Kingdom is reported at 2 per 100,000 per year [28, 29]. 
The majority of patients tend to be males over the age of 60, and it occurs most 
commonly in the eighth decade of life [21]. Patients typically present with initial 
dysphagia, pulmonary aspiration, regurgitation of food, a neck mass, halitosis, and 
weight loss. More rarely, squamous cell carcinoma has been described within the 
diverticula with an incidence of 0.4 in one large case series including 1249 patients 
[14]. Ulceration secondary to pill retention has also been described [27].
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 Diagnosis

ZD is typically diagnosed via barium swallow examination utilizing continuous 
fluoroscopy to visualize swallowing. Alternatively, cervical transcutaneous ultra-
sound can also be used to recognize a ZD and delineate it from other cervical pathol-
ogy [19]. In the setting of smaller diverticula, evaluation by speech pathology may 
help exclude alternative pathology that may be causative of the patient’s symptoms. 
Although dysmotility is felt to be etiologic of ZD, by the time the patient becomes 
symptomatic, alterations in anatomy make esophageal manometry findings incon-
sistent and thus irrelevant to diagnosis.

 Treatment

The general treatment strategy of ZD involves either complete excision of ZD 
pouch, cricopharyngeal myotomy, or dissection of the mucosa and cricopharyngeal 
muscle dividing the pouch and the esophagus. The techniques employed in the 

Fig. 45.1 Black arrow: esophagus. White arrow: Zenker’s diverticulum
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treatment of ZD include open surgery via external neck incision, rigid endoscopy, 
and most recently flexible endoscopy.

 Surgical Techniques

Open transcervical diverticulectomy was first described in 1885 and remains the 
“gold standard” for ZD repair. This technique is now performed with some combi-
nation of diverticulectomy, diverticulopexy, and cricopharyngeal myotomy. 
Myotomy is now well established as beneficial in all open procedures [9]. Open 
excision is often promoted as the treatment of choice in younger patients given the 
small but present risk of squamous cell carcinoma [14]. A systematic review includ-
ing 2826 patients treated with open surgery between 2004 and 2013 demonstrated 
symptom resolution in 90–95% of patients [30]. The morbidity associated with 
open surgery was 10.5% and the mortality was 0.6% [30].

Rigid endoscopic management of ZD has been available since the 1960s. Use of 
a rigid endoscope requires that the patient be sedated with general anesthesia. The 
bridge of the ZD has been divided with electrocautery, CO2 laser, KTP/532 laser, 
stapler, needle knife, and Harmonic Ace [31]. Rigid surgical success has widely 
varied with success rates ranging from 78.5% to 96% [11, 26]. In a meta-analysis 
comparing open surgery to a rigid endoscopic stapling approach between the years 
of 1990 and 2002, the morbidity and mortality rates were 2.6% vs 11.8% and 0.3% 
vs 1.6%, respectively [6]. In another literature review, the morbidity for all rigid 
endoscopic techniques was noted to be 8.7% and the mortality was noted at 0.2% 
[30]. The improvement in safety profile has led to increased utility of endoscopic 
techniques over the past 2 decades.

Complications associated with the use of a rigid endoscope include hyperexten-
sion injuries, dental injuries, perforation, and recurrent laryngeal nerve paralysis. 
Adequate field visualization using a rigid endoscope may fail with conversion to 
open technique reported in as high as 30% of patients [4]. Obesity, a short neck, and 
decreased hyomental distance are all associated with technique failure.

 Flexible Endoscopic Techniques

Despite the advent of the flexible endoscope in 1957, the first cases of ZD treatment 
were not published until 1995 when Ishioka and Mulder published concurrent arti-
cles [17, 22]. There are a variety of techniques available; however, each is predi-
cated on similar principles. Typically an endoscopic cap or flexible specialized ZD 
overtube (ZD overtube, Cook Medical, USA) is used to maintain the center of the 
bridge in view. Similar to rigid endoscopic techniques, the principles of coagulation 
and subsequent cutting of the ZD bridge apply to the endoscopic technique. 
Attention must be paid to coagulation given the cricopharyngeus is a muscular 
structure that is highly vascular. Rapid bleeding can lead to loss of visual field and 
failure of the procedure. Complete dissection of the bridge all the way to the base is 
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paramount. Bridge takedown allows contents to flow directly from the ZD back into 
the esophagus preventing retention and subsequent complications such as 
aspiration.

The procedure has been performed under conscious sedation, but at our institu-
tion we utilize general anesthesia with patient intubation. The use of general anes-
thesia limits coughing or gagging, providing a more stable surgical field. 
Additionally, in the atypical case of bleeding, the trachea should be protected given 
the short distance from the ZD to the airway. It is our practice to perform all proce-
dures with carbon dioxide rather than air to limit extraluminal air, optimize resorp-
tion, and improve patient comfort. All patients receive intravenous antibiotics 1 h 
prior to the procedure.

Intraoperatively it is imperative to preserve orientation and visualization. 
Frequently, ZD are large and differentiating the pouch from the esophagus can 
become a challenge. We will endoscopically leave a guidewire in the stomach and 
esophagus and after withdrawal of the endoscope, use this guidewire to place a 
nasogastric tube safely in the esophageal lumen. This helps preserve orientation 
during the procedure. To maintain the bridge of the diverticulum in the center of 
the visual field, a soft diverticuloscope, angled transparent cap, and straight trans-
parent cap are most often used. Only the straight transparent cap is FDA-approved; 
thus, this is what is used at our institution. The soft diverticuloscope is a double-
lipped transparent plastic overtube that has been approved by the Conformité 
Européenne (CE) but is not FDA-approved. It is placed with one lip in the diver-
ticulum and the other in the esophageal lumen under endoscopic guidance, allow-
ing the ZD bridge to be maintained in the center of the visual field. In a 
meta-analysis, diverticuloscope use was not noted to improve clinical outcomes, 
but one trial specifically addressing this issue demonstrated improved success 
rates and decreased complication rates when comparing diverticuloscope to an 
angled cap [8, 16]. It should be noted that the study demonstrating superiority of 
the diverticuloscope had a much lower overall success rate than any previous or 
subsequent case series [16]. The size of the diverticuloscope may limit its use in 
diverticula less than 2 cm.

There are a wide variety of tools that have been implemented in dissection of the 
ZD bridge (Fig.  45.2). Despite a decrease in procedural complications and an 
increase in both technical and clinical success rates over time, there are no instru-
ments which have demonstrated superior efficacy or safety per meta-analysis [16]. 
At our institution, we favor using a fully rotatable insulated monopolar grasping 
scissor, the SB knife (Olympus, USA), in conjunction with the VIO 300 D (ERBE, 
Germany) using Endocut I settings. Using this device, we begin in the middle of 
the proximal aspect of the bridge and dissect down the midline to the base of the 
ZD. We use the knife to first grasp the tissue and then retract the tissue into the 
transparent cap if possible. Both the insulation of the knife and the cap itself are 
used to minimize unintended thermal damage to the tissue. After the tissue is 
grasped and appropriately positioned, then current can be applied for cautery and 
cutting. In animal models cutting with bipolar scissors results in “tissue bonding” 
at the edges of the divided septum that may protect against clinically significant 
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perforation [25]. Previously we commonly used the IT2 knife (Olympus, USA), an 
electrocautery knife with an insulated tip. The insulated tip prevents perforation of 
the base and opposing esophageal wall. The Clutch Cutter (Fujifilm, Japan) is a 
diathermic slitter with serrated and fully rotatable jaws. Like the SB knife, it too 
has an insulated outer edge. Again, with any of these devices, it is important to 
ensure complete dissection of the mucosa and muscle layers to the base of the 
pouch. In small case series, there is a trend to symptom relief with size of posttreat-
ment pouch size [7].

a b

c d

e f

Fig. 45.2 (a) SB knife (Olympus, USA). (b) SB knife Jr. (Olympus, USA. (c) IT2 knife (Olympus, 
USA). (d) Clutch Cutter (Fujifilm, JP). (e) Transparent cap (US Endoscopy, USA). (f) Coagrasper 
(Olympus, USA)
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Needle knives, hook knives, and hot biopsy forceps have been used; however, 
the risk of perforation using these devices is theoretically higher [25]. Some have 
advocated for endoscopic tunneling to be performed into the Zenker pouch using 
a tunneling technique similar to that seen in a POEM [18]. After tunneling into 
the pocket is achieved, dissection of the cricopharyngeal muscle is performed 
and often extended below the base of the pouch [18]. After completion of muscle 
dissection, the entry point of the tunnel is then closed with clips [18]. Some 
institutions have advised leaving a small 2–3 mm bridge at the base to prevent 
perforation when using a needle knife exclusively, but this is not typically our 
practice. APC (ERBE VIO 300D, forced 50 W at 0.8 L/min) starting distally and 
moving proximally toward the bridge has also been employed in a limited case 
series [23].

Intraprocedural bleeding is not uncommon during the dissection of the ZD 
bridge. In our practice, we have found that it is important to have early hemo-
static control to maintain optimal visualization and minimize procedure compli-
cations. The Coagrasper (Olympus, USA), a flexible bipolar hemostasis forceps, 
can be used to isolate and cauterize bleeding vessels. If these forceps are not 
available, clips may also be used, although this limits visualization following 
deployment.

Clips can be used to close microperforations. Because these typically occur at 
the base of the ZD, concerns over visualization are typically less applicable. Some 
high-volume centers place clips at the base of every dissected ZD as prophylaxis 
against perforation; however, this is not our practice unless perforation is evident at 
the end of the procedure [15]. In limited cases we have noted patient discomfort 
following placement of clips.

At the conclusion of the procedure, all patients are checked via physical exam for 
signs of perforation such as cervical crepitus. Other high-volume centers propose 
exclusion of perforation with barium swallow, but we reserve this for patients with 
symptoms [15].

If the patient does develop fever, chills, chest pain, or neck pain, a CT of the chest 
and neck is obtained to exclude perforation. If this is negative and symptoms persist, 
we then obtain a barium swallow to further evaluate for perforation.

Following the flexible endoscopic procedure, all patients are made NPO for the 
remainder of the day. This is followed by 1 day of clear liquids, 2 weeks of a full 
liquid diet, and finally 2 weeks of a pureed and semisolid diet. At our institution our 
dietary guidelines are detailed to ensure that the patients receive adequate nutrition 
in the postoperative phase to facilitate recovery. After 4  weeks, the patient can 
resume a regular diet.

Since we require a liquid diet following the procedure, 2 weeks prior to the pro-
cedure, all medications are converted to a crushable or liquid format to ensure toler-
ance of this formulation.

Patients are provided a 1-week course of an antibiotic to minimize the risk of 
postoperative infection. Lidocaine or benzocaine drops are prescribed to decrease 
the incidence of sore throat. It should be noted that some case series do not provide 
intraprocedural or postoperative antibiotics.
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 Outcomes

A meta-analysis of 813 patients between the years of 1995 and 2015 demonstrated a 
pooled efficacy of 91% [86%, 95%], adverse event rate of 11.3% [8%, 16%], and 
recurrence rate of 11% [8%, 15%] [16]. While there is typically homogeneity in out-
comes in high-volume centers, success rates have been reported as low as 56% dem-
onstrating operator influence on outcomes [8]. Among the pooled patients in the 
above meta-analysis, all bleeding was managed endoscopically, and perforations were 
typically managed conservatively by making the patient nothing by mouth, starting 
antibiotics, and endoscopically placing a nasogastric tube [16]. Two patients (0.2%) 
developed an abscess requiring surgical incision and drainage with a protracted hos-
pital stay [5, 10]. There was no mortality associated with the procedure [16].

A case series of 31 patients using our preferred instrument, the SB knife, demon-
strated technical success in all patients with no intraprocedural complications [3]. 
One hundred percent of patients had symptom improvement with 87.1% achieving 
full resolution of symptoms [3]. Patients with only partial response opted to not 
have further treatments [3]. The only complication (3.2%) was self-limited bleeding 
that did not require transfusion [3]. The median procedure time was 14 minutes [3]. 
Another study evaluating the same instrument in 52 patients demonstrated clinical 
resolution in 90.4% of patients after a single procedure [13]. These findings mirror 
our own institutional findings.

Flexible endoscopic diverticulotomy appears to provide durable outcomes. One 
study with 150 patients noted a decrease in dysphagia score from 1.88 ± 0.6 to 0.29 
± 0.71 at 1 month [15]. At a median follow-up of 43 months (range 13–121 months), 
the dysphagia score remained low at 0.34 ± 0.72 (p < 0.01) [15]. Only 1.5% of 
patients who underwent the procedure had an aspiration event, and 0.7% had devel-
oped pneumonia at any point following the procedure [15]. This indicates that this 
is a highly durable technique when performed at experienced centers.

In a systematic review comparing endoscopic therapy to surgical therapy, it has 
been determined that the endoscopic approach results in shorter procedure time, 
decreased hospitalization, lower post-procedural complications, and decreased time to 
diet introduction [1]. Surgery does have a lower incidence of symptom recurrence [1].

Finally, it should be noted that endoscopic ZD repair can also be used success-
fully following symptom recurrence after surgery [2]. One study evaluated 25 
patients who had previously undergone surgery (17 endoscopic stapling, 8 cervical 
approach) [2]. Endoscopic dissection of the ZD resulted in symptom resolution in 
84% of patients and symptom improvement in 100% [2]. Twenty percent of this 
cohort had recurrence which was resolved with further endoscopic ZD ablation [2].

 Conclusions
ZD is a rare complication seen most commonly in elderly patients, often with 

multiple comorbidities. The data currently available are retrospective observa-
tional studies and case-control studies. At this stage, expert opinion is largely 
determinant of management. From meta-analysis of retrospective studies, it 
appears that flexible endoscopic therapy is the safest procedure followed by rigid 
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endoscopic therapy and finally open surgery. Open surgery with pouch excision 
remains an option in younger patients in which there is a 0.4% risk of the devel-
opment of squamous cell carcinoma within the pouch. Rigid endoscopic therapy 
is now widely available; however, anatomic considerations may limit the tech-
nique. The most commonly used tool, the endoscopic stapler, is limited in the 
treatment of smaller diverticula as the device has a 1 cm leading end, prohibiting 
dissection of the pouch fully to the base.

In our experience, flexible endoscopic therapy is highly versatile and not limited 
by anatomy that may prohibit rigid endoscopic access. It can be used to successfully 
treat small pouches. In meta-analysis, it has the lowest associated mortality. It can 
also be performed multiple times to ensure symptom resolution in both the setting 
of partial response and recurrence.

Given the wide range of therapy, treatment of ZD should be individualized based 
on the patient’s age, comorbidities, symptom burden, and the characteristics of the 
ZD. An experienced surgeon/endoscopist should guide the technique selection in 
concert with the patient. Given the rarity of the disease, the procedure should be 
performed by a high-volume practitioner to maximize symptom control and mini-
mize complications and recurrence.

References

 1. Albers DV, Kondo A, Bernardo WM, Sakai P, Moura RN, Silva GL, Ide E, Tomishige T, de 
Moura EG. Endoscopic versus surgical approach in the treatment of Zenker’s diverticulum: 
systematic review and meta-analysis. Endosc Int Open. 2016;4:E678–86.

 2. Antonello A, Ishaq S, Zanatta L, Cesarotto M, Costantini M, Battaglia G. The role of flexible 
endotherapy for the treatment of recurrent Zenker’s diverticula after surgery and endoscopic 
stapling. Surg Endosc. 2016;30:2351–7.

 3. Battaglia G, Antonello A, Realdon S, Cesarotto M, Zanatta L, Ishaq S. Flexible endoscopic 
treatment for Zenker’s diverticulum with the SB Knife. Preliminary results from a single- 
center experience. Dig Endosc. 2015;27:728–33.

 4. Bloom JD, Bleier BS, Mirza N, Chalian AA, Thaler ER. Factors predicting endoscopic expo-
sure of Zenker’s diverticulum. Ann Otol Rhinol Laryngol. 2010;119:736–41.

 5. Case DJ, Baron TH.  Flexible endoscopic management of Zenker Diverticulum: the Mayo 
Clinic experience. Mayo Clin Proc. 2010;85:719–22.

 6. Chang CY, Payyapilli RJ, Scher RL.  Endoscopic staple diverticulostomy for Zenker’s 
diverticulum: review of literature and experience in 159 consecutive cases. Laryngoscope. 
2003;113:957–65.

 7. Costamagna G, Iacopini F, Bizzotto A, Familiari P, Tringali A, Perri V, Bella A. Prognostic 
variables for the clinical success of flexible endoscopic septotomy of Zenker’s diverticulum. 
Gastrointest Endosc. 2016;83:765–73.

 8. Costamagna G, Iacopini F, Tringali A, Marchese M, Spada C, Familiari P, Mutignani M, Bella 
A. Flexible endoscopic Zenker’s diverticulotomy: cap-assisted technique vs. diverticuloscope- 
assisted technique. Endoscopy. 2007;39:146–52.

 9. Demeester T, Bremner CG. Selective cricopharyngeal myotomy for Zenker’s diverticulum. J 
Am Coll Surg. 2003;196:451–2.

 10. Evrard S, Moine OL, Hassid S, Devière J. Zenker’s diverticulum: a new endoscopic treatment 
with a soft diverticuloscope. Gastrointest Endosc. 2003;58:116–20.

M. J. Skinner and C. C. Thompson



545

 11. Fama AF, Moore EJ, Kasperbauer JL. Harmonic scalpel in the treatment of Zenker’s diverticu-
lum. Laryngoscope. 2009;119:1265–9.

 12. Fulp SR, Castell DO. Manometric aspects of Zenker’s diverticulum. Hepato-Gastroenterology. 
1992;39:123–6.

 13. Goelder SK, Brueckner J, Messmann H.  Endoscopic treatment of Zenker’s diverticu-
lum with the stag beetle knife (sb knife) - feasibility and follow-up. Scand J Gastroenterol. 
2016;51:1155–8.

 14. Huang BS, Unni KK, Payne WS. Long-term survival following diverticulectomy for cancer in 
pharyngoesophageal (Zenker’s) diverticulum. Ann Thorac Surg. 1984;38:207–10.

 15. Huberty V, El Bacha S, Blero D, Le Moine O, Hassid S, Deviere J. Endoscopic treatment for 
Zenker’s diverticulum: long-term results (with video). Gastrointest Endosc. 2013;77:701–7.

 16. Ishaq S, Hassan C, Antonello A, Tanner K, Bellisario C, Battaglia G, Anderloni A, Correale 
L, Sharma P, Baron TH, Repici A. Flexible endoscopic treatment for Zenker’s diverticulum: a 
systematic review and meta-analysis. Gastrointest Endosc. 2016;83:1076–1089.e5.

 17. Ishioka S, Sakai P, Maluf Filho F, Melo JM.  Endoscopic incision of Zenker’s diverticula. 
Endoscopy. 1995;27:433–7.

 18. Li QL, Chen WF, Zhang XC, Cai MY, Zhang YQ, Hu JW, He MJ, Yao LQ, Zhou PH, Xu 
MD.  Submucosal tunneling endoscopic septum division: a novel technique for treating 
Zenker’s Diverticulum. Gastroenterology. 2016;151:1071–4.

 19. Lixin J, Bing H, Zhigang W, Binghui Z. Sonographic diagnosis features of Zenker diverticu-
lum. Eur J Radiol. 2011;80:e13–9.

 20. Ludlow A. A case of obstructed deglutition from a preternatural dilation of a bag formed in 
pharynx. Med Observations Inquiries. 1797;3:85.

 21. Mulder CJ, Costamagna G, Sakai P. Zenker’s diverticulum: treatment using a flexible endo-
scope. Endoscopy. 2001;33:991–7.

 22. Mulder CJ, den Hartog G, Robijn RJ, Thies JE. Flexible endoscopic treatment of Zenker’s 
diverticulum: a new approach. Endoscopy. 1995;27:438–42.

 23. Rabenstein T, May A, Michel J, Manner H, Pech O, Gossner L, Ell C. Argon plasma coagula-
tion for flexible endoscopic Zenker’s diverticulotomy. Endoscopy. 2007;39:141–5.

 24. Resouly A, Braat J, Jackson A, Evans H. Pharyngeal pouch: link with reflux and oesophageal 
dysmotility. Clin Otolaryngol Allied Sci. 1994;19:241–2.

 25. Rieder E, Martinec D, Dunst C, Swanström L. Flexible endoscopic Zenkers diverticulotomy 
with a novel bipolar forceps: a pilot study and comparison with needleknife dissection. Surg 
Endosc. 2011;25:3273–8.

 26. Rizzetto C, Zaninotto G, Costantini M, Bottin R, Finotti E, Zanatta L, Guirroli E, Ceolin M, 
Nicoletti L, Ruol A, Ancona E. Zenker’s diverticula: feasibility of a tailored approach based on 
diverticulum size. J Gastrointest Surg. 2008;12:2057–64; discussion 2064–5.

 27. Sharma R, Decross AJ. Zenker’s diverticulitis secondary to alendronate ingestion: a rare cause 
of recurrent dysphagia. Gastrointest Endosc. 2011;73:368–70.

 28. Siddiq MA, Sood S, Strachan D. Pharyngeal pouch (Zenker’s diverticulum). Postgrad Med J. 
2001;77:506–11.

 29. Verhaegen VJ, Feuth T, van den Hoogen FJ, Marres HA, Takes RP. Endoscopic carbon dioxide 
laser diverticulostomy versus endoscopic staple-assisted diverticulostomy to treat Zenker’s 
diverticulum. Head Neck. 2011;33:154–9.

 30. Yuan Y, Zhao YF, Hu Y, Chen LQ. Surgical treatment of Zenker’s Diverticulum. Dig Surg. 
2013;30:207–18.

 31. Zaninotto G, Rizzetto C. Optimal therapy for cricopharyngeal diverticula. In: Ferguson MK, 
editor. Difficult decisions in thoracic surgery: an evidence-based approach. London: Springer 
London; 2011.

45 Zenker’s Diverticulum: Transoral Repair



547© SAGES 2019
J. Grams et al. (eds.), The SAGES Manual of Foregut Surgery, 
https://doi.org/10.1007/978-3-319-96122-4_46

L. S. Su (*) · J. O. Wee 
Department of Thoracic Surgery, Brigham and Women’s Hospital, Boston, MA, USA
e-mail: lssu@partners.org; jwee@bwh.harvard.edu

46Epiphrenic and Mid-Esophageal 
Diverticula

Lowell S. Su and Jon O. Wee

 Introduction

The esophagus is an organ composed of four layers: mucosa, submucosa,  
muscularis propria, and adventitia. In the adult, the esophagus measures 35 cm in 
length and is divided into three segments: cervical, middle, and distal. The cervical 
portion extends from the cricoid cartilage to the thoracic inlet (10–18 cm from the 
incisors). The middle segment extends from the thoracic inlet to the halfway between 
the tracheal bifurcation and the gastroesophageal junction (19–34 cm from the inci-
sors). The distal esophagus is the remaining portion that concludes in the abdomen 
at the gastroesophageal junction (35–42 cm from the incisors). These anatomical 
segments become important when classifying esophageal diverticula, as the loca-
tion dictates the pathophysiology and operative treatment.

A diverticulum is defined as an abnormal sac or outpouching formed at the weak 
point in the esophagus. A true esophageal diverticulum involves all the layers of 
esophagus; conversely, a false esophageal diverticulum does not. The vast majority of 
esophageal diverticular disease are acquired. Esophageal diverticula can be generally 
classified by pathophysiology, namely, traction or pulsion type. Pulsion diverticula are 
the most common form and are secondary to esophageal dysmotility. They are false 
diverticula because they lack a muscular wall and are usually found in the cervical and 
distal esophagus. Traction diverticula are rare and almost exclusively occur in the 
mid-esophagus [1]. These are true diverticula, and as the name suggests they are 
caused by external forces that pull the esophagus into a conical outpouching.

Esophageal diverticula are also classified by their location. Pharyngoesophageal 
diverticula, commonly referred to as Zenker’s [2] diverticula, are the most common 
diverticula and are located in the cervical esophagus. They occur at the junction 
between the cricopharyngeus and inferior constrictor muscles, known as Killian’s 
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triangle. This area between the muscle fibers is an inherent weak point that leads to 
diverticular formation with increased hypopharyngeal pressure. Epiphrenic diver-
ticula are the second most common diverticula and occur at the distal esophagus. 
They occur most often in the right posterior wall and occur in a 1:3 ratio to pharyn-
goesophageal diverticula [3]. Mid-esophageal diverticula are the least common of 
the esophageal diverticula. Although mid-esophageal diverticula were initially 
thought to be caused exclusively by external traction in patients with mediastinal 
fibrosis, lymphadenopathy, or inflammatory conditions such as tuberculosis or his-
toplasmosis, there is recent increasing evidence that the majority of cases now are 
caused by esophageal motility disorders [4]. Most cases of congenitally acquired 
esophageal diverticula occur in the mid-esophagus and are a result of abortive tra-
cheoesophageal fistula or foregut duplications [5].

This chapter focuses on the indications, preoperative preparation, minimally 
invasive operative technique, and postoperative outcomes for epiphrenic and mid- 
esophageal diverticula. Pharyngoesophageal diverticula is discussed separately in a 
different chapter.

 Epiphrenic Diverticula

Epiphrenic diverticula (ED) are the second most common esophageal diverticula 
and in conjunction with mid-esophageal diverticula comprise 10–15% of esopha-
geal diverticula. They were first described by Mondiere in 1833 [6], and overall 
are rare entities, occurring in 0.015% of the general population based on radio-
logical data [7]. These diverticula occur within the distal 10 cm of the esophagus, 
and the majority occur on the right posterior wall. They are pulsion diverticula 
and represent herniation of the mucosa and submucosa through the muscular lay-
ers of the esophageal wall as a result of increased intraluminal pressure. On radio-
graph, these diverticula have a wide neck, rounded contour, and retain contrast 
during a swallow study. A radiographic study at the University of Pennsylvania 
found ED in their patient population to have a mean width of 4.4 cm and mean 
height of 3.7 cm, with a direct correlation of width and preferential filling during 
a barium swallow study [8]. The size also had significant correlation with devel-
opment of symptoms.

 Pathophysiology

With the advancement in esophageal imaging and motility studies, it is clear that 
these diverticula are a direct result of functional distal obstruction and dysmotility 
that increase luminal pressure. 66–75% of patients that develop ED have some form 
of functional obstruction in the form of achalasia, and the majority have esophageal 
dysmotility, often as a lack of coordination between the distal esophagus and lower 
esophageal sphincter (LES) [9]. Manometric studies in patients with ED frequently 
show the classic features of diffuse esophageal spasm or nonspecific motor disor-
ders. It is inferred that increased motor activity and abnormal lower esophageal 
sphincter relaxation produce zones of increased intraluminal pressure through 
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which these outpouchings occur [10, 11]. Multiple ED are found in up to a fourth of 
these patients [12]. When present, they are either aligned longitudinally or circum-
ferentially along the LES. It is currently unknown whether increasing numbers of 
diverticula directly correlate with development of symptoms.

 Signs, Symptoms, and Diagnosis

Most patients who develop epiphrenic diverticula are asymptomatic. When patients 
do become symptomatic, the two most common reported symptoms are dysphagia 
and regurgitation. Dysphagia can occur both in the setting of a hypertensive LES and 
a normotensive LES [13]. As the diverticulum enlarges and fills with undigested food, 
regurgitation occurs and worsens. Often these symptoms are easily mistaken for gas-
troesophageal reflux disease, but a careful history will elicit a taste of bland and not 
bitter food in the mouth as the regurgitated food never mixes with gastric acid. It is 
important to realize that the size of the diverticulum, while contributory to regurgita-
tion, is not the most important determinant. It is now recognized that symptoms cor-
relate better with the esophageal dysmotility  characteristics than with the size of the 
diverticulum [14], and it is this distinguishing feature which must be taken into 
account when deciding upon a robust and long-lasting operative treatment. Pulmonary 
complications from aspiration occur in 24% to 45% of patients [15]. Ulceration, 
bleeding, and even perforation have been described. Though ED is correctly classified 
as a benign disease process, there have been reports of benign (leiomyoma) and 
malignant (squamous cell carcinoma) neoplasms with ED. [16–19]

The diagnosis of ED is first established by a barium swallow. Most ED are under 
5 cm in width, though giant diverticulum can grow in excess of 10 cm. Best imaging 
results are accomplished with prone RAO oblique and upright swallow views. With a 
contrast swallow, it is imperative to determine the relationship between the diverticu-
lum and the gastroesophageal junction. It is also possible to identify evidence of 
esophageal motility disorders and the presence of a hiatal hernia. Further diagnostic 
testing should proceed after initial imaging because, as stated previously, the diver-
ticulum is the result of a functional obstruction and esophageal dysmotility. Failure to 
reach a diagnosis of the latter will result in sub-optimal treatment. Esophagoscopy is 
used to evaluate the esophagus for strictures, masses, erosions, and dysplasia (i.e., 
Barrett’s). Special attention should be focused on the LES, noting the distance from 
the incisors as well as the muscle tone and possible presence of a hiatal or paraesopha-
geal hernia. The diverticulum size and relation to the gastroesophageal junction can 
also be assessed directly. The stomach and proximal duodenum are also evaluated. 
Any abnormal finding should be documented and if necessary biopsied. Manometry 
and pH studies can be performed but are not required as the anatomic defect can make 
placement of the probes difficult and may not alter the operative plan. Often it is nec-
essary to place it under endoscopic guidance as the catheter may otherwise coil in the 
diverticulum. The manometric findings may help determine the length of esophago-
myotomy required to relieve the functional obstruction. The LES resting pressure, 
esophageal body contractile amplitudes, and contractile propagation should be mea-
sured. Twenty-four-hour pH study adds little and can be deferred as the decision for a 
fundoplication often is related to the operative approach.
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 Indications for Operative Treatment

Once a diagnosis of ED is made, there is debate concerning the indications for opera-
tive management. Patients who present with moderate-to-severe symptoms that affect 
lifestyle should undergo operative treatment. The controversy remains on how to 
manage those patients with mild symptoms or without symptoms at all. The natural 
history of asymptomatic ED remains widely unknown, though some reports state that 
less than 10% of these patients will progress to classic symptoms [20]. Proponents of 
treating mildly symptomatic or asymptomatic patients by medical means argue that 
the majority of these patients do not progress to lifestyle-limiting symptoms and the 
risks of surgery outweigh the benefits. Benacci et al. from the Mayo Clinic [21] report-
ing a series of 112 patients described the natural history of the condition in a group of 
47 asymptomatic individuals who did not undergo  surgical therapy. Twenty of these 
patients were monitored for a median of 4  years and all remained symptom-free. 
Fifteen additional patients had mild symptoms without surgical intervention, and in 
none of them did incapacitating symptoms develop during a median follow-up of 
11 years. Although only half the patients with asymptomatic or mildly symptomatic 
disease had long-term follow-up available for review, progressive symptoms or com-
plications did not develop in any of them. Opponents of the conservative approach 
state that developing symptoms can have devastating consequences. Altorki and col-
leagues strongly supported surgical intervention in all patients after noting aspiration 
in 9 of 20 patients, 3 of whom experienced life-threatening complications. Some, such 
as Debas et al., have argued that the size of the diverticulum guides treatment, using 
the arbitrary cutoff of >5 cm as an indication for operative treatment. However, as 
stated by Belsey himself, the size of the pouch correlates poorly with symptom sever-
ity, and it is the underlying motility disorder that should be sought after and fixed. An 
increasing number of asymptomatic patients are being treated surgically if found to 
have an underlying obstructive or motility disorder, and the results suggest that this is 
a safe approach with acceptable long-term outcomes.

 Operative Technique

The tenets of operative treatment for ED revolve around three points:

 1. Direct treatment of the diverticulum, either with diverticulectomy or 
diverticulopexy.

 2. Esophagomyotomy.
 3. Anti-reflux procedure, either full or partial esophageal wrapping.

Minimally invasive operative techniques have gained popularity and are rapidly 
becoming the procedure of choice for most surgeons. Recently, there have been 
many reports of safe and effective thoracoscopic and laparoscopic results in the lit-
erature when performed in high-volume centers by experienced surgeons. Though 
discussed in this chapter, the main surgical approach used until recently has been a 
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left thoracotomy. This provides excellent access to the distal esophagus, esophago-
gastric junction, and the diverticulum itself. Reported morbidity from an open 
approach ranges from 6% to 38%, and mortality ranges from 0% to 11% [22].

 Thoracoscopic Approach
The standard thoracoscopic approach is through a right video-assisted thoraco-
scopic surgery (VATS). The right side is chosen as the majority of ED develop 
from the right side of the esophagus and are adherent to the right pleura or dia-
phragm, or both. If there are preoperative manometric abnormalities, it is sug-
gested that pneumatic LES dilatation be performed to help overcome the difficulty 
of performing a myotomy from the right chest [23]. Single-lung ventilation is 
preferred. The patient is placed in the left lateral decubitus position, and four tho-
racoscopic ports are used: one for the camera, one for retraction, and two for work-
ing instruments (Fig.  46.1). Dissection is begun by taking down the inferior 
pulmonary ligament and freeing the right lower lobe to the level of the inferior 

Tip of
scapula

Diaphragm
traction suture

Fig. 46.1 Port placements 
for right video-assisted 
thoracoscopic surgery 
(VATS). (Source: Sugarbaker 
et al. [46]. Copyright © The 
McGraw-Hill Companies, 
Inc. All rights reserved)
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pulmonary vein. Often a single retraction suture in the central tendon of the dia-
phragm can facilitate exposure of the distal esophagus. A fan retractor is used to 
retract the lung anteriorly, and division of the azygous vein is sometimes advanta-
geous. The pleura overlying the esophagus is incised, and the right lateral aspect 
of the esophagus is dissected for a length of approximately 10 cm. Moderate insuf-
flation and transillumination through an esophagoscope facilitate both dissection 
and resection of the diverticulum. The pouch is grasped with a clamp and gentle 
traction applied to facilitate identification of the diverticular neck. A myotomy 
must be performed either on the contralateral or ipsilateral side (Fig. 46.2). The 
myotomy typically extends proximal to the neck of the diverticulum and distally 
to an extent that is based on the preoperative and intraoperative findings. If 
required, the myotomy is extended across the lower esophageal sphincter (LES) 
and onto the stomach. A bougie or the endoscope can be used to stent the esopha-
gus. The diverticulum is then resected using a reticulating stapler (EndoGIA), 
making sure that the stapler is oriented parallel to the longitudinal axis of the 
esophagus (Fig.  46.3). The overlying muscle and pleural layer is approximated 
over the mucosa staple line.

 Laparoscopic Approach
The laparoscopic approach has also been advocated in an effort to simplify align-
ment of the stapler and facilitate performance of myotomy and fundoplication [24]. 
Another reported benefit of this technique includes better visualization of the distal 
esophagus, which is of particular importance in patients undergoing a myotomy, 
fundoplication, or both of these [25, 26]. The major disadvantages of the 

Myotomy

Right
vagus nerve

Fig. 46.2 A long myotomy 
is performed through a right 
VATS approach after 
resection of the epiphrenic 
diverticulum. (Source: 
Sugarbaker et al. [46]. 
Copyright © The McGraw-
Hill Companies,  
Inc. All rights reserved)
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laparoscopic approach are seen in cases of diverticula that are large or inflamed with 
significant adhesions, both of which make adequate transhiatal dissection difficult 
[27, 28]. The patient is placed on the operating table supine and in reverse 
Trendelenburg inclination. Lithotomy positioning can be helpful. Pneumoperitoneum 
is established, and five operating ports are placed in the upper part of the abdomen 
(Fig. 46.4). The phrenoesophageal membrane is incised, and the dissection is car-
ried up into the mediastinum to mobilize the esophagus. Mediastinal dissection is 
performed bluntly close to the esophageal wall until the diverticular pouch is 
reached. Moderate insufflation and transillumination through an endoluminal 
esophagoscope facilitate dissection of the diverticulum and identification of its 
neck. The pouch must be thoroughly cleaned of all adhesions. A Heller myotomy is 
performed. It is extended distally for approximately 2 cm on the gastric side and 
extended above the diverticulum. The endoscope is kept in the esophageal lumen to 
stent the esophagus. A reticulating linear endostapler is introduced through the tro-
car and applied parallel to the esophageal axis. Further stapler application may be 
necessary to remove the diverticulum. The integrity of the suture line must be 

Diverticulum

Bougie Esophagus

Fig. 46.3 Epiphrenic 
diverticulectomy. Note that 
the angle of the endoscopic 
stapler must be parallel to the 
neck of the diverticulum to 
ensure complete resection of 
the diverticulum and its neck
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checked endoscopically. A partial fundoplication is constructed by suturing the 
anterior fundic wall to the edges of the myotomy. The cranial sutures also attach the 
fundus to the anterior crus. A posterior hiatoplasty may be performed with inter-
rupted sutures if the hiatal opening is enlarged.

 Postoperative Management

A fluoroscopic swallow test is performed using Gastrografin or thin barium prior to 
oral feeding. This is not only to test for a leak through the staple line but to docu-
ment no swallow dysfunction or aspiration. If the swallow test is reassuring for no 
leak, the patient is initiated on a liquid diet. An epidural is often used when a thora-
coscopic approach is used to prevent postoperative splinting, and chest tubes are 
placed intraoperatively and usually removed 48–72  h after surgery. The median 
hospital stay is 5–7 days [22, 32]. Following a laparoscopic approach, patients can 
be advanced on a typical Nissen course.

 Complications
The University of Pittsburgh reported a series of minimally invasive epiphrenic 
diverticula resection spanning 15  years. Patients were followed for a median of 
20  months, and the median postoperative dysphagia scores were significantly 

Assistant

Surgeon

5 mm

5 mm

5 mm

11 mm

11 mm

Fig. 46.4 Laparoscopic approach for epiphrenic diverticulum resection, myotomy, and fundopli-
cation. This figure illustrates the surgeon standing in lithotomy position. (Source: Sugarbaker et al. 
[46]. Copyright © The McGraw-Hill Companies, Inc. All rights reserved)
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reduced compared to preoperative scores (p < 0.001) [29]. Their overall complica-
tion rate was 30%. Major morbidity includes leak from the suture line or myotomy 
line, mediastinitis, fistula, recurrent laryngeal nerve injury, phrenic nerve injury, 
recurrence from incomplete myotomy, and development of reflux.

 Controversies

There are several areas of controversy in the management of epiphrenic diverticula. 
The first area revolves around the choice of surgical approach. Macke et al. report that 
the trend of operative approach at the University of Pittsburgh has favored thoraco-
scopic treatment between 2003 and 2012, while the laparoscopic approach dominated 
between 1997 and 2002 [29]. While there are no prospective, randomized trials that 
compare open, laparoscopic, and thoracoscopic approaches in terms of morbidity and 
mortality, there are many reports in the literature of comparable results when each 
approach is studied individually. Hirano et al. looked at 133 patients within 25 articles 
published between 1995 and 2008 discussing results from laparoscopic or thoraco-
scopic surgery for epiphrenic diverticula. The laparoscopic approach was used in 
84%, the thoracoscopic approach used in 14%, and a combined laparoscopic and tho-
racoscopic approach used in 2%. Overall mortality was 2%, and overall morbidity 
was 21%. The breakdown of complications was as follows: leak (15%), dysphagia 
(3%), pneumonitis (2%), symptomatic reflux (2%), and diverticulum recurrence (1%) 
[7]. Kilic et al. similarly looked at the operative results of 85 patients published in 10 
papers who underwent minimally invasive surgery. Perioperative mortality was 1.2%, 
and the morbidity ranged from 0% to 45% with leaks comprising 14% [30]. While 
these numbers were higher than many of the more contemporary reports, many of 
these small series were early in the surgeons’ experience with minimally invasive 
surgical approaches. These results were also comparable to the outcomes from open 
procedures reported from a large series in which mortality was 6.1% and morbidity 
ranged up to 38%. The authors prefer the laparoscopic approach as it gives good 
access to the diverticulum, allows for better extension of the myotomy distally, allows 
for a fundoplication, and has better pain control.

The second area which is now largely less debated is the question of performing 
a diverticulectomy versus a diverticulopexy. There are many reports from previous 
decades of varying degrees of successful diverticulopexy or imbrication for small 
diverticula. However, most contemporary surgeons would argue that complete 
resection is necessary to only prevent recurrence but also to prevent rare transforma-
tion into squamous cell carcinoma [31]. The critical step in performing a diverticu-
lectomy is identification, exposure, and resection of the diverticular neck as failure 
to do so can lead to long-term recurrence. Many surgeons advocate buttressing the 
resection staple line. Mack and Luketich from the University of Pittsburgh found 
that omitting the buttressing step led to higher leak rates in an early series [32].

Another topic that has been debated in the literature is routine use of myotomy 
and the length of the myotomy. Belsy first stated the importance of addressing the 
underlying etiology leading to epiphrenic diverticular formation, namely, 
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resolving dysmotility and over-pressurization of the esophagus. This has led to 
many surgeons advocating the routine use of myotomy, even if a motor disorder is 
not identified preoperatively [33, 34]. The counter argument is that a certain per-
centage of patients do not have manometric findings of dysmotility and that per-
forming a myotomy routinely is unnecessary. However, accurate placement of the 
manometer can be difficult in the setting of a diverticulum, and in many cases the 
esophageal dysmotility can be intermittent and not captured with manometry. The 
Mayo Clinic reported a series where 60% of patients who were operated on for 
diverticular treatment had been diagnosed with esophageal dysfunction preopera-
tively. Varghese et al. at the University of Michigan reported preoperative identi-
fication of 82% of patients, and Nehra et  al. reported 100% preoperative 
identification at the University of Southern California. Omitting a myotomy has 
led to leak and recurrence rates ranging from 10% to 20% [15, 21, 32, 35]. A 
closely related topic is the length of the myotomy. Streitz and colleagues advo-
cated performing a myotomy only in the area of the motor abnormality while 
sparing the lower sphincter unless hypertensive [36]. Opponents to this idea state 
that the risk of complication is too great to omit a myotomy that extends through 
the lower sphincter and onto the stomach, as there are a percentage of patients 
with a hypertensive lower esophageal sphincter who are not diagnosed preopera-
tively. Currently there are no studies to conclusively state a superior myotomy 
length. The authors support performing a myotomy on all patients who undergo a 
diverticulectomy as the risk of leak and recurrence due to persistent high intrae-
sophageal pressure remains high.

Finally, the issue of whether a fundoplication should be performed is not settled. 
Thomas and associates noted no difference in leak rates after myotomy with or 
without fundoplication (7% versus 8%), but they did report a higher rate of postop-
erative heartburn when a fundoplication was not performed (16% versus 9%) [37]. 
In a more recent series by Rossetti and coworkers, a leak rate of 24% was reported 
after diverticulectomy, myotomy, and complete fundoplication [38]. Most series 
report a fundoplication when a myotomy is performed either laparoscopically or 
when the myotomy is carried through the gastroesophageal junction onto the stom-
ach. Moreover, when achalasia is present, most would favor a partial over a full 
fundoplication. When a thoracoscopic approach is taken, reports of not performing 
a fundoplication, performing a modified Belsey Mark IV, as well as adding a selec-
tive laparoscopic fundoplication have been advocated.

 Mid-Esophageal Diverticula

Mid-esophageal diverticula are the least common diverticula of the esophagus. 
They occur between the thoracic inlet up to the distal 10 cm of the esophagus, with 
the majority of these outpouchings occurring within 4  cm of the carinal level 
(Fig. 46.5). The true etiology of mid-esophageal diverticula is unknown, but often 
they are considered the only true diverticula of the esophagus. There were descrip-
tions of these types of diverticula in 1840 by Rokitansky, in 1878 by Zenker, and in 
1932 by Kragh [39, 40].
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 Pathophysiology

Traditionally mid-esophageal diverticula have been associated with mediastinal 
lymph nodes that were pathologically altered secondary to tuberculosis, anthracosis, 
histoplasmosis, or other granulomatous diseases. These inflamed nodes become 
adherent to the esophagus, and over time the resultant scarring begins to contract 
and pulls the affected portion of the esophagus outward as a diverticulum. Those 
diverticula that arise from this outward traction are appropriately named traction 
diverticula and are true diverticula. Initially these mid-esophageal diverticula were 
believed to be strictly acquired, but in the early twentieth century, Ribbert began 
arguing a possible congenital etiology [41]. He postulated that in some patients mid-
esophageal diverticula are a direct result of a closed tracheoesophageal fistula or 
foregut duplication cyst, and there have been reports in the literature to support this 
theory. Currently in the Western world there has been a steady decline in granulo-
matous disease of the mediastinum, and one recent review concluded that the most 
common etiology of these diverticula is an esophageal motor disorder [42]. Evander 
and associates from the University of Chicago studied a group of ten patients with 
mid-esophageal or epiphrenic diverticulum, and they found that whether they were 
traction or pulsion types, all of them had underlying esophageal motility disorders 
[43]. Consequently, any esophageal diverticulum should be regarded as a pulsion 
diverticulum until proven otherwise. There are reports of detection of squamous cell 
carcinoma arising from a mid-esophageal diverticulum, but this is rare [44].

 Signs, Symptoms, and Diagnosis

The overwhelming majority of patients are asymptomatic, and most are discovered 
incidentally on imaging. This is believed to be secondary to the wide-based neck 
and dependent drainage distally in the esophagus. Symptoms associated with these 
diverticula include dysphagia, retrosternal pain, regurgitation, hemoptysis, and 
recurrent pneumonias and mediastinitis secondary to fistulization. Bleeding can 

Fig. 46.5 Mid-esophageal 
diverticulum. Though thought 
to be exclusively a traction 
diverticulum, mid-esophageal 
diverticula can be pulsion 
type that does not involve all 
layers of the esophageal wall. 
(Source: Sugarbaker et al. 
[46]. Copyright © The 
McGraw-Hill Companies, 
Inc. All rights reserved)
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result from erosion of the diverticulum into bronchial or esophageal arterial 
branches. Fistula formation between the esophagus and trachea can result in a 
“swallow-cough” phenomenon and recurrent aspiration pneumonias.

Any suspicion should begin with an extensive history focusing on presence of 
congenital tracheoesophageal fistulas or duplication cysts, previous granulomatous 
infections of the mediastinum, and previous lung malignancy. The workup should 
initially consist of chest imaging in the form of a plain X-ray and/or computed 
tomography (CT). The CT should help identify any mediastinal abnormalities or 
previous signs of disease. Esophagoscopy should be performed to visualize the 
diverticulum and look for other esophageal pathology. Esophageal manometry is 
used to diagnose any dysmotility disorders, and if the patient is having reflux symp-
toms, a pH study is often helpful to rule out GERD.

Indications for Operative Treatment

Unlike epiphrenic and to some extent upper esophageal diverticula, all mid- esophageal 
diverticula should be treated surgically. This is mainly to prevent the potentially cata-
strophic complications of bleeding and recurrent infection. There is no data in the lit-
erature that details the natural history of these diverticula or the percentage of patients 
that develop symptoms over time as this is an exceedingly rare pathologic process.

 Operative Technique

The objectives for operative treatment for mid-esophageal diverticula are:

 1. Resection of the diverticulum.
 2. Resection of any fistula.
 3. Treating an underlying esophageal motility disorder.

 Thoracoscopic Approach
The optimal strategy is to approach the diverticulum from the right chest as this 
avoids the heart and aorta obstructing the surgeon’s working field. The patient is 
placed in left lateral decubitus position, and four ports are used to access the chest 
in similar placement for a minimally invasive esophagectomy. One port is for the 
camera, one for a retractor, and two for working ports. Single-lung ventilation is 
implemented, and the inferior pulmonary ligament is taken down. The mediastinal 
pleura is dissected to expose the esophagus. There will be likely adhesive disease 
secondary to chronic inflammation and scarring, and meticulous attention must be 
used to preserve the anterior and posterior vagi, the phrenic nerve, and the tho-
racic duct. The azygous vein can be ligated if needed for exposure. Periesophageal 
dissection is employed for mobilization, and this can be carried to the thoracic 
inlet if needed in order to rotate the esophagus and display the diverticulum. Care 
should be taken to preserve as much of the direct arterial and venous branches to 
the esophagus. The diverticular neck is then exposed and a search for a fistula 
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should ensue. If there is a fistula, the tract should be ligated and resected. A myot-
omy is then carried out just proximal to the diverticulum that extends 4–5  cm 
distal to the diverticulum. A reticulating stapler (EndoGIA) is aligned parallel to 
the esophagus and fired for resection. It is important to then buttress the staple line 
with either pleura or an intercostal muscle flap to prevent fistulization. If there is 
concomitant GERD or lax lower esophageal sphincter, a partial fundoplication 
may be added.

 Endoscopic Approach
Per-oral endoscopic myotomy (POEM) has been recently used to treat mid- 
esophageal diverticula with short-term success [45]. Patients fast the day before the 
procedure, and general anesthesia is used. The esophagoscope is introduced and 
passed into the esophagus. The diverticulum is identified and measured from the 
incisors. The scope is then passed into the stomach looking for a hiatal hernia or 
tight lower esophageal sphincter. The scope is then passed back into the diverticu-
lum and all debris is suctioned out. A 2-cm transverse mucosal incision is made 
approximately 5 cm above the diverticulum with an endoscopic knife, and a submu-
cosal tunnel is created using repeated jet injection of normal saline mixed with 
methylene blue dye. Then the endoscopic knife is used to perform the myotomy 
proximal and distal to the diverticulum. The mucosal defect is then closed with 
metal clips. The scope is then passed down the natural esophageal lumen to confirm 
easy passage and to look for any esophageal perforation.

 Postoperative Management

For patients who undergo thoracoscopic surgery, a fluoroscopic swallow test is per-
formed to assess for esophageal leak or dysfunction. Patients who have no signs of 
leak or swallowing dysfunction are started on a liquid diet. The chest tubes are usu-
ally removed if there is no evidence of a leak. Patients undergoing POEM procedure 
are kept overnight in the hospital and undergo a contrast swallow study the next day. 
If there are no signs of leak or perforation, the patient is also started on a liquid diet.

 Complications
The main complications that can arise are recurrent diverticulum, fistula formation, 
esophageal stenosis, recurrent laryngeal and phrenic nerve injury, and esophageal 
perforation. No long-term results have been reported for minimally invasive mid- 
esophageal diverticulectomy and myotomy or endoscopic myotomy.
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 Background

Epiphrenic diverticula are an uncommon form of esophageal diverticula that occur 
in the distal 10 cm of the esophagus [1–3]. The majority of patients have a single 
diverticulum, although 15–25% of patients may have multiple diverticula [4–6]. An 
epiphrenic diverticulum is characterized as a pulsion-type diverticulum caused by 
both localized weakness in the esophageal musculature and high intraluminal pres-
sures [7]. During the mid-twentieth century, Belsey and Effler suggested that esoph-
ageal diverticula were the result of an underlying esophageal motility disorder and 
that treatment should focus on the motility disorder in addition to surgical resection 
[8, 9]. These astute observations formed the foundation for the surgical treatment of 
epiphrenic diverticula in the present day. Roux described the first surgical excision 
of an epiphrenic diverticulum through an open transabdominal approach, and in 
1916 Stierling attempted transthoracic resection. Unfortunately this patient died 
from a leak and resultant mediastinitis [10].

As alluded to above, the pathophysiology of epiphrenic diverticula formation is 
likely due to a disordered contraction between the distal esophagus and the lower 
esophageal sphincter, which over time could lead to the development of an esopha-
geal out-pouching containing submucosa and mucosa [11]. Recent studies have 
sought to identify a consistent association between esophageal motility disorders 
and epiphrenic diverticula. Motility disorders were found in 75–100% of patients 
studied with epiphrenic diverticula [2, 5, 12, 13].
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Epiphrenic diverticula are usually asymptomatic but when symptomatic can 
cause dysphagia, regurgitation, and chest pain [3]. There have also been reports of 
patients presenting with severe halitosis who are ultimately diagnosed with an epi-
phrenic diverticulum [14]. It is important to point out that the symptoms in patients 
presenting with epiphrenic diverticula are more likely due to the underlying motility 
disorder than the diverticulum itself [15]. In addition to the potential for severe 
symptoms, there is a small risk of malignancy from an epiphrenic diverticulum, 
estimated to be around 0.6% [16]. This is likely due to chronic inflammation that is 
caused by stasis and fermentation of food within the diverticulum [17].

 Diagnosis and Preoperative Evaluation

A barium esophagram should be completed for diagnosis as well as to aid in surgi-
cal planning. The esophagram allows for localization and measurement of the size 
and dimensions of the diverticulum and its distance from the gastroesophageal junc-
tion. Upper endoscopy should also be performed to rule out malignancy. Esophageal 
manometry is indicated to rule out an underlying esophageal motility disorder, and 
24-hour pH monitoring should be done if a patient has symptoms of gastroesopha-
geal reflux. Once the diagnosis is confirmed, the patient should be referred for surgi-
cal consultation.

 Indications for Surgery

Severe or intractable symptoms such as chest pain, dysphagia, or regurgitation are 
an indication for surgery. Patients are typically offered a diverticulectomy with 
esophagomyotomy and an anti-reflux procedure if there is an esophageal motility 
disorder present. Prior to surgery, a thorough history and physical examination 
should be performed. Appropriate preoperative imaging and manometry studies 
should be done as detailed above. There is, however, no consensus regarding the 
indications for surgery in patients with mild symptoms or patients who are asymp-
tomatic. In a large review of 112 untreated patients with an epiphrenic diverticulum, 
63% of patients were followed without symptom progression [18].

When dealing with patients who are asymptomatic or have atypical symp-
toms of an epiphrenic diverticulum, it is imperative to assess whether the 
patients have respiratory symptoms suggestive of aspiration prior to classifying 
them as asymptomatic. Symptoms can include night cough, asthma-like symp-
toms, laryngitis, or recent pneumonia. If these exist in conjunction with regur-
gitation, the patient likely had an aspiration event, and surgical management is 
warranted [3].

Controversy exists regarding some of the characteristics of the diverticulum that 
mandate resection. Some researchers have suggested that a diverticulum size 
greater than 5 cm or the presence of a dependent pouch is an indication for surgery 
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[19]. In a study by Fasano et al., all patients with a diverticular width greater than 
5 cm were symptomatic versus only 41% of patients with diverticula less than 5 cm 
in width [4]. Patients with large diverticula who are symptomatic should be offered 
surgery if they are fit for an operation.

 Technique

Minimally invasive surgical techniques that are used in the treatment of epiphrenic 
diverticula include the use of endoscopy, thoracoscopy, or laparoscopy. For the 
scope of this chapter we will only be focusing on the laparoscopic approach to epi-
phrenic diverticula. The standard laparoscopic approach to an epiphrenic diverticu-
lum should be transhiatal diverticulectomy.

A laparoscopic Heller myotomy and partial fundoplication should be performed 
to address an underlying esophageal motility disorder if present and to prevent post-
operative gastroesophageal reflux. The type of fundoplication is less important, as a 
Dor or Toupet fundoplication both work well to prevent postoperative reflux and 
dysphagia [20]. However without a fundoplication procedure, the incidence of post-
operative gastroesophageal reflux after myotomy is quite high. A study of 43 
patients undergoing laparoscopic Heller myotomy and esophageal diverticulectomy 
showed that 47% of patients had postoperative reflux without Dor fundoplication 
versus 9.1% of patients with fundoplication [21]. The length of the myotomy can 
vary, but typically should extend at least 5 cm above and 2–3 cm below the gastro-
esophageal junction.

The advantages of the laparoscopic approach are due to the minimally invasive 
nature of the procedure, as patients are able avoid a thoracotomy and the associated 
pain and increased hospital length of stay. The laparoscopic approach also provides 
an easier method to transect the diverticula along the longitudinal axis of the esoph-
agus using an endostapler and allows for easier cardiomyotomy and 
fundoplication.

 Description of Laparoscopic Approach (Fig. 47.1)

The patient is placed supine in the split-leg position on the operating room table 
with the surgeon between the legs. Alternatively, the patient can be positioned 
supine without the legs split. In either position, the arms can be left out or tucked. 
We prefer the arms tucked to allow easier placement of the bed-mounted liver 
retractor system. For both positions, foot boards should be utilized to decrease 
the risk of patients sliding, as the patient will need to be in steep reverse 
Trendelenburg for most of the case. The first assistant typically stands to the 
patient’s left to assist and help drive the laparoscopic camera. Laparoscopic 
monitors are usually placed at eye level just over the patient’s shoulders 
(Fig. 47.1).

47 A Laparoscopic Approach to Epiphrenic Diverticula



566

Abdominal entry for the pneumoperitoneum can be performed according to 
individual preference. We typically use Veress needle technique at the level of the 
umbilicus or in the left upper quadrant at Palmer’s point. A 10 mm camera port is 
usually placed at about 15 cm from the xiphoid just 1–2 cm to the patient’s left of 
midline (Fig. 47.2). The surgeon’s right-hand port is a 10 mm port that is placed 
about 12  cm from the xiphoid about 2–4  cm below the left costal margin. The 
assistant’s port is a 5 mm port placed about 7–10 cm lateral from the surgeon’s port 
in the patient’s left upper quadrant. The surgeon’s left hand port is a 5 mm port 
placed in the right upper quadrant just 7–10 cm from the xiphoid process. If the 
patient has a pendulous falciform ligament, this port can be placed through it to 
prevent obstruction by the falciform ligament during instrument exchanges. The 
placement of the port for the liver retractor is dependent on the type of liver retrac-
tor used. We typically use the Nathanson liver retractor, which is placed just below 
the xiphoid process. This is held in place with a laparoscopic iron intern that is 
mounted to the operating table. For other liver retraction systems, such as the fan 
or flexible tip liver retractors, the port would be placed in the mid or lower right 
quadrant of the abdomen.

Monitor 2

First 
Assistant

Second 
Assistant

Surgeon

IV Pole IV Pole

Drape

Monitor 3Monitor 1

Fig. 47.1 Patient positioning [1, 20, 22]
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 Operative Details and Dissection

With the left lateral segment of the liver retracted and the patient in reverse 
Trendelenburg, the pars flaccida is incised and divided. Our preference is to use a 
vessel sealer device such as the laparoscopic Maryland (Medtronic, Minneapolis, 
Minn.), but other vessel sealing systems can be used instead. The pars flaccida is 
divided toward the right crus; if replaced or accessory left hepatic vessels are 
encountered, they are usually preserved, as it is difficult in this setting to determine 
if they are accessory or replaced. Additionally, preservation usually does not inter-
fere with esophageal dissection or fundoplication. The hepatic branch of the vagus 
nerve can also be preserved, as it theoretically improves gallbladder function, but 
most clinical studies have not demonstrated symptomatic effect [23]. At the level of 
the right crus, the peritoneal attachments to the esophagus are circumferentially dis-
sected free. During the anterior crural dissection, care should be taken to avoid 
injury to the anterior vagus nerve.

The short gastric vessels are divided starting at the inferior pole of the spleen. 
Again, a vessel sealer device can be employed and can efficiently perform this task. 

12 cm

Umbilicus

1 cm

15 cm7 cm

10 mm camera port

10 mm port

5 mm port

Nathanson retractor

7 cm

Fig. 47.2 Port placement [1, 20, 22]
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The vessels are usually divided 1–2 cm from the greater curvature of the stomach. 
The vessels are divided up to the level of the crura and the posterior attachments of 
the stomach to the posterior crura are also divided. As the vessels are divided near 
the superior pole of the spleen, the exposure can be improved by having the assistant 
retract the posterior stomach medially while the surgeon retracts the greater curva-
ture medially as well. Once this is complete, a retroesophageal window can be cre-
ated and a Penrose drain can be used to encircle the esophagus and used by the 
assistant to retract the esophagus during mediastinal dissection.

Mediastinal attachments of the esophagus are then thinned and divided circum-
ferentially. The diverticulum should come into view during this dissection. 
Mediastinal attachments to the diverticulum are then freed. Once the diverticulum 
is freed of its mediastinal adhesions, the diverticulum is dissected down to its neck, 
at the level of the esophageal longitudinal muscle.

Once dissection of the entire diverticular neck is complete, the diverticulum can 
be resected using an Endo GIA stapler (Medtronic, Minneapolis, Minn.). It has been 
reported that this mucosal staple line may be associated with higher leaks rates if 
left uncovered and used as the starting point of the subsequent myotomy [12]. Due 
to these reports, we prefer to reinforce this staple line by suturing the esophageal 
muscle to cover it. An esophageal myotomy is performed, starting at the level of the 
diverticulum and extending 2 cm onto the stomach. This myotomy is done on the 
side of the esophagus opposite to the diverticulectomy. An endoscope is then used 
to assess the adequacy of the myotomy and check for any mucosal perforations. To 
control gastroesophageal reflux, a partial fundoplication, typically a Dor fundopli-
cation, is then fashioned.

On rare occasions, it may not be technically feasible to completely dissect the 
diverticulum free in order to resect it. As mentioned earlier, the symptoms from the 
diverticulum can’t be distinguished from the underlying motility disorder. Recently 
published data have brought into question whether resection of the diverticulum is 
necessary. Allaix et al. compared the dysphagia symptom scores of seven patients 
whose epiphrenic diverticula were technically not resectable to the scores of six 
patients who underwent an epiphrenic diverticulectomy. Both groups had a Heller 
myotomy and partial fundoplication. The scores indicated a similar resolution of 
symptoms [24]. However, this was a small study and no other group has reported 
similar findings. Based on the current literature, the consensus is to perform a diver-
ticulectomy when possible.

 Postoperative Management

Patients are kept nil per os (NPO) immediately after surgery with intravenous fluids. 
Pain control is achieved with intravenous pain medications until they are able to 
tolerate oral medications. Patients are encouraged to ambulate within 24  h after 
surgery and appropriate DVT chemoprophylaxis is started at 12  h after surgery. 
Sequential compression devices are placed intraoperatively and are continued in the 
postoperative period. An esophagram is obtained on postoperative day 3. Patients 
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can be started on a liquid diet if their esophagram is normal, and they are advanced 
as tolerated to a full liquid diet. We have found it helpful for the patients to have a 
consult with a nutritionist during their hospital stay to review postoperative diet 
restrictions. They are discharged home when they can tolerate a full liquid diet and 
have adequate pain control on oral pain medication. The diet is advanced to soft 
foods after 1 week and back to regular food by 3 weeks after surgery. We prefer to 
use liquid pain medication, as it can be easier for a patient to take in the early post-
operative period. The patient is seen within 2 weeks of surgery for a postoperative 
follow-up. A repeat esophagram is not ordered unless the patient has complaints of 
dysphagia, nausea, emesis, or other worrisome symptoms.

 Postoperative Complications

The most feared complication after laparoscopic transhiatal diverticulectomy is 
leakage from the staple line after transection of the diverticulum. Resultant compli-
cations include pneumonia, empyema, abscess formation, and potentially even sep-
sis if the leak is uncontrolled. Other complications include nausea, emesis, 
dysphagia, recurrence of preoperative symptoms, and port site hernia. For laparo-
scopic transhiatal diverticulectomy, myotomy, and partial fundoplication, the pub-
lished leak rates from the largest published studies range from 9% to 23%. However, 
in the study with the highest leak rate, a Nissen fundoplication was performed in all 
patients, which may cause a partial distal obstruction that likely contributed to a 
higher than expected leak rate. The overall morbidity rate ranges from 0% to 50%, 
and the mortality rate after laparoscopic epiphrenic diverticulum repair is estimated 
to be 0% to 10%, which is similar to the reported rate of 0–11% through an open 
thoracotomy [18, 22, 25].

 Postoperative Outcomes

Postoperative symptom relief can be graded using a Likert scale or a patient ques-
tionnaire. With the use of a Likert scale, patient symptom relief is stratified as excel-
lent (complete resolution of symptoms), good (symptoms approximately once per 
month), fair (symptoms less than once per week), or poor (symptoms not better or 
worse than in the preoperative period). In a review of six recent studies, postopera-
tive outcomes were graded as good in 85–100% of patients [11].
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48Evaluation of Benign Submucosal 
Tumors
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 Introduction

Gastrointestinal submucosal tumors (SMTs) consist of a broad range of lesions 
which arise from the wall of the gastrointestinal tract. While commonly referred to 
as “submucosal” tumors, they are perhaps more accurately described as “subepithe-
lial,” as they may arise from layers of the foregut wall other than the histologic 
submucosa. They are generally found after the fifth decade of life, with an estimated 
prevalence of 0.3% [16] and equal incidence in men and women. SMTs can be gen-
erally categorized as neoplastic or nonneoplastic tumors, with the latter subdivided 
into epithelial and non-epithelial tumors. This chapter will focus on the evaluation 
of benign SMTs, potentially malignant SMTs, and nonneoplastic mimickers, pay-
ing specific attention to the tumors most likely to affect the esophagus and stomach. 
A more detailed discussion on the management and interventional therapies will be 
discussed in subsequent chapters.

As SMTs retain intact overlying mucosa, the majority are not associated with 
symptoms and are found incidentally during endoscopic or radiographic examina-
tions. When symptomatic, these tumors most commonly present with non-specific 
abdominal discomfort, gastrointestinal bleeding, or rarely, signs of obstruction. 
Endoscopic evaluation of these lesions generally results in the finding of a mass or 
bulge covered in normal-appearing epithelium. While the size, shape, texture, and 
color of the lesions may aid in narrowing down the differential, endoscopy alone is 
usually insufficient to reach a diagnosis and is generally unable to distinguish 
between a foregut wall process and extrinsic compression.

Although studies have suggested that MRI has similar diagnostic yield and  
mitigated radiation exposure [53], contrast-enhanced CT is the preferred imaging 
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modality to evaluate foregut masses. MRI, however, may be more diagnostically 
appropriate for SMTs at specific sites, including near the liver. Radiographic imag-
ing is primarily useful in examining extrinsic tumors or determining metastatic 
spread, but is unable to distinguish between the layers of the gastrointestinal wall. 
Therefore, they have limited diagnostic value in evaluation of SMTs. Positron emis-
sion tomography (PET) measuring flurodeoxyglucose is useful for the detection of 
certain SMTs, with high sensitivities, but has not been adequately shown to be supe-
rior to CT imaging for diagnosis [13]. Endoscopic ultrasound (EUS) evaluation may 
provide further information about the layer of the wall where the lesions originate 
(see Table 48.1 and Fig. 48.1), as well as determine size, border irregularities, and 
echogenic homogeneity [61].

However, in many cases, EUS alone may not be able to differentiate between 
benign and malignant neoplastic lesions, necessitating the eventual need for histo-
pathological examination. This is especially true in hypoechoic masses in the third 
or fourth echo layer [22], for which the differential diagnosis consists of both benign 
and malignant masses. There are a number of possible approaches for endoscopic 
biopsy. Standard forceps biopsy is primarily designed to sample mucosal tissue and 
is generally unable to reach sufficient depth for submucosal evaluation. However, 

Table 48.1 Histologic equivalents to layers of the gastrointestinal wall identified by endoscopic 
ultrasound

EUS layer Histologic equivalent Associated SMT
1 Superficial mucosa
2 Deep mucosa (muscularis 

mucosa)
Carcinoid, granular cell, fibroid polyps

3 Submucosa and interface 
between the submucosa and 
muscularis propria

Lipoma, lymphangioma, granular cell, 
duplication cyst, pancreatic rest, varix, fibroid 
polyps, Brunner gland hamartoma

4 Muscularis propria GIST, leiomyoma, schwannoma, glomus, 
pancreatic rest, fibroid polyps

5 Serosa and subserosal fat

Fig. 48.1 Layers of the 
gastrointestinal wall 
identified by endoscopic 
ultrasound (linear array 
echoendoscope)
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“stacked” or “tunneled” biopsies, in which multiple biopsy specimens are taken 
from the same site, may provide sufficient depth of tissue. However, while safe, the 
diagnostic yield of this test appears limited. Endoscopic mucosal resection improves 
this yield but comes with the risks of bleeding and perforation [21]. Newer sampling 
techniques, such as EUS-guided single-incision needle-knife (SINK) biopsies [6], 
which involved a submucosal incision followed by stacked biopsies, appear to 
improve the yield while limiting these adverse effects, although more study is 
warranted.

EUS-guided fine needle aspiration (FNA) consists of using a high-gauge needle 
(typically 22-gauge or 25-gauge) to aspirate cells from target lesions for cytology. 
While cytology is useful for distinguishing between benign and malignant lesions, 
it is generally difficult to differentiate between benign masses unless augmented 
with immunohistochemical analysis. Newer EUS-guided core biopsy needles seem 
to provide improved diagnostic yield by acquiring samples with intact tissue archi-
tecture for better histological analysis.

 Benign Submucosal Tumors

Submucosal masses can be divided into epithelial and non-epithelial lesions. 
Epithelial tumors primarily include a host of malignant neoplasms, including gas-
tric carcinomas, melanomas, and metastatic carcinomas. Non-epithelial tumors 
consist of primarily of mesenchymal tumors. These tumors are the most common 
non-epithelial benign neoplasm involving the gastrointestinal tract and constitute 
1% of primary gastrointestinal cancers. Mesenchymal tumors include a wide  
array of benign neoplasms, including leiomyomas, lipomas, schwannomas, and 
lymphangiomas.

 Leiomyomas

Leiomyomas are firm, well-circumscribed lesions that arise either superficially 
from the muscularis mucosae or from the deeper muscularis propria. Superficial 
leiomyomas are often found incidentally in the sigmoid colon and rectum. Deep 
leiomyomas are the most common mesenchymal tumor of the esophagus, and while 
they may occasionally be found in the stomach (see Fig. 48.2) near the gastroesoph-
ageal junction, they are rare elsewhere in the GI tract. Although superficial leiomyo-
mas are incidentally discovered more often, it has been suggested that the overall 
incidence of deep leiomyomas may be higher than previously believed [1].

Clinically, the most common symptoms of leiomyomas are gastrointestinal 
bleeding and gastric discomfort, although a majority of these tumors are asymptom-
atic [4]. CT imaging demonstrates a smoothly contoured, homogeneous mass with 
slight enhancement and low attenuation. Endoscopic evaluation reveals a protruding 
mass with normal mucosa. Endoscopic ultrasound is perhaps the most accurate 
method for the noninvasive diagnosis of leiomyomas, demonstrating a mass that 
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arises from the fourth hypoechoic layer or rarely the second hypoechoic area. 
Malignant leiomyosarcomas should be considered if the lesion contains cystic 
spaces, has associated enlarged lymph nodes, or disrupts tissue planes.

Histologically, leiomyomas are paucicellular with fascicles of spindle cells with-
out nuclear atypia or frequent mitoses. Leiomyomas are also more likely to grow 
intraluminally [5], in contrast to other SMTs, such as gastrointestinal stromal tumors 
(GISTs). The cellular nuclei of leiomyomas are centrally located but may be dis-
placed by vacuole, and unlike liposarcomas and carcinomas, these vacuoles do not 
contain fat mucosubstances. Immunohistochemically, leiomyomas show strong 
positive immunoreactivity for desmin and smooth muscle actin and negative reac-
tivity for c-kit and CD-34.

Surgical removal is considered for tumors larger than 2 cm or for any discernable 
symptoms. The appropriate management for smaller, asymptomatic tumors is more 
controversial. Histologically, leiomyomas and leiomyosarcomas are similar in 
appearance, leading some to recommend endoscopic resection of all such lesions. 
Alternatively, conservative management with serial EUS evaluations may be 
pursued.

 Lipoma

Lipomas are well-circumscribed, homogeneous nodules consisting of mature adi-
pose tissue. They are predominantly located in the stomach and right colon [35]. 
These tumors are easily identified due to their characteristic appearance of a smooth, 
yellow lesion with a positive “pillow sign,” in which an indentation is elicited with 
forceps during colonoscopy. They also demonstrate the “tenting sign,” where the 
mucosa can be easily pulled away from the underlying submucosal tumor. EUS of 
these tumors show a hyperechoic, homogeneous lesion arising from the third echoic 

Fig. 48.2 Large ulcerated 
gastric subepithelial mass
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layer. While the finding of a uniformly hyperechoic submucosal mass is essentially 
diagnostic for a lipoma, biopsies may be taken to confirm the diagnosis. A single 
biopsy will generally reach only the surface mucosa, while tunneled biopsies will 
likely result in the extrusion of underlying adipose tissue, dubbed the “naked fat 
sign” [36].

The majority of lipomas are asymptomatic, and in general, they can be fol-
lowed without endoscopic surveillance. Excision is warranted only when there is 
difficulty distinguishing between lipoma and malignant neoplasms. However, 
lesions over 2 cm may cause abdominal pain, bowel changes, and rectal bleeding. 
Rarely, lipomas may ulcerate, leading to hemorrhage, obstruction, or intussus-
ception, necessitating surgical intervention and removal. Concern for these com-
plications may lead to elective removal of larger lipomas. While endoscopic, 
rather than surgical, removal may be considered in these patients, endoscopic 
intervention is best reserved for patients with pedunculated or superficial lesions. 
This is due to difficulty cauterizing adipose tissue and resultant risk of perfora-
tion. Notably, ligation with detachable nylon snares (Endoloop, Ethicon LLC) 
alone, or prior to endoscopic resection, may decrease this perforation risk – how-
ever, utilization of this technique will forgo the ability to procure a specimen for 
pathology [46, 51].

 Schwannomas

Schwannomas are well-circumscribed, spherical and occasionally multinodular 
neuroendocrine tumors originating from the muscularis propria. They are relatively 
rare, account for less than 3% of mesenchymal gastrointestinal tumors, and are pre-
dominantly found in the stomach [20]. While benign, these tumors can grow to up 
to 10 cm in diameter. CT imaging demonstrates a homogeneous lesion with delayed 
enhancement, resulting in frequent misdiagnoses as GISTs [15]. Endoscopy reveals 
a submucosal mass with or without central ulceration. EUS demonstrates an ovoid, 
heterogeneously hypoechoic lesion arising from the fourth echogenic layer [64]. 
Microscopically, schwannomas consist of spindle cells with nuclear palisading and 
a nodular lymphatic cuff. While grossly schwannomas resemble GISTs, they can be 
distinguished by their positive immunoreactivity for S-100 and negative reactivity 
for desmin, actin, and c-kit.

 Gastrointestinal Lymphangiomas

Lymphangiomas are benign vascular tumors that rarely affect the gastrointestinal 
tract, occurring in 1 per 50,000 people. They may be present anywhere in the gas-
trointestinal tract, although they are most frequently found in the stomach and small 
bowel. Like many benign submucosal tumors, they are often found incidentally. 
Occasionally, they can become symptomatic and usually present with vague abdom-
inal discomfort, although some may become large enough to cause obstruction or 
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intussusception. Endoscopy generally reveals a round, yellow-to-white nodular 
mass with or without a stalk. On EUS, lymphangiomas demonstrate an anechoic 
and septated structure, arising from the third echoic layer [23]. Histologically, these 
tumors demonstrate dilated lymphatics lined with endothelial cells with lympho-
cytic infiltrate and eosinophilic lymph [25]. As a rare tumor, there is no consensus 
on management, although if symptomatic, surgical or endoscopic resection is often 
pursued.

 Potentially Malignant Submucosal Tumors

There are a number of SMTs that are potentially malignant neoplasms. They include 
GISTs, carcinoid tumors, granular cell tumors, and glomus tumors.

 Gastrointestinal Stromal Tumors

Historically, GISTs were known as gastrointestinal smooth muscle tumors and fur-
ther subclassified as leiomyoma if benign, leiomyosarcoma if malignant, and leio-
myoblastoma if epithelioid. However, with the use of electron microscopy and 
immunohistochemical staining, these tumors were found to lack smooth muscle 
structure, distinguishing them from leiomyomas. Furthermore, while some had evi-
dence of autonomic neural differentiation, these tumors also lacked microscopic 
features of Schwann cells. These discoveries, coupled with the discovery of the 
near-universal gain-of-function c-kit (CD177) mutation, have led to the modern 
conception of a GIST [37].

GISTs have an annual incidence of 14 million [47], with 4000–6000 new cases 
diagnosed every year in the USA alone. While the incidence of malignant GISTs is 
reportedly much lower (0.68 per 100,000 [56]), it is worth noting that much of this 
epidemiologic data is difficult to interpret in a modern context, as the definition of a 
“malignant GIST” was determined before GISTs had been molecularly character-
ized. While previously it was thought that smaller GISTs did not have malignant 
potential, there has been a recent shift in the understanding of the natural history of 
malignant GISTs, with current consensus that all GISTs, regardless of size, may 
have malignant transformation.

GISTs are the most common type of mesenchymal tumor of nearly every seg-
ment of the gastrointestinal tract, with the exception of the esophagus, colon, and 
rectum. Over 50% occur in the stomach, with another 30% detected in the jejunum 
or ileum. These tumors generally affect adults in the sixth or seventh decade of life 
with a slight male predominance. They are rare in children [37] although they are 
associated with certain pediatric syndromes, including Carney-Stratakis syndrome 
[49]. In adults, they are more common in patients with NF1 mutations or heritable 
mutations in the c-kit gene. Clinically, the most common symptoms are gastrointes-
tinal bleeding and gastric discomfort. However, nearly one third are incidentally 
detected with radiographic imaging or endoscopy.
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CT imaging findings vary depending on the size and aggressiveness of the tumor. 
Small benign tumors generally appear as well-defined, homogeneous masses with 
varying degrees of enhancement. Large size, heterogenous enhancement, regional 
lymphadenopathy, the presence of necrosis, or mucosal ulceration raises concern 
for malignancy. Endoscopic evaluation typically demonstrates a submucosal mass 
with normal overlaying mucosa, protruding into the lumen of the gastrointestinal 
tract (see Figs. 48.3 and 48.4). EUS depicts a hypoechoic, homogeneous lesion with 
well-defined margins. Irregular extraluminal borders, heterogeneity, cystic spaces, 
and echogenic foci should raise concern for malignancy. As a solid and often fibrotic 
mass, aspiration of sufficient cells for a histopathological diagnosis can prove dif-
ficult, resulting in a nondiagnostic sample in over 15% of cases [19]. The accuracy 
of EUS-FNA in diagnosis ranges from 76% to 90% [7, 31], although accuracy may 
increase with unroofing the overlaying mucosae prior to biopsy [28] or using EUS- 
guided Trucut biopsy [7].

Fig. 48.3 EUS image of 
6 cm exophytic gastric 
subepithelial mass

Fig. 48.4 EUS-guided 
fine-needle biopsy (arrows) 
of exophytic gastric mass. 
Pathology confirmed 
gastrointestinal stromal 
tumor (GIST)
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Histologically, a majority of GISTs consist of spindle cells, although a minority 
may be epithelioid or mixed. C-kit-negative GISTs are more often epithelioid in 
nature16. In general, microscopy of GISTs tends to show hypercellularity with uni-
form nuclei and juxtanuclear cytoplasmic vacuoles, with cells arranged in whorls. 
Gastric GISTs also contain a sclerosing matrix, perinuclear vacuolization and 
nuclear palisading, and mitotically active morphology. Small intestinal GISTs are 
characterized by extracellular collagen globules, verocay bodies of neuropil-like 
material [37], and brightly eosinophilic stromal skeinoid fibers, which are com-
posed of nodular tangles of collagen fibers [41]. Definitive diagnosis, however, is 
dependent on immunohistologic analysis.

Over 95% of GISTs are immunohistochemically positive for c-kit, and virtually 
all GISTs will be positive for either c-kit or anoctamin-1 (also referred to as DOG1 
or ORAOV2) [40]. Furthermore, 60–70% of GISTs are positive for CD34, 30–40% 
are positive for smooth muscle actin, and a small minority may be positive for 
S-100 [52]. A vast majority of GISTs contain a gain-of-function mutation either 
c-kit, which codes for a tyrosine kinase receptor, or the platelet-derived growth 
factor receptor (PDGFRA) gene. In both cases, the resulting receptor is constitu-
tively active, which alters cell proliferation leading to tumor growth. There appears 
to be no difference in downstream activation of signaling intermediates and cyto-
genetic changes in c-kit-driven tumors versus PDGFRA-driven tumors [17]. 
However, it is worth nothing that the mutation in c-kit or PDGFRA alone is likely 
not sufficient to cause tumor growth, and other genetic changes likely need to take 
place as well [10]. There are a number of different exons in the c-kit gene that 
maybe be affected, including exon 9, 11, 13, and 17. Understanding which exon is 
affected has therapeutic implications, as tumors with exon 11 mutations have been 
shown to respond better to imatinib therapy than other types of GISTs. It is unclear 
at this time whether immunohistochemical analysis informs prognosis. However, 
there is some data to suggest that certain mutations may be associated with aggres-
sive phenotypes [30]. A minority of GISTs does not have a detectable c-kit or 
PDGFRA mutations. These wild-type GISTs include the GISTs of NF1 and 
Carney-Stratakis mutations and may be related to the succinate dehydrogenase 
gene mutations [24].

While esophageal GISTs are rare (<1%), the majority of these GISTs are malig-
nant [39] and are generally more difficult to manage due to the inadequate confine-
ment of the tumor by the serosal layer and the challenge of segmental resections. 
Because of this, esophagectomy is often necessary for larger or malignant lesions. 
GISTs appearing in the stomach appear to have the best prognosis [38]. Small intes-
tinal GISTs, compared to esophageal or gastric GISTs, are more likely to present 
with ulceration and bleeding. As these tumors enlarge extraluminally, small bowel 
obstruction due to intestinal GISTs is rare and signifies particularly large tumors. 
While current guidelines suggest surgical removal of GISTs over 2 cm in size with 
potential adjuvant imatinib therapy, there is a notable lack of consensus on smaller 
lesions. Endoscopic removal is possible, but controversial, given risks of positive 
margins and perforation.
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 Carcinoid

Carcinoid tumors are smooth, round, nodules originating most frequently from the 
enterochromaffin-like cells. A neuroendocrine tumor, carcinoid can produce a vari-
ety of biologically active substances and may arise from as many as 14 different cell 
types. With metastatic spread, patients may develop carcinoid syndrome, which is 
characterized by flushing, abdominal pain, diarrhea, bronchoconstriction, and heart 
disease [43]. In general, carcinoid tumors are slow growing, and prognosis is better 
than gastrointestinal carcinomas, with high survival rates even 20 years after diag-
nosis [43]. However, carcinoid tumor incidence is growing [54], and the tumor is 
usually diagnosed late, as symptoms usually begin only after metastatic spread.

Gastrointestinal carcinoid is the most frequent type of carcinoid tumor, account-
ing for 70% of these tumors [45]. Interestingly, the location of carcinoid tumors in 
the gastrointestinal tract appears to vary based on geography, with more proximal 
tumors (stomach, duodenum, and rectum) presenting in Japan and more distal 
tumors (ileum, appendix, rectum) in the USA [14].

Among carcinoid tumors, gastric carcinoids are unique in that they have been divided 
into three distinct types, based on tumor characteristics, histology, association with 
hypergastrinemia, and biological behavior. Type 1 is the most common, comprising 
70–80% of gastric carcinoid tumors [60]. They present as multiple, small, nodular 
lesions with or without a central ulceration. These tumors are thought to be developed 
by enterochromaffin-like cells exposed to high gastrin levels seen in anhydric states, 
such as atrophic gastritis. Type 1 gastric carcinoid tumors generally have a benign course 
with slow growth and rare metastasis. Notably, these tumors do not cause carcinoid 
syndrome. Type 2 gastric carcinoid tumors are associated with gastrinomas and account 
for 5% of gastric carcinoid tumors. Similar to type 1 carcinoids, these tumors present as 
multiple, small lesions and are associated with high gastrin levels. Unlike type 1 gastric 
carcinoids, these tumors are seen in high gastrin, high-acid states and occur almost 
exclusively in patients with MEN type 1 [60]. Type 3 gastric carcinoids account for 20% 
of gastric carcinoids and are not associated with MEN type 1, gastrinomas, or atrophic 
gastritis. They present as larger (over 1 cm) solitary lesions, and unlike the other gastric 
carcinoids, these are thought to develop without hyperplasia or dysplasia of the entero-
chromaffin-like cells [44]. While type 1 and type 2 tumors generally produce serotonin, 
these tumors produce 5-hydroxy-tryptophan and are associated with aggressive growth 
and frequent metastases. They also have a worse prognosis, with a 5-year survival under 
35% [44].

On endoscopic evaluation, carcinoids are sessile or polypoid lesions with rare 
ulcerations. EUS of carcinoid tumors typically shows homogeneous hypoecho-
genicity or isoechogenicity, with the mass arising from the second echoic layer (see 
Fig. 48.5), with possible invasion into the third echoic layer. Histologically, these 
tumors consist of polygonal cells with central, round nuclei and a granular, eosino-
philic cytoplasm. The cells are typically arranged in ribbon or trabecular patterns 
forming rosettes [34]. Management varies depending on subtype. Endoscopic resec-
tion is the treatment of choice for type 2 gastric carcinoids under 1 cm in size, with 
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surgical resection preferred in patients with larger lesions. Endoscopic resection is 
also preferred in type 1 gastric carcinoids with <1 cm lesions with subsequent, peri-
odic endoscopic surveillance to exclude the formation of new lesions. Larger or 
multiple (>5) lesions warrant partial gastrectomy or, for patients ineligible for sur-
gery, anti-gastrin therapies. Type 3 gastric carcinoids, if caught before metastases, 
may be treated with partial or total gastrectomy with lymph node resections.

 Granular Cell Tumors

Granular cell tumors are firm, nodular neuroendocrine tumors which originate from 
the deep mucosa or submucosa. They account for 0.5% of soft tissue tumors [2] and 
can occur at virtually any location but are most common in the skin and/or gastro-
intestinal tract. In the gastrointestinal tract, they are most commonly found in the 
esophagus. On endoscopic evaluation, these tumors are generally firm, smooth, 
solitary, yellowish masses with hemispherical protrusion with a thin mucous mem-
brane, which is sometimes referred to as a “molar tooth” or “sweet corn” appear-
ance [2]. They are typically found in patients between the ages of 10 and 50 years 
old and are more common in women. On EUS, these tumors are hypoechoic, homo-
geneous masses with smooth margins and originate from the second or third echoic 
layer.

Histologically, they are characterized by plump oval or polygonal cells with a 
small nucleus and a PAS-positive, granular cytoplasm. Their cytology is character-
ized by positive immunoreactivity for S100 protein and neuron-specific enolase, 
and without desmin, actin, CD34, or c-kit markers, consistent with their Schwann 
cell origin. Close to 98% of granular cell tumors are benign, but malignancy should 
be suspected in tumors greater than 3 cm in size. A histopathologic classification 
system to identify malignant granular cell tumors has been developed, evaluating 
the masses for the necrosis, spindle cells, vacuolar nucleus with an enlarged nuclear 

Fig. 48.5 Radial EUS 
view of duodenal carcinoid 
arising from the muscularis 
mucosa (second layer), 
denoted by arrows
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body, nuclear division (2 mitoses/10HPF), an increase in the nucleoplasmic ratio, 
and polymorphisms to further delineate benign, atypical, or malignant lesions [9]. 
Management consists of local endoscopic excision or periodic surveillance with 
EUS.

 Glomus Tumors

Glomus tumors are the most common vascular tumor of the stomach. They appear 
as well-defined gastric SMTs with red-blue nodules [57] and originate from the 
temperature-regulating glomus bodies. The majority of patients are asymptomatic, 
although larger lesions are associated with ulceration, GERD-like symptoms, and 
bleeding [50]. Mostly benign, these tumors are generally found in the gastric antrum 
and distal colon and consist of small, uniform, rounded glomus cells that are located 
in the walls of dilated vascular spaces. On CT imaging, these tumors show early 
enhancement and may show some degree of calcification [50]. Endoscopic biopsies 
many not provide much diagnostic yield, often necessitating surgical or endoscopic 
resection. EUS demonstrates a heterogeneous hyperechoic [3] or hypoechoic [42] 
solid mass arising from the fourth echoic layer. Histologically, the tumor cells have 
small, uniform nuclei, show positive immunoreactivity for smooth muscle actin, 
and are outlined by PAS-positive basement membranes. The tumor is often sur-
rounded by hyperplastic smooth muscle cells. Immunohistochemically, these 
tumors are positive for smooth muscle actin, vimentin, and desmin and negative for 
CD34 and c-kit [58]. While generally regarded as benign, these tumors may carry 
malignant potential [11].

 Nonneoplastic Lesions

There are a number of nonneoplastic lesions that may appear to be a submucosal 
tumor on endoscopic and gross evaluation including duplication cysts, pancreatic 
rests, varices, and inflammatory fibroid polyps.

 Duplication Cysts

Duplication cysts are rare, congenital, malformations theorized to arise from abnor-
mal budding in embryonic development. They can be subcategorized as foregut, 
small bowel, or large bowel cysts and commonly occur in the esophagus, ileum, and 
colon. They are typically discovered incidentally on imaging but may present with 
abdominal pain or bleeding. Notably, they may be intrinsic or extrinsic to the gas-
trointestinal wall and thus may be undetectable on endoscopy. Others, however, 
may appear as a bulge or diverticulum.

EUS is the diagnostic modality of choice, as it can distinguish between solid and 
cystic pathology. EUS of these lesions demonstrates hypo- or anechoic, 
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homogeneous lesions with regular margins (see Fig. 48.6). Lesions intrinsic to the 
gastrointestinal wall typically arise from the third echogenic layer. The cyst walls 
typically have three to five distinct layers and may have peristaltic ring contractions, 
which, if seen on juxta-enteric cysts, are specific for duplication cysts [29]. FNA 
may be pursed with caution as there is a notable risk of infection [62]. Histologically, 
these cysts are lined with stratified, ciliated, or columnar epithelium. Cyst contents 
may include mucus, septations, and cellular debris. Detached ciliary tufts may also 
be present and are diagnostic of a duplication cyst [8]. Surgical resection is the pre-
ferred treatment in symptomatic patients, but endoscopic management with FNA or 
cystostomy has been reported [29].

 Pancreatic Rests

Pancreatic rests, also known as aberrant pancreas or heterotopic pancreas, consist of 
ectopic pancreatic tissue. They are typically found in the distal stomach, duodenum, 
or jejunum and are usually discovered incidentally. On imaging, these masses have 

Fig. 48.6 Gastric prepyloric submucosal lesion causing outlet obstruction. Radial EUS images 
demonstrate a 14 mm × 12 mm duplication cyst arising from the third layer (submucosa) which 
was subsequently endoscopically unroofed. Three-month follow-up images demonstrate resolu-
tion which coincided with symptom resolution
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an ovoid shape, an ill-defined border, and an endoluminal growth pattern [26]. 
Endoscopy classically reveals a submucosal nodule with a central umbilication, due 
to the presence of a draining duct. EUS shows a hypoechoic heterogenous mass 
arising from the third or fourth echoic layer with anechoic structures corresponding 
to ducts. Microscopically, pancreatic rests generally display all the characteristic of 
normal pancreatic tissue, containing pancreatic acini, ducts, and islets. Diagnosis is 
made histologically, and asymptomatic lesions can be followed with endoscopic 
surveillance. If resection is warranted (rarely), endoscopic snaring, band ligation, or 
polypectomy may be utilized. Surgical resection should be considered if the muscu-
laris propria is involved.

 Varices

Gastric varices may have the appearance of submucosal lesions on endoscopy. Seen 
predominately in patients with end-stage liver disease or patients with vessel occlu-
sions, endoscopic examination of these patients may show other signs of portal 
hypertension, such as portal gastropathy. Varices themselves have a soft consistency 
with a blue hue. Endoscopic ultrasound will demonstrate a round or tubular 
hypoechoic or anechoic structure arising from the third layer with dopplerable flow.

 Inflammatory Fibroid Polyps

Gastric inflammatory fibroid polyps, occasionally referred to as eosinophilic granu-
lomas, are benign lesions of the stomach, which appear as firm, solitary, sessile, or 
pedunculated and often ulcerated masses on endoscopy. EUS demonstrates 
hypoechoic, homogeneous masses with indistinct borders and may rise from the 
second, third, or fourth echogenic layer. Histologically, they consist of unencapsu-
lated fibrous tissue with eosinophilic infiltrate with multiple penetrating blood ves-
sels. A predominance of these vessels may lead to a slightly hyperechoic appearance 
on EUS.  These masses arise from the deep mucosal or submucosal layer with 
involvement of the muscularis propria [32]. Immunohistochemical staining sug-
gests a dendritic cell origin [48]. Furthermore, studies have found that these polyps 
carry gain-of-function mutations in PDGFR, similar to c-kit-negative GISTs, sug-
gestive of a neoplastic process [55]. Extremely rare, most of the reported cases in 
the literature describe endoscopic or surgical resection for management.

 Brunner Gland Hamartoma

Brunner glands are acinotubular glands in the submucosa of the duodenum, located 
mainly in the duodenal bulb. They secrete an alkaline fluid which coats the duode-
num, protecting it from the acid chyme of the stomach. The pathogenesis of a 
Brunner gland hamartoma is unknown, with some suggesting that hyperchlorhydria 
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may stimulate these structures to undergo hyperplasia [63], whereas others have 
noted a link to Helicobacter pylori infection [27]. Symptoms include bleeding, 
obstruction, and rarely, if blocking the ampulla, pancreatitis and biliary obstruction 
[33]. Endoscopy reveals a broad-based, sessile, or pedunculated submucosal mass 
[18]. Biopsies are often negative or reveal gland hyperplasia. EUS demonstrates a 
solid to cystic mass arising from the third echoic layer [18]. Although Brunner 
gland hamartomas are not considered premalignant, there have been reports of cel-
lular atypia within the lesion [12] and subsequent development of adenocarcinoma 
[59]. Therefore, management with endoscopic or surgical resection is appropriate.

 Conclusion

Benign foregut SMTs are potentially premalignant lesions of the gastrointestinal 
tract and can be subdivided into benign neoplasms, potentially malignant SMTs, 
and nonneoplastic lesions. The evaluation of these lesions generally begins with 
a CT scan, although perhaps the most sensitive imaging modality is EUS evalu-
ation, which can provide details on size, border irregularities, echogenic homo-
geneity, and the layer of origin. However, definite diagnosis, and therefore 
appropriate management, often still requires immunohistochemical analysis of 
tissue, which would require surgical or endoscopic biopsy.
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 Introduction

Benign submucosal tumors of the esophagus represent rare conditions with an  
incidence of less than 1% of all esophageal neoplasms [1]. Esophageal leiomyomas 
are the most common benign tumors of the esophagus, representing 70–80% of all 
benign tumors, with lesions such as hemangiomas, granular cell tumors, and lipo-
mas occurring less frequently [2–4]. Traditionally, the standard surgical approach to 
resection of benign esophageal tumors has been enucleation via an open thoracot-
omy, often approached from the right side due to the ability to access the entire 
intrathoracic esophagus [2]. The use of minimally invasive approaches including 
the video-assisted thoracoscopic surgery (VATS) and the robotic-assisted thoraco-
scopic surgery (RobATS) has increased in the past decade and has become a feasi-
ble alternative to thoracotomy. Advantages to these minimally invasive approaches 
are operative outcomes equivalent to the open approach, reduced morbidity, 
decreased postoperative pain, and shorter lengths of hospital stays [5, 6].

 Indications

Benign tumors of the esophagus are generally asymptomatic and are often discov-
ered incidentally on chest imaging. Less than half of patients present with symp-
toms [3, 7, 8]. When present, the most common symptoms are epigastric discomfort, 
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atypical chest pain, and dysphagia and less frequently regurgitation and gastrointes-
tinal bleed [3, 9].

The management of small, asymptomatic submucosal tumors remains controver-
sial. Some surgeons have recommended resection of all tumors regardless of size, 
while others have advocated for observation of small tumors. An appropriate size 
threshold has been debated, but has varied among studies [4, 10]. Surgical resection 
is indicated for symptomatic tumors and to obtain a pathologic diagnosis as well as 
to exclude malignancy in cases of inadequate or inconclusive biopsies. Tumors that 
cause overlying mucosal ulceration or continue to increase in size during a period 
of observation should also be considered for tumor resection [11]. Previously, con-
cern for malignant transformation of a benign esophageal tumor was cited as an 
indication for enucleation; however, demonstrable malignant transformation actu-
ally appears to be a rare event [3, 12]. Table 49.1 demonstrates the heterogeneous 
group of tumors that comprise the differential diagnosis of a submucosal lesion with 
benign features on endoscopy and imaging studies, and indicates the most common 
location of incidence in the esophagus [1, 20]. Benign leiomyoma is the most com-
mon pathologic entity, accounting for 70–80% of cases [7, 8]. The most common 
submucosal tumors after leiomyoma include hemangioma and granular cell tumors, 
each accounting for less than 5% of benign esophageal tumors, followed by a vari-
ety of rare tumor histologies [9, 10, 21].

The initial method of diagnosis for benign submucosal tumors of the esophagus 
depends upon the presence or absence of symptoms. Symptomatic patients are most 
commonly referred for evaluation of dysphagia or atypical chest pain, while asymp-
tomatic tumors are discovered incidentally on chest radiograph or computed tomog-
raphy (CT) performed for other indications. CT imaging is most helpful in ruling 
out any malignant potential by virtue of the absence of invasion of nearby structures 
and appearance of a smooth tumor; however, CT imaging is less able to distinguish 
the involved layers of the esophagus [22]. Contrast esophagogram is a highly sensi-
tive and noninvasive initial evaluation to identify the level and laterality of a tumor. 
Benign submucosal tumors often appear as smoothly rounded filling defects on the 
esophagus with clear demarcation of the tumor and uninvolved esophageal border 
[9]. Esophagoscopy with endoscopic ultrasound (EUS) should follow esophago-
gram to further characterize the location, appearance, and depth of the tumor in an 
attempt to rule out malignant pathology. Endoscopic features of benign submucosal 

Table 49.1 Differential 
diagnosis of a submucosal 
lesion with benign features in 
order of decreasing incidence 
and also describing its most 
common location when 
discovered [13–19]

Tumor pathology Most common location
Leiomyoma Distal 1/3
Hemangioma Evenly distributed
Granular cell tumors Mid-distal 2/3
Lipoma Upper 1/3
Fibroma Underreported
Neurofibroma Upper-middle 2/3
Rhabdomyoma Underreported
Lymphangioma Lower 1/3
Hamartoma Distal 1/3
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tumors include a bulging tumor with overlying mucosa intact without ulceration, a 
freely mobile tumor, and tumor projecting into the lumen without stenosis or com-
plete obstruction [11]. The most common pathology encountered, leiomyoma, 
appears as smooth, well-circumscribed, hypoechoic tumors of the third (submu-
cosa) and fourth (muscularis propria) EUS layers of the esophagus [23].

Preoperative endoscopic biopsy has been demonstrated to increase the risk of 
intraoperative mucosal injury, and for this reason, a preoperative biopsy is not rec-
ommended when endoscopy and imaging data suggest a benign tumor [6]. Similarly, 
patients who are clinically diagnosed with a benign submucosal tumor can forgo 
preoperative positron emission tomography (PET), reserving PET scan for tumors 
found to be unexpectedly malignant after resection.

 Technique

Surgical treatment of benign submucosal esophageal tumors most frequently 
involves tumor enucleation. However, segmental resections may be necessary 
occasionally.

 Enucleation

Tumors of the intrathoracic esophagus are approached transthoracically using either 
the open or the minimally invasive approaches. The thoracoscopic approach was 
first reported by Everitt and colleagues in 1992 [24]. Tumors at or near the gastro-
esophageal junction can be approached transhiatally as an alternative especially if 
the lesion is distal and near the gastroesophageal junction. The use of RobATS can 
be employed for surgical enucleation of benign submucosal tumors in a fashion 
similar to the VATS technique described below.

For a transthoracic approach, the patient is intubated with a double-lumen endo-
tracheal tube to allow for single lung ventilation. VATS enucleation is most often 
performed from the right side for tumors of the proximal two-thirds of the esopha-
gus, while a right- or left-sided approach can be used for tumors of the distal one- 
third of the esophagus [2]. Owing to the access to the entire intrathoracic esophagus, 
the distal esophagus can also be approached from the right side, if necessary. A 
right- or the left-sided approach still can access lesions on the contralateral surface 
of the esophagus but will require additional dissection and mobilization of the 
esophagus to allow for complete visualization.

The VATS approach utilizes three- or four-trocar access to the pleural cavity, 
depending on the comfort level of the surgeon. In the left decubitus position with the 
right chest upward, three to four incisions to accommodate the camera port and 
working ports can be made using a strategy that optimizes triangulation toward the 
target anatomy and in keeping with the strategy that the surgeon is accustomed. 
Typically, these incisions may include a camera port incision between the anterior 
and midaxillary line in the seventh to ninth intercostal space depending on the level 
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of the benign tumor in the esophagus. Additional incisions are made anywhere in the 
third to fifth intercostal space in the anterior axillary line and seventh to ninth inter-
costal space posterior to the posterior axillary line and the tip of the scapula. 
Additional incisions may be made inferior to the anterior and posterior incisions to 
facilitate the retraction or dissection as needed. Each of the incisions should be 
placed after the camera incision so that direct visualization is employed to optimize 
trocar placement in relation to the lesion in question. If the lesion is in the distal 
esophagus, a heavy monofilament suture may be placed through the central portion 
of the diaphragm, away from the phrenic nerves, brought out through one of the inci-
sions, and clamped extracorporeally to move the diaphragm out of the way (Fig. 49.1).

After entering the pleural cavity, the lung is gently retracted anteriorly to expose 
the mediastinal pleura overlying the esophagus (Fig. 49.2). The entire extent of the 
tumor is assessed by palpation. Obviously, “palpation” with the minimally invasive 
approach entails the use of an endoscopic instrument such as a kuettner or other tool 
to obtain tactile feedback on the lesion itself and the extent of it in all external 
dimensions. If needed, intraoperative esophagoscopy can be used to determine or 
confirm the exact tumor location using endoscopic transillumination. The mediasti-
nal pleura overlying the esophagus then is opened either sharply or with electrocau-
tery (Fig. 49.3). The pleura is opened further in the cephalad and caudad direction 
to the extent that gaining access to the esophagus for mobilization will be feasible. 
If the distal esophagus is involved, the inferior pulmonary ligament may need to be 
divided to the level of the inferior pulmonary vein. If the proximal and middle 
esophagus is involved, the azygos vein may need to be divided to allow access to the 
tumor. Proximal and distal to the tumor, the esophagus may be circumferentially 
dissected so that a Penrose drain may be placed around the esophagus to facilitate 
retraction and exposure (Fig. 49.4).

Once the tumor is localized and the segmental esophagus is exposed, a longitu-
dinal esophageal myotomy is made overlying the tumor (Fig. 49.5). This incision 
can be initiated with careful electrocautery and then continued longitudinally and 

Fig. 49.1 Suture placed through the central portion of the diaphragm, brought out through an 
incision, and clamped extracorporeally to retract diaphragm
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Fig. 49.2 Exposure of the 
benign tumor with 
overlying mediastinal 
pleura. (Courtesy of Daniel 
J. Boffa, M.D.)

Fig. 49.3 Exposure of the 
involved esophagus by 
opening the overlying 
mediastinal pleura
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Fig. 49.4 Circumferential 
dissection of the esophagus 
with a Penrose drain 
providing additional 
retraction and tumor 
exposure

Fig. 49.5 Longitudinal 
esophageal myotomy made 
overlying the tumor
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toward the mucosa using blunt dissection. Staying near the “dome” of the lesion can 
help to avoid inadvertent injury to the mucosa. A kuettner dissector can be used for 
the blunt dissection and may be the preferred instrument as it can avoid thermal 
injury to the mucosa. Minimal sharp and electrocautery dissection can be used to 
facilitate exposing the lesion. Blunt dissection should be carried out around the 
lesion until its base or stalk at the level of the mucosa is reached. Particular care is 
exercised to preserve the vagus nerve trunk and its branches coursing along the 
esophagus. Blunt dissection is continued to separate the lesion from the mucosa 
until the tumor is entirely mobilized (Fig. 49.6).

After enucleation and removal of the tumor, the intraluminal mucosa is inspected 
for signs of thermal injury or perforation. This examination should be performed 
externally by close inspection and if there is greater concern of injury, then inter-
nally, by esophagoscopy. If injury or leak is suspected, the intrathoracic esophagus 
can be submerged in saline and a leak test performed using endoscopic insufflation 
[25]. Mucosal perforation is primarily repaired in two layers using an absorbable 
suture [10]. The longitudinal esophageal myotomy is reapproximated using an 
absorbable suture [11]. A chest tube is left in place and the incisions closed in the 
standard fashion. An additional closed suction drain may be placed in the pleural 
cavity also. When leaving either a chest tube or other drain, placing them near, but 
not directly over the surgical site, may reduce the theoretical risk of fistula formation. 
For the enucleation of larger tumors where a significant muscular defect remains, a 
tension-free reapproximation of the muscular layer may not be feasible and the enu-
cleation site can be covered by a pedicled pleural or muscular flap [21, 26].

 Segmental Resection

Segmental resection of the esophagus should be considered for benign tumors that 
are large (7–8 cm), circumferential tumors, or tumors causing extensive damage to 

Fig. 49.6 Enucleation of 
the submucosal tumor by 
careful dissection of the 
tumor off the esophageal 
mucosal layer. (Courtesy 
of Daniel J. Boffa, M.D.)
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the mucosa, thereby increasing the risk for postoperative leak [9, 11]. Segmental 
resection should also be considered intraoperatively during an enucleation proce-
dure in cases where dissection leads to mucosal damage and an increased risk of 
postoperative leak [9]. For very large tumors requiring an esophagectomy or resec-
tions of circumferential tumors involving the esophagus remote from the gastro-
esophageal junction, the VATS approach can be utilized in a manner equivalent to 
that performed for other conditions such as a malignant tumor. The thoracoscopic 
approach provides improved visualization of the thoracic esophagus as it traverses 
the main airway and major vascular structures of the chest. The VATS approach also 
has great utility when performing an intrathoracic reconstruction such as during an 
Ivor Lewis minimally invasive esophagectomy or a Roux-en-Y reconstruction 
within the chest [27]. Since esophageal resections and reconstructions are more 
frequently performed for malignant disease and the technique essentially is identi-
cal to that used for benign tumors when necessary, the details of these techniques 
can be found where descriptions of esophageal resections for esophageal carcinoma 
exist.

 Postoperative Management

The use of nasogastric decompression following enucleation of a benign submu-
cosal tumor is not routinely used in straightforward cases [9]. Similarly, the rou-
tine use of postoperative contrast esophagogram studies is not recommended 
following enucleation especially for a straightforward operation. In cases where 
mucosal damage is of concern, or cases that required repair of a mucosal injury, 
nasogastric decompression can be used for internal drainage until postoperative 
contrast esophagography, commonly with barium or Gastrografin contrast, con-
firms that there is no ongoing esophageal leak [28]. When an esophageal disrup-
tion is not a concern, a clear liquid diet may be started. A clear liquid diet may 
begin on the first postoperative day for a straightforward operation without con-
cerns of mucosal injury. Also, the tube thoracostomy may be removed early in the 
postoperative period depending on the absence of any perioperative issues such as 
mucosal injury or significant pleural space issue such as high volume pleural drain 
output, persistent air leak from an inadvertent visceral pleural injury, or a thoracic 
duct injury.

Following a more involved operation such as a segmental resection, postopera-
tive care is more involved than following enucleation, given the invasive nature of 
the operation. The nasogastric tube is left in place until postoperative contrast 
esophagogram is performed, commonly 5–7 days after resection. If no anastomotic 
leak is demonstrated on contrast esophagogram, the nasogastric tube can be removed 
and an oral diet initiated. If a liquid diet is tolerated and there is no clinical evidence 
of an anastomotic leak, such as fever or leukocytosis coupled with increased chest 
tube output, the remaining chest drains can be removed. As with enucleation, the 
chest drains should remain in place in patients with high volume pleural output or 
persistent air leak.
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 Postoperative Complications

Thoracoscopic enucleation of an esophageal submucosal tumor has been demon-
strated to be a safe procedure with low morbidity rates as demonstrated in sev-
eral small case series [4, 6, 25, 29–35]. To date, no postoperative deaths have 
been reported in the literature [9, 10]. Although rare, the most distressing com-
plication following enucleation of an esophageal tumor is a postoperative esoph-
ageal mucosal disruption secondary to intraoperative mucosal damage or 
impaired vascularization [36]. When identified very early in the postoperative 
process (typically within 24 h), a primary repair may be considered. However, 
when identified beyond the immediate postoperative period, conservative man-
agement with continued external drainage and internal drainage may be required 
[37]. Esophageal stenting may be used as either an alternative or adjunctive ther-
apy [38]. Stent placement may not be an option for very proximal or distal dis-
ruptions owing to discomfort and reflux, respectively [39]. Also, large defects 
and, in particular, ones that involve a relatively substantial amount of uncovered 
mucosa may not be ideally suited for stent placement given the possibility of 
stent erosion from excessive radial force of the stent abutting an attenuated 
esophageal wall. There are several other issues related to the use of stents which 
is a topic unto itself, but stent migration and the need for reintervention should 
remain a concern for the surgeon [40]. Stent removal is dependent upon the heal-
ing of the disruption and the clinical condition of the patient. As a disruption 
heals, supplemental enteral or parenteral nutrition may be employed if the time 
frame is beyond 1 week [40].

Additional postoperative complications can include acid reflux esophagitis, 
pseudodiverticulum formation, and fistula, with frequency ranging from 0% to 33% 
in a number of small case series examining thoracoscopic enucleation [4, 6, 25, 
29–35]. Reflux esophagitis or pseudodiverticulum formation secondary to impaired 
esophageal motility or laxity of the muscular layer is most commonly caused by 
inadequate reapproximation of the muscular layer after open thoracotomy or thora-
coscopic enucleation [11]. Formation of a pseudodiverticulum has been reported 
after thoracoscopic enucleation, and in these cases, the myotomy was not reap-
proximated [6, 31]. Postoperative pseudodiverticulum formation may be asymp-
tomatic; however, it may also present as postoperative dysphagia in larger 
psuedodiverticula and is typically evaluated by contrast esophagogram [6, 41]. 
Asymptomatic patients may be followed with endoscopy, while symptomatic pseu-
dodiverticula should be treated with reoperation and reapproximation of the muscu-
lar layer [6].

Given the more invasive approach and extensive dissection required to perform a 
segmental resection compared with enucleation, these patients are at an increased 
risk for postoperative complications. Segmental esophageal resection can have sig-
nificant postoperative morbidity, including reflux esophagitis, diarrhea, and weight 
loss [11, 42, 43]. These postoperative complications are thought to be secondary to 
disruption of the vagus nerves surrounding the esophagus, causing the loss of para-
sympathetic innervation to the foregut [42].
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 Postoperative Outcomes

 Short-Term

The results of several small case series demonstrate that thoracoscopic enucleation 
of benign submucosal esophageal tumors is a technically feasible and safe approach 
[3, 5, 6, 31, 34, 36, 44]. The VATS approach is associated with reduced surgical 
trauma when compared with thoracotomy, with no difference in functional outcome 
[11]. Shorter hospital length of stay has been demonstrated in several studies com-
paring VATS to open thoracotomy for enucleation of benign submucosal tumors, as 
well as earlier removal of the tube thoracostomy [6, 10, 11, 25]. Mirroring the lung 
cancer surgery experience using the minimally invasive approach, VATS enucle-
ation also is associated with reduced postoperative pain and improved cosmetic 
outcomes for patients [45, 46].

 Long-Term

As a result of the low incidence of benign submucosal tumors, evidence for long- 
term outcomes of patients who undergo VATS resection is limited to several small 
case series in the literature. In modern series of VATS enucleation of benign tumors, 
follow-up has ranged from 3 months to over 10 years with no documented incidence 
of tumor recurrence [4, 10, 11, 30, 35]. Although the majority of patients undergo 
resection for asymptomatic benign submucosal tumors, the existing literature has 
demonstrated that those who are symptomatic at presentation experience a durable 
resolution of symptoms following VATS enucleation, with 89–95% of patients 
symptom-free at 5 years [10, 11, 30]. Symptomatic gastroesophageal reflux disease 
(GERD) requiring fundoplication has been demonstrated up to 3 years after surgical 
enucleation, in patients who had no preexisting GERD, as well as those with preop-
erative GERD symptoms [10, 25]. These findings highlight the need for long-term 
follow-up in patients following enucleation and also suggest that surgeons may con-
sider an anti-reflux procedure at the time of enucleation in patients who are symp-
tomatic [10]. Finally, the formation of a pseudodiverticulum during long-term 
follow-up has not been documented in the modern series of thoracoscopic enucle-
ations [4, 25, 29, 30, 32–35]. Thus, the optimal strategy to address this issue remains 
undefined and dependent on a combination of several factors.

 Conclusion
Benign submucosal tumors are rare tumors of the esophagus, with leiomyoma 
accounting for the majority of cases. Although the management of small asymp-
tomatic benign submucosal tumors is debated, tumors that are symptomatic, 
large, or require a pathologic diagnosis to rule out malignancy should be removed 
by tumor enucleation. The thoracoscopic approach has been increasingly used 
for benign esophageal submucosal tumors and is similar to the open thoracotomy 
approach in many aspects without compromising exposure, mobilization, or 
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tumor enucleation. Thoracoscopic enucleation has been demonstrated to be a 
technically feasible and safe alternative to the traditional thoracotomy, with 
shorter hospital stays, less postoperative pain, and no difference in functional 
outcomes.
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 Introduction

Submucosal tumors (SMT) are protuberant lesions covered by intact mucosa in the 
gastrointestinal tract [1–5]. Often asymptomatic and discovered incidentally, they 
are commonly diagnosed after the fifth decade of life, occur equally in men and 
women, and are most commonly found in the stomach, followed by the esophagus, 
duodenum, and colon.

Benign esophageal tumors are rare with prevalence rates of 0.17–0.5%. Sixty- 
five percent of these are leiomyomas, followed by esophageal cysts, fibrovascular 
polyps, and granular cell tumors [2].

Nearly half of all gastric SMT are gastrointestinal stromal tumors (GISTs), 
which may be benign or malignant (Fig. 50.1). Gastric leiomyomas are the next 
most common SMT, though they are infrequent overall with prevalence rates near 
13%, followed by gastric lipomas and fibromas/fibromyomas [6, 7]. Overall, benign 
gastric SMT are rare and represent less than 5% of all gastric tumors [8].

Symptomatic tumors should be excised. Surveillance of asymptomatic patients is 
acceptable; however, there is a hypothetical risk of malignant transformation, rapid 
growth, or development of severe obstruction and/or bleeding. Therefore, if the 
nature of the tumor remains doubtful, resection is advised [9].
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 Principles of Resection

The operative goal is tumor resection without altering gastrointestinal function. 
Therefore, surgeons should equip themselves with a thorough knowledge of the 
relevant anatomy, common pitfalls, and alternative operative approaches to avoid 
unnecessary complications.

Surgical approach depends on SMT location, which is variable (Fig. 50.2). Thus, 
preoperative imaging with endoscopy, endoscopic ultrasound, and abdominopelvic 
computed tomography (CT) is critical to assess adjacent structure involvement, 
length of resection, and the need for multiple-modality approaches (concomitant 
endoscopic and laparoscopic procedures) and to anticipate variant anatomy 
(replaced or accessory hepatic arteries, proximate splenic artery) [10].

Needle biopsy is not contraindicated; however, it infrequently reveals the final 
pathology and can complicate future submucosal dissection as well as predispose 
for fistula formation later [2].

In regard to surgical approach, laparoscopic is equally effective compared to 
open resection; however, laparoscopic (minimally invasive surgery) is associated 
with less pain, inflammation, blood loss, earlier diet tolerance, and shorter hospital 
stay [7, 11–14]. Common indications for open conversion are uncontrolled hemor-
rhage and tumor rupture. Additionally, conversion should be strongly considered 
when there is evidence of tumor invasion or other signs of undiagnosed malignancy 
[9, 12]. Conversion rates are 0–22%, though this is expected to lower as laparo-
scopic techniques are more commonly used [8].

During the operation, optimal exposure within each step is paramount and facili-
tates working in the correct plane, as well as prevents inadvertent thermal injury to 
healthy tissue.

SMTs can be small, endophytic, and hard to localize with tactile or visual sensa-
tion. Therefore, laparoscopic sonography and intraoperative endoscopy are 

Fig. 50.1 Encapsulated gastric SMT (GIST) in cross section with central hemorrhage
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constructive adjuncts for localization and preventing postoperative stenosis or leak 
(Fig. 50.3) [16, 17]. Additionally, we advise resection over a 36–40 French bougie 
if there is any question of luminal compromise.

Fig. 50.2 Exophytic gastric SMT of the greater curvature (top left), fundus (top right), posterior 
antrum (bottom left), lesser curvature (bottom right)

Fig. 50.3 Endoscopic 
localization of endophytic, 
small, or otherwise 
difficult to localize SMT 
by laparoscopy alone
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Finally, while there are no reports of tumor dissemination after benign SMT 
resection [7], there is a hypothetical risk of occult malignancy. Therefore, oncologic 
principles of tumor resection (i.e., avoid repeated insufflation, spillage of intragas-
tric content, direct tumor manipulation, tumor capsule rupture or disruption of lym-
phatic vessels, and use a specimen retrieval bag) should be maintained.

 Equipment List

Laparoscopic tower and instruments
Endoscopic tower and instruments
36–40 French bougie
5 mm trocar × 3, 12–15 mm trocar × 1
Nathanson or other liver retractor
Harmonic scalpel (Ethicon Endo-Surgery, J & J Medical Ltd, Cincinnati, USA)
Laparoscopic linear stapler
Laparoscopic specimen bag

 Surgical Technique

After induction of general anesthesia, our practice is to position the patient in the 
supine or split-leg position. Foley catheterization is reserved for complicated cases.

Pneumoperitoneum is produced through a left upper quadrant incision using the 
closed 5 mm bladeless optical trocar. The abdomen is inspected for variant anatomy 
and adhesions, and subsequently additional working ports are placed under direct 
vision. A periumbilical port is upsized to a 12–15 mm port to facilitate stapling later. 
A liver retractor through the subxiphoid port assists with full visualization of the 
esophageal hiatus and proximal stomach (Fig. 50.4).

5 mm

5 mm

5 mm

5 mm

12-15 mm

Fig. 50.4 Example of port placement (left), and exposure after placement of Nathanson retractor 
(right)
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Following port placement, the stomach is mobilized by entering the lesser sac 1 
centimeter away from the gastroepiploic vessels. The greater curvature is mobilized 
proximally until the left crus of the diaphragm or distally toward the pylorus depend-
ing on the location of the lesion.

 Esophagogastric Junction Tumor

Resection of esophagogastric and prepyloric lesions is particularly challenging and 
high risk for postoperative luminal stenosis. In such cases, conversion to a more 
radical approach (partial or total gastrectomy) should be considered particularly if 
the nature (benign versus malignant) of the tumor is unclear [8].

If the tumor is small and not directly involving the esophagogastric junction, 
transgastric resection or enucleation are acceptable options [8]. The transgastric 
approach is performed through an anterior gastrotomy and subsequent eversion of 
the tumor through the gastric opening. A laparoscopic linear stapler is directed per-
pendicularly to the longitudinal axis of the stomach, and the mass is resected en 
bloc. The anterior gastrotomy is either sewn or stapled closed (Figs. 50.5, 50.6 and 
50.7) [18].

The drawback of transgastric resection is the high potential for intra-abdominal 
gastric fluid contamination and posterior extraluminal organ injury. Both can be 
avoided with careful inspection of surrounding structures prior to firing the stapler. 
This approach also provides poor visualization of the cardioesophageal junction and 
is therefore not ideal for very proximal lesions [19].

Proximal gastrectomy is discouraged due to a high rate of complications includ-
ing stricture, reflux esophagitis, and leak [15].

Fig. 50.5 Endoscopic (left), followed by laparoscopic (right), localization of a posterior gastric 
SMT
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 Gastric Fundus or Antrum

Lesions of the gastric fundus or antrum are relatively straightforward and may be 
approached through a simple wedge resection with the linear stapler once adequate 
mobilization of the stomach is achieved. Risk for stenosis or staple line tension is 
lower, though care must be taken to avoid excessive traction, and the linear stapler 
should be directed perpendicular to the longitudinal axis of the stomach—minimiz-
ing the risk of postoperative stenosis/obstruction (Fig. 50.8) [7].

 Posterior Wall

Tumors of the posterior wall are challenging and approached through several meth-
ods. The transgastric approach is described above.

Fig. 50.6 Transgastric SMT resection (left), followed by closure of the gastrotomy via laparo-
scopic stapling

Fig. 50.7 Endoscopic 
intraluminal evaluation and 
leak test

R. K. Kitamura and B. Jacob



609

With large exophytic posterior lesions, laparoscopic extraluminal resection is the 
optimal approach. The gastric body and greater curvature is completely mobilized 
and axially rotated. The lesion is then similarly retracted away from the lumen fol-
lowed by full-thickness wedge resection. Again, care must be given to ensure the 
interspace between the fundus and spleen is dissected free of attachments and that 
the cardioesophageal junction is not narrowed [20].

Intragastric approaches are not well-studied in the USA; however, they may be 
ideal in lesions near the cardioesophageal junction. Tagaya et al. describe an intra-
gastric approach where the stomach is brought to the abdominal wall, and balloon- 
tipped trocars are placed through the anterior abdominal and gastric wall into the 
gastric lumen. The tumor is subsequently enucleated or resected under vision [21]. 
Similar to this, Na et al. have reported single-incision laparoscopic surgery (SILS) 
where the stomach is brought anteriorly and entered through a multichannel umbili-
cal port. The resection is completed laparoscopically and appears to be feasible for 
small tumors [22]. The authors report less spillage of gastric contents and continu-
ous visualization of the esophagogastric junction. The drawbacks of this technique 
are limited range of resection and higher incidence of splenic injury if the short 
gastric vessels are not divided. Lateral tension can otherwise exacerbate splenic 
capsular injury or gastric laceration.

 Antrum and Prepyloric Lesions

The prepyloric/antral area of the stomach can be a technically demanding area with 
high risk of stenosis due to low distensibility of the stomach as well as risk of vagal 
nerve injury. This may manifest as postoperative functional gastric outlet obstruc-
tion and delayed gastric emptying. Thus, local resection followed by intra- or extra-
corporeal suturing is recommended to minimize the amount of healthy tissue taken 
(Fig. 50.9). If the lumen becomes stenosed, the procedure may be converted to distal 
gastrectomy with Billroth I or II reconstruction.

Fig. 50.8 Stapled resection of an exophytic SMT on the greater curvature of the stomach
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 Advanced Techniques

 Reduced Port

Several options for port reduction have been described for benign SMT resection 
but are not well-studied for long-term outcomes. Single-incision laparoscopic sur-
gery (SILS) for favorably located lesions such as the anterior wall or greater curva-
ture has been successful [23]. Double-bended instruments to assist with instrument 
conflict have also been used successfully for a posteriorly located lesion [24]. 
Intragastric SILS (described previously) have been reported in small series with 
some success [22], and a two-port option using a 25 mm multi-port trocar and 2 mm 
working port have also been attempted, although many of these techniques are still 
being developed [25].

 Hybrid Approaches

Combined endoscopic and laparoscopic approaches is ideal for endophytic, small, 
and difficult to localize lesions. Endoscopic assistance may result in less radical 
resection margins, lower rate of postoperative bleeding, perforation, and stenosis 
[26]. Small intramural tumors can be localized with endoscopic ultrasound with a 
diagnostic precision of 92% [8]. With the aid of an experienced endoscopist, SMT 
can be suctioned or grasped providing countertraction as well to assist with subse-
rosal dissection.

Staged endoscopic-laparoscopic dissection techniques are also under develop-
ment to minimize the amount of heathy tissue sacrificed. For example, laparoscopic- 
endoscopic cooperative surgery (LECS) is a sequential procedure in which 

Fig. 50.9 Intracorporeal 
suture closure of 
gastrotomy
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endoscopic submucosal dissection (ESD) is performed, followed by laparoscopic 
seromuscular layer dissection. Laparoscopic linear staplers are then applied for 
resection of tumor and closure of the gastric wall simultaneously via an eversion 
method, ultimately minimizing the amount of healthy resected tissue and potential 
for postoperative stenosis [26].

Laparoscopy-assisted endoscopic full-thickness resection (LAEFR) is a staged 
full-layer endoscopic dissection, followed by laparoscopic suture repair of the gas-
tric defect [1]. Nonexposed endoscopic wall-inversion surgery (NEWS) is per-
formed by laparoscopic seromuscular dissection followed by oversewing of the 
dissection line. The dissected area is endoscopically invaginated and resected using 
the ESD technique. This minimizes healthy tissue removal, abdominal contamina-
tion, and the potential of peritoneal spread [27, 28]. Critiques of endoscopic dissec-
tion are that it is challenging to achieve R0 resection margins and difficult to remove 
the specimen as one piece or avoid disruption of the tumor capsule. Additionally, it 
may be more difficult to control bleeding, ESD carries risk of perforation, and it 
requires an experienced endoscopist [3]. Further studies of endoscopic technique 
are needed but have thus far shown promising results.

 Robotic-Assisted Surgery

Robotic-assisted surgery offers surgeons the ability to perform gastric SMT resec-
tion, intracorporeal suturing, and complex gastrointestinal reconstructions with 
greater comfort and control while achieving similar standards to laparoscopy. Long- 
term outcomes of robotic versus laparoscopic resection are not yet available.

 Postoperative Management

For gastric wedge resections, our practice is to begin a clear liquid diet the following 
day, and the patient is advised to take frequent but small sips to maintain adequate 
hydration. Alternatively, an esophogram prior to starting a diet may be sought if 
there is concern for obstruction or leak. The diet is slowly advanced as tolerated and 
a proton-pump inhibitor or H2 antagonist is added to decrease gastric secretions.

Patients who undergo a more radical resection involving subtotal or total gastrec-
tomy are typically kept NPO with nasogastric tube decompression for one to two 
postoperative days and undergo upper GI swallow study prior to starting a diet.

 Postoperative Complications

Complications specific to laparoscopic resection of benign submucosal tumors 
include but are not limited to anastomotic leak, bleeding, gastrointestinal lumen 
stenosis, missed injury to adjacent structures, surgical site infection, and port-site 
hernias.
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 Conclusion

Laparoscopic approach is an effective and safe technique for benign gastric SMT 
resection. Lesions of the posterior wall, as well as large tumors near the cardia or 
pylorus, are often more difficult to locate and/or resect without affecting GI tract 
function. As a result, multiple laparoscopic (transgastric, intragastric, extralumi-
nal) approaches have been developed, and many innovative laparoscopic-endo-
scopic cooperative approaches have evolved.
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 Introduction

Benign submucosal tumors in the upper gastrointestinal (GI) tract are typically 
discovered incidentally on either routine or surveillance upper endoscopies. Unless 
the lesions are near the gastroesophageal junction or the pylorus, the patient may 
not have symptoms given the slow-growing benign nature of these lesions. As 
imaging resolution and endoscopic technologies improve, the ability to perform 
minimally invasive endoscopic resections for these lesions becomes increasingly 
feasible. Incision-less per-oral endoscopic resections for benign lesions allow for 
faster recovery, decreased pain, and lower surgical morbidity for patients. 
Submucosal tumors discovered in the upper GI tract can be leiomyomas, lipomas, 
carcinoids, cysts, and ectopic pancreas tissue.

 Diagnostic Testing

Endoscopic ultrasound (EUS) is one of the most important preoperative imaging 
studies prior to treatment decision [1]. Assessment of the depth of lesion penetration 
is necessary prior to consideration for endoscopic intervention. The main contraindi-
cation for endoscopic mucosal or submucosal resection of benign tumors is the pres-
ence of suspicious lymph nodes seen on EUS or the presence of distance metastases. 
If these are discovered on initial work-up, then re-evaluation of the lesion is neces-
sary as the index of suspicion for malignancy is much higher and repeat stacked 
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biopsies should be obtained at the time of the EUS. Depending on the pathology 
discovered, radiologic work-up can also be obtained either with computer tomogra-
phy (CT) or magnetic resonance imaging (MRI) of the abdomen and pelvis.

 Preoperative Preparations

The patients should receive preoperative health evaluation and laboratory testing to 
be able to undergo general anesthesia. General anesthesia may be preferred as the 
procedures can be much longer than most standard endoscopic interventions and 
would allow for the conversion to operative surgical management in case the lesion 
is unable to be removed with the endoscopic approach.

 Operative Technique

As with surgical resection, the goal with endoscopic therapy is to completely remove 
the lesion and provide tissue for pathology for assessing the true depth of penetra-
tion. Currently, the two most common techniques for endoscopic excision of benign 
lesions are endoscopic mucosal resection (EMR), which is used for masses smaller 
than 2  cm, and endoscopic submucosal dissection (ESD), which is utilized for 
resection of masses larger than 2 cm [1, 5]. Two alternative techniques of unroofing 
and enucleation are less commonly employed but appear effective.

 Operative Equipment

Therapeutic upper endoscope with a 3.7 mm inner channel.
Dual-channel therapeutic upper endoscope with 2.8 mm and 3.7 mm inner chan-

nels – useful for specific techniques of resection (i.e., grasper and a snare tech-
nique of EMR)

Power irrigation
Injection needle
SPOTTM(GI Supply, Camp Hill, PA) for tattooing the lesion in case a laparoscopic 

approach is necessary in the future
Small and large endoscopic snares with electrosurgery capabilities
Endoscopic graspers
Endoscopic caps – either oblique viewing or straight caps
Band ligation device
Endoscopic needle knife  – hook knife, triangle-tip (TT) electrosurgery knife, or 

dual knife
(Olympus Optical Co., Tokyo, Japan)
Epinephrine (1:20,000) solution
Through-the-scope hemoclips or endoscopic clips or over-the-scope clips in case of 

full-thickness perforation or bleeding
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 Endoscopic Mucosal Resection (EMR)

EMR has been traditionally utilized in mucosal lesions and submucosal masses are 
likely not amenable to EMR. If the mass clearly arises from the submucosal layer, 
then ESD should be performed. However, if the lesion begins in the mucosa and there 
is uncertainty on EUS regarding involvement into the submucosa, then EMR can be 
attempted initially with ESD as a readily available rescue technique. The various tech-
niques of EMR are depicted in Fig. 51.1. The initial step of EMR involves a saline lift 
in order to elevate the mass away from the muscularis propria in order to avoid pos-
sible full-thickness perforation. The injection needle should be angled and care should 
be taken to avoid full-thickness penetration with the needle and normal saline is 
injected to perform the lift. Endoscopic caps may or may not be used based on sur-
geon preference. An angled cap is useful in the esophagus, while a straight cap is 
easier to work with for gastric lesions. The cap can be taped onto the endoscope to 
avoid accidental dislodgement while performing the procedure. Suction is applied to 
the lesion in order to elevate it further, and eventually a cautery snare is introduced 
into the endoscope and energy is applied to the base of lesion. The mass is then either 
snare retrieved or suctioned into a suction trap for pathologic analysis.

If a cap is not utilized, then placing a band ligation initially can be helpful in 
raising tissue and aiding in cautery snaring of the lesion. If further elevation of the 
mass is necessary, then a grasper may be used to elevate the lesion in combination 
with either band ligation or cautery snare. This ensures that there is adequate tissue 
retracted into the scope to ensure negative oncologic margins.

 Endoscopic Submucosal Dissection (ESD)

For benign submucosal lesions, ESD is much likely to be the better option com-
pared to EMR given the tissue layer of origin for the masses. For lesions greater 
than 2 cm in size, ESD should be the standard treatment of choice. ESD allows for 
an en bloc resection of the mass, thus preserving depth as well as lateral margins 
appropriately for pathologic analysis.

The steps for ESD are listed below and depicted in Fig. 51.2:

 1. Circumferential marking of the mucosa surrounding the mass with electrocau-
tery – either a hook knife or a triangle-tip knife (TT knife).

 2. Injection lift with normal saline, glycerol solution, or sodium hyaluronate mix-
ture. Addition of epinephrine (1:20,000) useful for hemostasis.

 3. Mucosal incision is created allowing access into the submucosal space.
 4. An endoscopic cap is then mounted on the tip of the endoscope, and the space is 

dissected with a combination of insufflation and electrocautery.

Throughout this process the patient can be repositioned as needed and maneu-
vered in order to allow for gravity to aid in the dissection. It is important to maintain 
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Mucosa Lesion

Submucosa Muscularis
propria

Fig. 51.1 Schematic representation of endoscopic submucosal dissection. (a) Mucosal markings 
for incision line. (b) Submucosal injections of a solution. (c) Complete elevation of the lesion by 
injecting a solution into the submucosal space. (d) Mucosal incision around the mucosal markings. 
(e) Submucosal dissection with a needle knife through the cap attached on the tip of endoscope. (f) 
En bloc resection of the tumor. M mucosa, SM submucosa, MP muscularis propria
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orientation so that the dissection is not carried out past the circumferential lift. This 
avoids taking unnecessary tissues past the borders of the lesion as well as the 
increased risk of perforation in the tissue layers that did not receive an injection lift. 
Frequent visualization of the borders outside of the created submucosal tunnel will 
help with reorientation. If the tumor does not appear to lift despite 5–10 cc of injec-
tion, then high consideration to aborting the endoscopic approach should be given, 
as the depth of invasion is likely much greater than the submucosa.

 Unroofing

The unroofing technique is currently used only in cases of submucosal lipomas and 
cyst lymphangiomas. The confirmation of the preoperative diagnosis should be 
made on frozen pathology and the area tattooed in case the diagnosis changes on 
final pathology and ESD is required to complete the resection. Unroofing utilizes 
the snare technique; however, only the upper half of the mass is resected. Large 
masses that may otherwise be extremely difficult to resect with EMR or ESD can 
utilize the unroofing technique as the lower portion of the mass that is left in situ 
should resolve on its own if the pathology is correct. There is no long-term data for 
this technique or comparing unroofing with EMR/ESD, and only case reports and 
small case series are available in the literature [2, 3].

a b

c d

Fig. 51.2 Four types of endoscopic mucosal resection (EMR) techniques. (a) Snare polypectomy. 
(b) Strip biopsy technique. (c) The cap resection technique. (d) The ligate-and-cut technique
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 Enucleation

Enucleation is a combination of the unroofing technique with a variation of 
ESD. The surface of the tumor is unroofed with either snare cautery or a needle 
knife, and the tumor is then again snared or the base is cauterized and removed [4]. 
This technique may be useful for tumors deeper than the submucosa as it allows for 
full evaluation of the margins after unroofing the mucosa prior to excision. However, 
there is no longer-term data comparing this method to the more frequently utilized 
EMR and ESD.

 Postoperative Management [5]

Patients that undergo EMR can typically be discharged home on the day of surgery. 
Depending on the ESD area of dissection and location, patients are observed for 
1 day in the hospital and discharged with strict instructions to notify their surgeon 
with delayed symptoms of pain, fever, melena, or hematochezia. Patients should 
undergo endoscopic surveillance depending on the pathology at 6 months to 1 year.

 Postoperative Complications [5]

The most feared complication after EMR or ESD is full-thickness perforation at the 
area of electrocautery. Depending on the location of injury, patients may present 
with a variety of symptoms that may include chest or abdominal pain, fevers, nau-
sea, emesis, or food intolerance. Computer tomography with oral and intravenous 
contrast or an upper gastrointestinal swallow study should be performed to diagnose 
the perforation and leak. Rapid return to the operating room is important to treat the 
perforation, which can typically be managed with endoscopic clips or suturing. If 
endoscopic closure is unsuccessful, then laparoscopic repair with primary closure 
and/or omental patch buttressing should be performed.

Bleeding risks are low with the proper initial EMR or ESD techniques, but treat-
ment for postoperative bleeding is endoscopic therapy with electrocautery, epineph-
rine 1:10,000 injection, and hemoclips. Patients should also have proper resuscitation 
with balanced blood product transfusions and be admitted to the ICU for invasive 
monitoring as needed. Surgical exploration is reserved for refractory bleeding in the 
hemodynamically unstable patient that fails endoscopic interventions.
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There is no dispute. The role that infection of the gastric lining with the bacteria 
Helicobacter pylori is a well-recognized etiological risk factor for peptic ulcer dis-
ease. Colonization with H. pylori approaches 80% in some endemic areas of the 
globe, which, when combined with patient factors, produces peptic ulcers in a thank-
fully small minority [1]. H. pylori bacterial infestation interferes with normal protec-
tive defenses of the gastric mucosa and alters the diffusion of hydrogen ions, leading 
to localized gastritis and resultant ulceration. Proper treatment of the peptic ulcer 
disease appropriately involves H. pylori eradication with antibacterial medications, 
in combination with protection of the gastric mucosa and acid suppression. For the 
H. pylori-negative patient, alteration of native mucosal protection by nonsteroidal 
anti-inflammatory medications, leading to peptic ulceration, is the leading etiology.

But, such knowledge is just several decades old, preceded by more than a century 
of medical thought predicated upon elevated acid secretion as the prime causative 
factor in peptic disease. For many decades, the German phrase coined by Karle 
Schwarz “Ohne saureen Magesaft kein eptisches Geschwür” translated to “no acid, 
no ulcer” was dictum in surgical wards worldwide [2]. Current understanding still 
clings to elements of this maxim.

Despite the fact that surgery was never considered first-line therapy for peptic 
ulcer disease, the position of peptic ulcer disease within the history of modern gen-
eral surgery is profound. Three Nobel Prizes in Medicine have been directly related 
to advances in understanding of gastric physiology and pathophysiology that under-
lie peptic ulcer disease. Ivan Pavlov was recognized in 1904 for “his work on the 
physiology of digestion, through which knowledge on vital aspects of the subject 
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has been transformed and enlarged” [3]. Elements of this work are detailed below. 
Sir James W. Black shared a Nobel Prize in Medicine in 1988, in part for his discov-
ery of cimetidine, the first commercially available pharmacologic therapy to reduce 
acid secretion for the treatment of peptic ulcer disease [4]. Just over a century after 
Pavlov received his prize, Barry J. Marshall and J. Robin Warren shared the Nobel 
Prize in Medicine in 2005 for “their discovery of the bacterium Helicobacter pylori 
and its role in gastritis and peptic ulcer disease” [5]. That discovery was the stron-
gest driving factor away from surgery.

Surgical therapy for peptic ulcer disease was always intended to address the 
complications, namely, hemorrhage, obstruction, perforation, and intractability. The 
evolution of surgical techniques to accomplish these ends evinces contemporary 
advances in anesthesia, bacteriology, discoveries in physiology and endocrinology, 
and rediscovery of the fine points of anatomy over the past several decades. Current 
surgical therapy blends understanding garnered from each of these disciplines into 
surgical and increasingly medicinal therapies.

In the late nineteenth century, anesthesia was in its infancy. Inhaled ether pro-
vided the first reasonable anesthetic which could be used to perform intra- abdominal 
surgery [6]. There were no respirators, no blood transfusion, no antibiotics. 
Successful surgical management was intentionally simple and performed expedi-
tiously. Recognizing these operating conditions, and believing that intra-gastric acid 
was primarily responsible for peptic ulceration, surgeons of the time sought a means 
to rapidly evacuate gastric acid. Thus gastroenterostomy was the first operation to 
be used to treat peptic ulcer disease. It could be carried out rapidly and with low 
morbidity (see Fig. 52.1) [7]. It was in this era that techniques described by Theodor 
Billroth and Lord Moynihan gained significant traction. Unfortunately, these opera-
tions had a recurrence rate approaching 50%, with the jejunal side of the anastomo-
sis bearing most of the recurrences, called marginal ulcers.

Concluding that rapid drainage of acidic gastric contents was insufficient, sur-
geons next proposed that removal of the acid source, the stomach, in the form of a 
subtotal gastrectomy would be therapeutic (see Fig. 52.2). While effective in reduc-
ing ulcer recurrences (less than 1%), subtotal gastrectomy addled patients with sig-
nificant morbidity and mortality. In addition, there were adverse effects of removing 
the pylorus and creating a long gastroenterostomy [8]. Some patients developed 
abdominal cramping, diaphoresis, and hypotension about in the first hour or two 
after eating This is now recognized as “early dumping syndrome” and thought to be 
due to inappropriate release of a gastrointestinal hormone, vasoactive intestinal pep-
tide (VIP), from the pancreatic islet delta cells [9, 10]. Other patients developed the 
same symptoms from 4 to 6 h after meals. This is called “late dumping” and now 
believed to be secondary to an imbalance in insulin release from the pancreatic islet 
beta cells with an excess of insulin remaining after 4 hours causing the symptoms of 
insulin shock [11].

Application of surgical gastroenterostomy and subtotal gastrectomy occurred 
concurrent with laboratory work in physiology that provided the underpinnings of 
the next two major advances in management of peptic ulcer disease. Laboratory 
work by Pavlov in dogs outlined the phases of digestion. What Pavlov initially 
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termed “psychic reflex” has since become known as the cephalic phase of digestion. 
This first phase of digestion is primarily mediated by gustatory and olfactory prop-
erties of ingested food, but sight and anticipation have been shown to induce similar 
vagal stimulation of oral enzyme secretion, gastric acid production, and gastric 
motility [12, 13]. The second phase of digestion, the gastric phase, is principally 
mediated by gastrin. Pavlov and colleagues knew this only as a secretogogue, but 
decades of careful biochemical and physiological experimentation have shown gas-
trin is a 17-amino acid polypeptide secreted from the G cells of the gastric antrum. 
Gastrin secretion is mediated by mechanical distention of the antrum by the ingested 
food bolus and by chemical stimulation from the presence of intraluminal protein 
fragments known as peptones [14]. It should be noted that that pentapeptide com-
prising the N-terminus of gastrin is identical to that of cholecystokinin, explaining 
the coincident effects those hormones have. Gastrin then binds to G-protein-coupled 
receptors on parietal cells (CCK-2 receptor), causing direct release of intraluminal 
acid, and by binding to G-protein coupled receptors (CCK-2 receptors) on 
enterochromaffin- like cells to release histamine, which in turn strongly induces acid 

Fig. 52.1  
Gastroenterostomy
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production by parietal cells [14]. Taken together, vagal stimulation of acid produc-
tion and the importance of gastrin and cholecystokinin illumine the next phase in 
surgical and medical therapy for ulcer disease.

While current thought identifies André Latarjet as a surgical innovator, his con-
temporaries failed to be convinced that vagotomy with gastroenterostomy, reported 
first in 1922, would be an effective operation for peptic ulcer disease [15]. The lack 
of experimental evidence produced by Latarjet contemporaneously met bombastic 
acolytes of Billroth and Moynihan advocating subtotal gastrectomies for ulcer dis-
ease and relegated Latarjet’s procedure to a fringe status at the time [16]. Lester 
Dragstedt is identified as the individual who integrated the concepts of the cephalic 
phase of digestion and vagal innervation with pathophysiology of ulcer disease. He 
reported in 1943 on a supradiaphragmatic vagotomy in a patient with a bleeding 
duodenal ulcer [17]. Interestingly, that patient’s consent to the experimental opera-
tion was predicated on his refusal of a subtotal gastrectomy, based on his father’s 
perioperative mortality following the same procedure [16]. The patient had com-
plete symptom relief within 9 days.

Fig. 52.2 Subtotal 
gastrectomy
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Despite remarkable success in some patients relieving peptic ulcer symptoms, 
truncal vagotomy resulted in an atonic stomach with impaired gastric emptying, a 
fact initially noted by Latarjet nearly two decades prior to Dragstedt’s work [16]. 
The need for a concomitant gastric drainage procedure with vagotomy became 
obvious. Initially, gastroenterostomy was again employed to drain the stomach, 
largely based upon familiarity with this operation (see Fig. 52.3). Pyloroplasty for 
emptying was later introduced in combination with truncal vagotomy, as described 
by both Heineke-Mikulicz and Weinburg (see Fig. 52.4) [18, 19]. Truncal vagotomy 
with a drainage procedure was found to be very effective in the reduction of gastric 
acid and had a reasonable recurrence rate (about 15%) while being safe and rela-
tively easy to perform. This operation was the most commonly performed in the 
midportion of the twentieth century.

Unintended adverse effects attendant to proximal vagotomy illustrated nuances 
in nervous system anatomy as well. Section of the vagal trunks resulted in denerva-
tion of the liver (hepatic branch) and the small bowel (celiac branch). Some patients 

Fig. 52.3 Truncal 
vagotomy and 
gastroenterostomy
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developed gallstones, while others had severe disabling diarrhea. Because the pylo-
rus was bypassed or destroyed, a good number of patients developed dumping syn-
drome. Finally, there were still patients in whom the disease was inadequately 
treated and recurrence developed.

The latter situation led to the development of procedures aimed at ablation of the 
gastric phase of digestion. These all involved combining the truncal vagotomy to 
ablate the cephalic phase and antrectomy to remove the G cells. The combination of 
vagotomy and antrectomy was extremely effective in preventing ulcer recurrence, 
with recurrence rates less than 2%. The gastric remnant could be reconnected to the 
duodenum (Billroth I reconstruction; see Fig. 52.5) or to a looped jejunum (Billroth 
II reconstruction; see Fig. 52.6). Later, Roux-en-Y reconstruction became popular, 
partly driven by the popularity of that operation for weight loss.

While the evolution of peptic ulcer surgery had produced effective operations 
with low ulcer recurrence rates, the postsurgical side effects proved troublesome in 

Fig. 52.4 Truncal 
vagotomy and pyloroplasty
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many patients. Gallstones, secondary to hepatic denervation, gastroparesis, diar-
rhea, and dumping continued to plague many patients. Correspondingly the enthu-
siasm with which many surgeons applied vagotomy faded somewhat. In some ways 
it is remarkable that more than a decade passed with surgeons performing vagoto-
mies with undesirable side effects, without improvement. An Irish surgeon, Terence 
Kennedy, wrote: “No surgeon wishing to denervate the soleus muscle for intermit-
tent claudication would divide the whole sciatic nerve in the thigh; yet most sur-
geons using vagotomy for duodenal ulcer unthinkingly divide the whole of both 
vagus nerves immediately below the diaphragm, thus depriving all abdominal 

Fig. 52.5 Truncal 
vagotomy and antrectomy 
with Billroth I 
(gastroduodenostomy) 
anastomosis
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viscera, except the distal colon, of their para-sympathetic nerve supply” [20]. He 
and his colleagues in the Belfast school were some of the early promoters of new 
surgical approaches with lesser physiologic perturbations.

Popularized in the 1970s, new operative techniques based upon the anatomy of 
the vagal nerve were developed. It was noted that after delivering branches to the 
stomach, a branch of the vagal nerve went to the liver (hepatic branch) and one to 
the small bowel (celiac branch). Selective vagotomy was developed and preserved 
these branches without totally denervating the stomach (see Fig. 52.7). This opera-
tion still required a drainage procedure but obviated the side effects of small bowel 
and hepatic denervation. Dumping, however, remained a problem because the pylo-
rus was either removed or rendered permanently patent. Finally, another look at the 
anatomy of the vagus nerve at the gastric wall revealed that the final gastric branch 
to the antrum, which looked like a crow’s foot and which was previously named the 
nerve of Latarjet, could not possibly produce gastric acid from the parietal cells as 
the parietal cells were in the body and fundus of the stomach and not in the antrum. 
Thus, the nerve of Latarjet was discovered to be responsible for antral motility. An 
operation was then devised, highly selective vagotomy or parietal cell vagotomy, 
which divided all of the vagal nerve branches to the stomach proximal to the nerve 
of Latarjet and preserved the latter (see Fig. 52.8) [16]. In this case, no drainage 
procedure was necessary. In a landmark publication in 1975, data from 5539 patients 
was aggregated across Europe and the United States who had undergone highly 

Fig. 52.6 Truncal 
vagotomy and antrectomy 
with Billroth II 
(gastrojejunostomy)
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Hepatic branch

Celiac branch

Fig. 52.7 Selective 
vagotomy and 
pyloroplasty

Hepatic branch

Celiac branch

Nerve of laterjet
preserved

Fig. 52.8 Highly 
selective (parietal cell) 
vagotomy
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selective vagotomy. They reported a ~5% recurrence with low incidence of gastric 
stasis, dumping syndrome, and mortality [21]. This recurrence rate was on par with 
truncal vagotomy, with an improved complication profile, and no need for an emp-
tying procedure and resultant anastomosis. This operation became extremely popu-
lar and was widely used for intractable ulcer disease.

Enthusiasm for highly selective vagotomy was tempered slightly a few years 
later with new evidence recurrences increased over time; however, it was still the 
most effective operation available. With the notable exception of the application of 
laparoscopic techniques to vagotomy and gastric drainage procedures, development 
of surgical concepts for peptic ulcer disease largely ceased at this point. The com-
mercially available cimetidine and later proton pump inhibitors gave surgeons a 
bevy of medical therapies to treat recurrent ulcer disease. Shortly thereafter, the 
discovery of H. pylori organisms and the uncovering of the role bacterial coloniza-
tion plays in the development of many gastric ulcers was the next major develop-
ment. The series of experiments in both animals and humans that identified, and 
eventually described, these mechanisms similarly spans the bulk of the nineteenth 
and twentieth centuries up to and including a bold experiment in self-inoculation by 
then gastroenterology fellow, now Nobel laureate, Barry Marshall [18].

Heretofore discussion of surgical management has been focused upon treatment of 
the non-perforated ulcer; we would be remiss to conclude this chapter without 
acknowledging the body of surgical thought targeting treatment of perforations. The 
youngest daughter of King Charles I of England, Henriette-Anne, at the age of 26 had 
acute onset abdominal pain lasting roughly 1  day prior to her sudden death [22]. 
While not attributed to a peptic ulcer until decades later, her demise from a perforated 
peptic ulcer was a topic in the second volume of the British Medical Journal [23].

Fundamentally treatment of perforated peptic ulcers has not significantly changed 
since Mikulicz proposed that any physician faced with a potential gastric or duodenal 
perforation should consider “opening the abdomen, sewing up the hole, and averting 
a possible inflammation by careful cleansing of the abdominal cavity” [22]. While 
non-operative treatment is occasionally successful with gastric decompression and 
antibiotic therapy, this is the exception. Roscoe Graham is credited with the first free 
omentoplasty to seal a perforated gastric ulcer without primary suture closure [24]. It 
was Cecil Cellan-Jones that reported a pedicled omentoplasty to buttress a primarily 
closed perforation, which is commonly referred to as the Graham patch [25]. Minor 
variations on this technique exist, but precious little surgical innovation has occurred 
in this arena. Despite more than eight decades of increased medical understanding, 
perforated gastric ulcer remains a premorbid condition in 16% of cases.

Today we have a variety of operations available for the treatment of peptic ulcer 
complications and select that procedure which best meets the needs of the patient. 
Certainly, highly selective vagotomy has a role when disease is persistent and medi-
cal therapy unsuccessful or poorly tolerated. For perforation, omentoplasty patch 
remains an effective initial approach and is often combined with H. pylori eradica-
tion and acid suppression with proton pump inhibitors. For patients with chronic 
obstruction of the pylorus and massive gastric distention, subtotal gastrectomy is 
still a very effective approach. In patients with severe disease or recalcitrant 
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bleeding, vagotomy and pyloroplasty with suture of the bleeding vessel or vagot-
omy and antrectomy are still employed. Some surgeons, realizing the adverse effects 
of vagotomy, are choosing to perform pyloroplasty and combine this with medica-
tion instead of vagotomy.

The history of the evolution of peptic ulcer surgery is a saga of procedures devel-
oped based upon available thought and science of the time. Currently there is 
renewed attention to management of recalcitrant peptic ulcer disease. Partially this 
is being driven by concerns about long-term effects of anti-secretory medications. 
But, there is also now a generation of surgeons currently in training, or having 
recently finished, with a paucity of exposure to operations to manage peptic ulcer 
disease. As it has seemed to be the pattern with this disease process, where revisit-
ing prior thought leads to greater clarity in terms of surgical treatment, we may be 
collectively sitting at the cusp of significant innovation. As further refinements in 
physiologic understanding and new techniques in endoscopic therapy for peptic 
ulcer disease come forth, they join a rich history in the development of surgical 
decision- making, surgical techniques, and innovation  – a rich history that com-
mands reverent consideration by any practicing general surgeon or endoscopist.
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53Evaluation of Peptic Ulcer Disease

Thomas C. Tsai and David C. Brooks

Peptic ulcers are defects in the gastric or duodenal mucosa through the muscularis 
mucosa. Unlike erosions or gastritis which are small or superficial lesions that 
involve only the mucosa, peptic ulcers can vary from as small as 5 mm to several 
centimeters, and the depth of injury may lead to life-threatening complications such 
as GI bleeding, perforation, or gastric outlet obstruction.

Traditionally, peptic ulcer disease was thought to be secondary to acid hyperse-
cretion. However, recent evidence suggests that the pathogenesis of peptic ulcers is 
multifactorial and due to an imbalance of inciting factors and protective factors. The 
paradigm shift in the evaluation of peptic ulcer disease occurred in the 1984 with the 
discovery of Helicobacter pylori by Marshall and Warren. Since then, a robust lit-
erature has shown that eradication of H. pylori can reduce the rate of ulcer recur-
rence. Additionally, the use of nonsteroidal anti-inflammatory drugs (NSAIDs) and 
aspirin have also been closely linked to the formation of peptic ulcers due to the 
inhibition of cyclooxygenase-1 (COX-1) which results in impaired mucosal heal-
ing. Evaluation of peptic ulcer disease now largely rests on the diagnosis of these 
two predisposing factors of H. pylori infection and impaired mucosal healing from 
NSAID use.
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 Epidemiology

Prevalence of peptic ulcer disease in the general population has been estimated to be 
about 5–10% with an incidence of 0.1–0.3% per year [1]. There continues to be a 
sharp decrease in the incidence of peptic ulcer disease in the past 20–30 years with a 
concomitant reduction in the prevalence of H. pylori infections [2, 3]. Significantly, 
hospitalizations for peptic ulcer disease have dramatically decreased in the USA and 
other countries. In an analysis of the Nationwide Inpatient Sample, the incidence of 
hospitalization for peptic ulcer disease decreased by 30% from 1993 to 2006 [4]. The 
ulcer incidence among H. pylori-infected individuals is approximately 1% per year, 
a rate six- to tenfold higher than among non-infected individuals [5, 6].

 Pathogenesis

Peptic ulcer disease is related to two primary factors—presence of H. pylori infec-
tion and use of NSAIDs. Both factors disrupt normal mucosal repair mechanisms, 
leading to increased susceptibility to gastric acid. This imbalance leads to the for-
mation of peptic ulcers, and accordingly, suppression of gastric acid secretion 
through proton-pump inhibitors (PPI) or histamine receptor 2 (H2) blockers can 
restore the balance of mucosal injury and repair. Peptic ulcers arising from gastrin- 
secreting tumors, such as in Zollinger-Ellison syndrome, are extremely rare and 
account for fewer than 1% of patients with duodenal ulcers. Stress-related mucosal 
disease is generally encountered in the critical care setting. Clinical factors related 
to peptic ulcer disease arising from physiologic stress include sepsis, acute respira-
tory distress syndrome, renal failure, trauma with central nervous system injury 
(Cushing’s ulcer), or extensive burns (Curling’s ulcer). Cigarette smoking may also 
promote the development of ulcers through mechanisms of mucosal ischemia and 
increasing susceptibility to acid.

Recent studies have suggested that a proportion of peptic ulcers may be idio-
pathic in origin. The proportion of peptic ulcers non-related to H. pylori, NSAID 
use, or other known factors may be as high as 20–44%, with a meta-analysis of 
published clinical trials suggesting that 27% of duodenal ulcers are idiopathic [7]. 
Idiopathic ulcers especially appear to be more common in older patients with 
comorbid conditions. Especially for peptic ulcer disease that manifests as gastroin-
testinal bleeding, the presence of multiple or significant comorbidities was associ-
ated with an odds ratio of 2.26 [8].

 H. pylori

H. pylori is a spiral Gram-negative bacterium. H. pylori produces urease to create 
an alkaline environment to enable its survival in the gastric mucosa. The majority of 
infected persons remain asymptomatic, but 10–15% of infected persons develop 
peptic ulcer disease during their lifetime [9]. Development of peptic ulcer disease is 
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secondary to a complex interaction between bacterial and host factors, which deter-
mines the severity of gastric inflammation and gastric secretion. For example, the 
cytotoxic-associated gene A (CagA) positive strains have been shown to interact 
with gastric tissue and promote inflammation [10]. Eradication of H. pylori infec-
tion is a mainstay of the initial medical management of peptic ulcer disease, and 
studies have shown that PPI alone are inferior to a strategy employing PPI and 
antibiotics for peptic ulcer disease. In cases of upper gastrointestinal bleeding from 
peptic ulcer disease, failure to eradicate H. pylori is associated with a 26% rebleed-
ing rate at 1-year follow-up, whereas incidence of rebleeding of peptic ulcers is 
1.3% following confirmed H. pylori eradication [11].

 NSAIDs

NSAIDs can damage the gastroduodenal mucosa through the inhibition of prosta-
glandins derived from COX-1. Reduced mucosal prostaglandins are associated 
with lower mucous and bicarbonate secretion and decreased mucosal blood flow. 
NSAIDs increase the complications of peptic ulcer disease fourfold, and similarly 
aspirin can increase the complications twofold [1, 12, 13]. Many patients with H. 
pylori infection may concomitantly take NSAIDs, thereby compounding the risk 
of peptic ulcer disease and its complications. Compared with H. pylori-negative 
individuals not taking NSAIDs, the relative risk of peptic ulcer disease in H. pylori-
infected NSAID takers was estimated to be 61-fold higher. Among those with H. 
pylori infection, use of NSAIDs increased the risk of peptic ulcer disease greater 
than threefold [14]. Eradication of H. pylori among patients taking NSAIDs for 
musculoskeletal pain has been shown to significantly decrease the occurrence of 
and complications arising from peptic ulcers [15, 16]. Furthermore, if NSAIDs 
cannot be stopped, double- blind trials have shown that COX-2 selective NSAIDs 
and PPI result in significantly lower rebleeding rates from peptic ulcers than with 
a COX-2 selective NSAID alone [17].

 Classification of Peptic Ulcers

Although originally described in 1965 and predating the discovery of H. pylori and 
epidemiological studies linking peptic ulcer disease to NSAID use, Johnson’s clas-
sification of gastric ulcers remains a useful paradigm for understanding the ana-
tomic location of ulcers and the role of surgical management in complicated peptic 
ulcer disease [18]. While endoscopic and interventional radiology techniques have 
largely replaced surgical management of bleeding peptic ulcers, perforated peptic 
ulcers remain a surgical disease. In a recent study using the Nationwide Inpatient 
Sample to analyze the burden of emergency general surgery, operations for either 
bleeding or perforated peptic ulcer disease accounted for the fourth-highest emer-
gency surgical burden when considering the combined impact of hospital costs, 
morbidity, and mortality [19].
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Type I ulcers are located near the incisura of the lesser curvature. These are the 
most common and comprise approximately 60% of benign gastric ulcers. Type I 
ulcers historically have been described as arising from impaired mucosal defense. 
H. pylori infection is often found in patients with type I ulcers. Surgical manage-
ment typically would involve distal gastrectomy with Billroth I or II 
reconstruction.

Type II ulcers are ulcers concomitantly located along the lesser curvature and the 
duodenum, whereas type III ulcers are prepyloric ulcers. These ulcers are typically 
associated with acid hypersecretion, and as such in medically refractory cases, 
antrectomy with vagotomy may be indicated.

Type IV ulcers are located along the lesser curvature near the gastroesophageal 
junction. Given the location along the lesser curve, these ulcers can be considered a 
subset of type I ulcers, but the location near the GE junction poses unique surgical 
challenges. In medically refractory cases, a variety of different surgical procedures 
are available, including the Csendes procedure (subtotal gastrectomy including the 
ulcer with Roux-en-Y reconstruction to remnant gastric fundus), Pauchet procedure 
(distal gastrectomy with extension along the lesser curve to include the ulcer), and 
Kelly-Madlener procedure (distal gastrectomy distal to the ulcer with truncal vagot-
omy), which may be indicated based on location of ulcer relative to the GE 
junction.

Type V ulcers can be located anywhere in the stomach and are due to NSAID or 
steroid use. These ulcers typically respond to withdrawal of the inciting medication 
and respond to proton-pump inhibitor therapy and endoscopic intervention in the 
setting of bleeding. Surgical options in the setting of refractory GI bleeding can 
include anterior gastrostomy and oversewing of bleeding sites or with embolization 
by interventional radiology.

 Clinical Manifestation

Uncomplicated peptic ulcer disease classically presents as epigastric pain, but 
symptoms generally are non-specific. Patients with gastric ulcers typically present 
with postprandial abdominal pain, nausea, emesis, and weight loss. In contrast, 
patients with duodenal ulcers may feel hungry or have nocturnal pain. Duodenal 
ulcers are associated with initial relief from ingestion of milk, food, or antacids, but 
the pain typically recurs 2–4 h later. These symptoms can wax and wane due to 
spontaneous healing of ulcers. The main complications of peptic ulcer disease 
include bleeding, perforation, and gastric outlet obstruction. Bleeding can occur 
suddenly without proceeding symptoms and can manifest as either hematochezia or 
melena. Perforation typically presents with acute onset of sharp epigastric pain and 
can rapidly progress to intra-abdominal sepsis. As many as 60% of patients present-
ing with perforated peptic ulcer disease may not have had a prior diagnosis of peptic 
ulcer disease, and mortality can be as high as 10% [20]. Gastric outlet obstruction is 
rare but in most cases can respond to medical management with PPI and H. pylori 
eradication after temporary nasogastric decompression.
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 Diagnostic Workup

Endoscopy is the gold standard for the diagnosis of peptic ulcer disease, espe-
cially for those greater than 55 years of age. Endoscopy offers the benefit of both 
direct examination and biopsies that aid in the diagnosis of H. pylori or underly-
ing malignancy. Up to 5% of gastric ulcers may be malignant. For giant ulcers 
greater than 3 cm in diameter, the risk of malignancy can be as high as 30%. 
Malignant ulcers may appear as an ulcerated mass or possess thickened, irregular 
edges. Multiple biopsies (one from each quadrant with jumbo forceps) of the 
ulcer edge as well as the base should be taken. Benign peptic ulcers generally 
have smooth, regular, rounded edges with a flat ulcer base that can be filled with 
exudative material.

Biopsy of benign-appearing gastric ulcers is controversial, with some advocating 
for biopsy at the index endoscopy to rule out malignancy and others electing to 
forego biopsy if a patient’s history and risk factors suggest a low risk of gastric 
cancer. Antral biopsies can be sent for histologic analysis, and polymorphonuclear 
leukocytes are suggestive of H. pylori gastritis. Specialized stains can also be 
employed to directly detect the presence of H. pylori. Rapid urease testing of antral 
biopsies is also sensitive as well as specific. While H. pylori can be cultured from 
biopsy specimens, it is usually reserved for medically refractory cases to determine 
antibiotic susceptibility.

Patients with suspected peptic ulcer disease presenting with alarming symptoms 
such as weight loss or GI bleeding should undergo prompt endoscopic evaluation. 
Patients with multiple ulcers on exam, refractory ulcers, ulcers in unusual locations 
such as in the distal duodenum, or diarrhea should undergo testing for Zollinger- 
Ellison syndrome with a fasting gastrin and secretin stimulation test. As H. pylori is 
the most common cause of peptic ulcer disease, a test-and-treat approach with a 
noninvasive test for H. pylori has been advocated for patients under the age of 55 
[21, 22]. With the test-and-treat approach, follow-up is crucial, and further evalua-
tion with endoscopy may be needed if symptoms do not resolve after discontinua-
tion of NSAIDs, cessation of smoking, or initiation of antisecretory medications 
such as a PPI or H2 blocker.

Laboratory testing for H. pylori involve several methods and can vary by institu-
tional preference (Table 53.1). All patients with peptic ulcer disease should undergo 
testing for H. pylori infection. Options for testing include urea breath test, serologic 
enzyme-linked immunosorbent assay (ELISA), and stool antigen test. Urea breath 
test is highly sensitive even in the acute hospital setting or with active GI bleeding 
[11, 23]. Sensitivity however decreases after induction of PPI therapy. Stool antigen 
can similarly test for false negative in the setting of PPI or if there is blood in the 
specimen due to cross-reactivity of the test [24]. Serology can be used to detect 
exposure to H. pylori, but is less useful for monitoring eradication after treatment. 
As most recommended treatment regimens now consist of a 14-day course of triple 
or quadruple therapy, repeat urea breath or stool testing should be performed 
4 weeks after initiation of treatment to allow for completion of the regimen as well 
as 2 weeks off PPI to improve specificity. Patients can be switched to H2 blockers 
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prior to retesting to minimize false-negative results [25]. Repeat endoscopy should 
be performed in 12 weeks to assess resolution of the ulcer.

The use of fluoroscopic upper GI study with barium has a limited role in the 
evaluation of peptic ulcer disease. Endoscopic evaluation is preferred when avail-
able due to the ability to biopsy for both H. pylori testing as well as for malignancy. 
Barium radiography can evaluate for gastric outlet obstruction, but this would also 
be seen on endoscopy. Ulcers appear round or oval on barium radiograph with sec-
ondary changes including deformities of the affected region due to edema or scar-
ring [26, 27].

 Summary

Despite decreasing prevalence in the last few decades, peptic ulcer disease remains 
a common and morbid condition that can manifest as GI bleeding, perforation, or 
gastric outlet obstruction if undiagnosed and untreated. The two primary inciting 
factors include H. pylori infection and NSAID use. The mainstay of evaluation of 
peptic ulcer disease is esophagogastroduodenoscopy with laboratory testing for H. 
pylori. After completion of treatment with either treatment for H. pylori or with-
drawal of offending agents such as NSAIDs or smoking, repeat testing and EGD 
should be performed to ensure adequate resolution of peptic ulcer disease.

Table 53.1 Diagnostic tests for H. pylori

Test Sensitivity (%) Specificity (%) Comments
Noninvasive tests
Serologic ELISA 85 79 Detects exposure to H. pylori but 

cannot be used to confirm 
eradication of infection

Urea breath test 95–100 91–98 Recommended for both screening 
and confirmation of eradication of 
infection. Antibiotics and PPIs can 
increase false-negative results

Stool antigen test 91–98 94–99 Can be used for both screening and 
confirmation of eradication of 
infection

Invasive tests (endoscopy with biopsy)
Histology >95 95–98 Sensitivity can be improved by 

taking at least 2 biopsies from 
antrum and 1 from the body of the 
stomach

Rapid urease test 93–97 95–100 Reduced accuracy in patients with 
active GI bleeding

Culture 70–80 100 Technically demanding and 
sensitivity may vary by laboratory

Adapted from Greenberger et al. [28]. Table 15.2
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54Risk Factor Modification in Patients 
with Peptic Ulcer Disease

Ioana Baiu and Dan E. Azagury

 Introduction

A “peptic ulcer” refers to a defect in the gastric or duodenal mucosa and submucosa 
caused by an imbalance between injurious factors and defense mechanisms in the 
GI tract. Injury to the gastric or duodenal lining can be caused by a number of fac-
tors that alter the delicate acid equilibrium. These include infections, medications, 
acid hypersecretion, and environmental aggressors such as smoking, alcohol, and 
diet. Although the incidence of uncomplicated PUD is approximately 1 case per 
1000 person-year [1], it accounted for nearly 4000 deaths in 2004  in the United 
States alone [2]. The economic impact of PUD reaches $6 billion per year in the 
United States [3]. The burden of disease is much higher globally than in the United 
States [4]. Unlike many other medical conditions, PUD has been very clearly linked 
to a limited number of causative factors. Prevention, early identification, and treat-
ment of these injurious mechanisms can significantly decrease the morbidity and 
mortality in affected patients. In this chapter, we discuss the main risk factors that 
predispose to peptic ulcer disease and management of these conditions.
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 Pathophysiologic Risk Factors

 Infection

Perhaps one of the most clearly elucidated causes of peptic ulcer disease is the 
infection with Helicobacter pylori, a Gram-negative microaerophilic bacterium that 
is nearly ubiquitous in the general population. The prevalence of infection depends 
on age, socioeconomic status, and country and is estimated to be anywhere from 
20–50% in industrialized countries and 50–80% in developing countries [5]. The 
infection is transmitted via oral ingestion and clusters within families. H. pylori is 
thought to be responsible for 90% of PUD development and is the leading cause of 
chronic gastritis and gastric cancer [6]. While the acidic environment of the gastric 
mucosa allows protection from most bacterial infections, H. pylori has developed 
sophisticated mechanisms to avoid the host defense systems. These include special-
ized proteins that allow it to manipulate host signaling cascades, bind to gastric 
epithelial cells, and evade the immune system, while causing low-grade inflamma-
tion [7]. With time, and depending on a variety of host factors, this chronic inflam-
mation can lead to metaplasia, dysplasia, and subsequently carcinoma. The World 
Health Organization classifies H. pylori as a class I carcinogen because of its strong 
association with gastric adenocarcinoma and lymphoma [8, 9].

While the pathogenesis of H. pylori infection is quite complex and beyond the 
scope of this textbook, there are several mechanisms that are clinically important to 
understand as they contribute to the development of gastric and duodenal ulcers. 
Chief among them is the production of the enzyme urease, which converts urea into 
bicarbonate and ammonia. This creates an alkaline buffer around the organism that 
protects it from the bactericidal activity of the stomach. The ammonia that is pro-
duced as a result is damaging to the mucosal lining. Furthermore, the bacterium has 
been shown to inhibit the secretion of somatostatin from the antral D-cells; soma-
tostatin is an inhibitor of G-cell gastrin secretion. The result is hypergastrinemia and 
acid hypersecretion, leading to parietal cell hyperplasia and gastric metaplasia. 
Infection in the duodenum leads to a decrease in the normal bicarbonate secretion 
in response to acidic chyle, leading to duodenal metaplasia [7, 10].

Although a majority of the population is infected with H. pylori, only a small 
percentage will develop complications. As such, the American College of 
Gastroenterology recommends testing for H. pylori only in specific circumstances, 
arguing against routine screening for the population at large [11]. In general, all 
patients with PUD should be tested for H. pylori. Table 54.1 illustrates the current 
indications for diagnosis and treatment.

The diagnosis of H. pylori is relatively inexpensive and can be performed either 
via noninvasive methods or invasive tests, depending on the clinical scenario. The 
noninvasive methods include urea breath test, stool antigen assays, and serologic 
tests. These tests are ideal for detecting uncomplicated PUD. With a sensitivity and 
specificity of >90%, the urea breath test is a qualitative study that detects active 
infection and relies on high urease activity during active infection in the stomach. It 
is a good initial screen as well as an easy means of confirming eradication following 
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treatment. Similarly, stool antigen testing has a sensitivity of 89–98% and specific-
ity >90% [12]. This assay can also be used to confirm eradication, with the caveat 
that at least 8  weeks must pass between completion of treatment and retesting. 
Serologic testing for IgG against H. pylori is highly sensitive (90–100%) but not 
specific (76–96%), and the positive predictive is highly dependent on the prevalence 
of infection within a certain population [13]. This is not a practical test in countries 
such as the United States where the prevalence is relatively low, and a positive test 
would not be indicative of an active infection. One scenario in which serologic test-
ing may be useful is to confirm eradication of infection by proving seroconversion 
from positive to negative serology [14]; however, at least 18 months must pass after 
completion of treatment and the sensitivity of detecting seroconversion was only 
60%. Other testing modalities such as PCR, salivary assays, urinary assays, and 
13C-urea breath test exist, but none of them have been shown to be of particular 
value and are rarely used.

Invasive testing, such as endoscopy, is indicated in clinical scenarios where 
patients present with gastrointestinal bleeding or anemia. Active infection can be 
detected using a biopsy urease test, bacterial culture, or histology. The biopsy ure-
ase test relies on the bacterium’s ability to secrete urease and create an alkaline 
buffer around itself. The sensitivity is 90–95% and specificity 95–100% [11]. 
Bacterial culture has not proven to be an initial test of choice because H. pylori is 
notoriously difficult to grow. However, it may be useful in patients with refractory 
infection, as there are reports of resistance to treatment. Lastly, histological diagno-
sis allows for detection of the bacteria as well as screening for secondary changes 
associated with infection such as dysplasia or metaplasia. Not surprisingly, any 
diagnostic testing that relies on biopsies is subject to sampling error; furthermore, 
the accuracy of these tests is decreased in patients taking proton pump inhibitors 
(PPIs). Lastly, it is important to recognize that repeat endoscopy is not recom-
mended to test for eradication for simple peptic ulcers, and other noninvasive tests 

Table 54.1 Current 
indications for diagnosis and 
treatment of H. pylori

Established
  Active peptic ulcer disease (gastric or duodenal ulcer)
  Confirmed history of peptic ulcer disease (not previously 

treated for H. pylori)
  Gastric MALT lymphoma (low grade)
  After endoscopic resection of early gastric cancer
  Uninvestigated dyspepsia (depending upon H. pylori 

prevalence)
Controversial
  Nonulcer dyspepsia
  Gastroesophageal reflux disease
  Persons using nonsteroidal antiinflammatory drugs
  Unexplained iron deficiency anemia
  Populations at higher risk for gastric cancer

Source: American College of Gastroenterology guideline on 
the management of Helicobacter pylori infection [11]
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can be used instead if necessary. However, in patients with refractory PUD, repeat 
endoscopy is warranted to increase sampling opportunities, document healing, or 
identify the presence of neoplasms.

 Hormonal Factors

Any process that leads to a pathologic increase in acid secretion can predispose to 
ulcer formation. The most classic hormonal imbalance that contributes to PUD is 
caused by gastrinomas. As the name suggests, these are functional neuroendocrine 
tumors that secrete gastrin, which causes excessive amounts of acid to be secreted. 
This leads to damage to the GI mucosa as well as malabsorption secondary to inac-
tivation of bicarb and other digestive enzymes. The constellation of symptoms asso-
ciated with these tumors are also referred to as Zollinger-Ellison (ZE) syndrome. 
Suspicion for these tumors should be raised when patients present with weight loss, 
diarrhea, steatorrhea, multiple ulcers, ulcers in the setting of negative H. pylori and 
NSAID use, or a family history of multiple endocrine neoplasia type I (MEN I) 
[15].

Gastrinomas are typically located in the pancreas (60%) or the duodenum (30%) 
and represent an important cause of duodenal ulcers. The diagnosis can be made by 
measuring a fasting gastrin level that is typically tenfold the upper limit of normal 
[16]. If the gastrin level is normal but there is persistent high suspicion for gastri-
noma, a secretin test can be performed. Whereas normal gastric G cells are inhibited 
by secretin, gastrinoma tumor cells have an exaggerated gastrin release that can be 
diagnostic in these patients [17]. There are rare conditions of gastric G-cell hyper-
plasia or retained antrum syndrome after surgical gastrectomy. Both conditions can 
present with hypergastrinemia and PUD, but in neither case would there be a signifi-
cant response to secretin stimulation test. It is worth mentioning that the widespread 
use of PPIs has led both to a delay in diagnosis and an increase in false-positive rates 
during secretin stimulation [18]. Patients with mild symptoms can be temporarily 
transitioned to a high-dose H2 receptor antagonist for one week prior to the secretin 
stimulation test; in patients with severe symptoms of Zollinger-Ellison syndrome, 
the risk of interrupting antacid medications and having a massive GI bleed or perfo-
ration from a duodenal ulcer is too great and not recommended [19].

 Patient Comorbidities

“Stress ulcers” are essentially peptic ulcers that occur in critically ill patients. 
Traditionally, these are seen in patients with severe burns, trauma, sepsis, or multior-
gan failure on mechanical ventilation. Recent data suggest that even stressors associ-
ated with hospital admissions can lead to GI mucosal injury. The relationship between 
critically ill patients and gastric erosions is determined by mucosal blood flow to the 
GI tract. Hypotension or inadequate perfusion leads to decreases in blood flow to 
areas of the gut that are important for maintaining the mucosal barrier and buffer 
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from the damaging effects of acid. Refluxed bile salts and uremic toxins can also 
contribute to gastrointestinal mucosal damage.

Inflammatory or infiltrative diseases such as sarcoidosis, Crohn’s disease, eosin-
ophilic gastroduodenitis, systemic mastocytosis, hypersecretory duodenal ulcer 
have also been associated with peptic ulcer development, although the mechanisms 
are not entirely clear. Similarly, organ transplantation, diabetes mellitus, cirrhosis, 
and renal disease have also been implicated as risk factors for gastroduodenal ulcer 
development. However, some of these associations may be confounded by the 
effects of medications used to treat these conditions. Radiation therapy has also 
been shown to cause both gastric and duodenal ulcerations. Lastly, there is a very 
small proportion of patients who present with “idiopathic ulcers,” in which none of 
the abovementioned factors can be diagnosed.

 Environmental Risk Factors

 Medications

Nonsteroidal anti-inflammatory drugs (NSAIDs), including aspirin, represent 60% 
of the over-the-counter sales for analgesics in the United States. At least 70% of 
people over age 65 take NSAIDs, and half of them take at least 7 doses/week [20]. 
It has been shown that nearly half of patients who use these medications regularly 
have gastric erosions and that up to 30% of them have ulcers on endoscopy [21]. 
Despite this, the FDA accredits only 1–4% per year risk of a significant gastrointes-
tinal event such as bleeding, perforation, or pyloric obstruction in patients who rou-
tinely use NSAIDs. Risk factors for developing PUD in patients who use NSAIDs 
include not only the dose, duration of action, and duration of therapy but also extrin-
sic elements such as age, concomitant treatment with other medications (e.g., ste-
roids, anticoagulants, selective serotonin reuptake inhibitors, alendronate), 
comorbidities including H. pylori infection, and even genetic polymorphisms that 
predispose to ulcerogenic side effects [21].

NSAIDs lead to ulcer formation through several mechanisms, including direct 
damage to the mucosa, suppression of prostaglandin synthesis, reduction of gastric 
mucosal blood flow, inhibition of mucosal regeneration, and delay in healing [22].

Steroids alone have not been specifically shown to cause PUD. However, they do 
increase the risk of bleeding in patients with existing ulcers. Even a short 7-day 
course of glucocorticoids has been shown to increase the risk of bleeding in patients 
with existing ulcers [23]. This effect was even higher in patients taking NSAIDs or 
aspirin.

 Smoking

Epidemiologically, the risk of PUD is twice as high in smokers compared to non-
smokers. The effects of nicotine on the development of gastroduodenal ulcers are 
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manyfold and include stimulation of gastric acid secretion via activation of H2 
receptors, decrease in gastric mucus production and defense mechanisms, oxidative 
stress, and inhibition of gastric cell renewal to name a few [24]. In addition, smok-
ing potentiates the ulcerogenesis associated with the use of NSAIDs, as well as H. 
pylori infection, and alcohol. It is important to mention that although alcohol is 
often mentioned as a risk factor for peptic ulcer development, there is no confirma-
tory data to support this claim.

 Other Risk Factors

There are many other risk factors associated with the development of peptic ulcer 
disease. These include mechanical causes such as magnet and battery ingestions. 
Vascular compromise caused by use of cocaine and methamphetamines has also 
been shown to be linked to gastric and duodenal erosions.

 Management

 H. pylori Treatment

It is important to remember that, despite its prevalence and pathogenicity, only 3% 
of people infected with H. pylori develop PUD [25]. The goal of therapy is eradica-
tion of the infection, although up to 20% of patients will likely redevelop ulcers in 
the future [26]. Because the antibiotic treatments are needed to work within highly 
acidic gastric mucosa and many of them are inactivated in this environment, antac-
ids such as proton pump inhibitors and H2 blockers are used to increase effective-
ness of the treatment. In addition, in order to prevent the development of resistance 
in the versatile genome of H. pylori, two antibiotic regiments are typically used. 
Hence, the treatment of H. pylori is commonly referred to as “triple therapy,” mean-
ing two antibiotics and an antacid used together to effectively maximize therapeutic 
potential with minimal induction of bacterial resistance. Table 54.2 illustrates cur-
rent treatment recommendations for H. pylori [27].

First-line therapies include a PPI, such as omeprazole or lansoprazole, and two 
antibiotics such as amoxicillin and clarithromycin or metronidazole or a nitroimid-
azole and clarithromycin. Multiple randomized controlled trials have shown equiva-
lence of any of the above regimens [28]. The recommended duration of therapy is 
14 days to achieve 80% cure rate based on intention-to-treat analyses [28]. Ranitidine 
bismuth citrate with clarithromycin and bismuth with metronidazole and tetracy-
cline are also valid options [13]. Persistence of infection despite initial treatment is 
due either to non-adherence or antibiotic resistance. The latter is problematic as 
cultures are not routinely performed, and, thus, susceptibility data is typically not 
available. As such, a second course of triple therapy can be prescribed, ideally using 
different antibiotics than in the initial regimen.
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Table 54.2 2017 American College of Gastroenterology guidelines for treatment of H. pylori [27]

Clarithromycin, amoxicillin or metronidazole, PPI x 14 days*

- OR –

Bismuth, Tetracycline, nitroimidazole, PPI x 10-14 days**

- OR –

Clarithromycin, amoxicillin or nitroimidazole, PPI x 10-14 days

- OR –

Amoxicillin and PPI x 5-7 days, followed by clarithromycin,
nitroimidazole, PPI x 5-7 days

- OR –

Amoxicillin and PPI x 7 days, followed by amoxicillin, clarithromycin,
nitroimidazole and PPI x7 days

- OR –

Levofloxacin, amoxicillin, PPI x 10-14 days

- OR –

Amoxicillin and PPI x 5-7 days, followed by fluoroquinolone,
nitroimidazole, PPI x 5-7 days

* if clarithromycin resistance <15%

** in patients allergic to penicillin
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 Managing Hormonal Causes of PUD

In patients who present with peptic ulcers caused by acid hypersecretion from an 
underlying gastrinoma, the treatment focuses on treating the underlying etiology. 
Acid suppression with proton pump inhibitors is paramount to preventing mortality 
and morbidity in patients with Zollinger-Ellison syndrome [15]. Surgical options 
are also available and should be considered in patients without metastases. Radiation 
therapy is available for those who are not surgical candidates.

 Patient Comorbidities

With the advent of PPIs and H2 blockers, stress ulcer prophylaxis has dramatically 
decreased the incidence of peptic ulcer disease in critically ill patients. The latest 
guidelines for prophylaxis in severe illness recommend the use of PPIs in the pres-
ence of a history of GI ulceration within the past year, mechanical ventilation × 48 h 
or more, coagulopathy (platelet count <50,000/m3 [3], INR > 1.5 or PTT > 60), 
traumatic brain injury, spinal cord injury or burn injury, or two of the following: 
sepsis, ICU stay >7 days, GI bleeding, or use of steroids. Nevertheless, cautious use 
should be enforced as the latest data emphasize the risk of nosocomial pneumonia, 
Clostridium difficile infection, drug interactions, and thrombocytonemia associated 
with unnecessary use of antacids [29].

 Medications Use

Patients with risk factors for development of peptic ulcer disease should avoid the 
use of NSAIDs. COX-2 inhibitors have been linked to a lower risk of PUD com-
pared to NSAIDs, but the risk is still higher than placebo [30]. Furthermore, both 
classes of medications inhibit ulcer healing and therefore are contraindicated in 
patients with PUD. Ideally, the use of such medications should be paused during 
treatment of PUD to allow for adequate healing. The same is valid for antiplatelet 
agents such as clopidogrel and aspirin.

The interaction between NSAIDs and H. pylori in patients with PUD is complex 
and not yet fully elucidated. Numerous studies that investigated this relationship 
have shown correlation, but not causation of increased risk of PUD in this patient 
population. Nevertheless, the American College of Gastroenterology agrees that 
there is a potential synergy between NSAID use and H. pylori infection. The current 
recommendations are to test and treat the infection prior to initiation of long-term 
NSAID therapy, particularly in patients with other risk factors for PUD.

 Environmental Risk Factor Management

The prevention of peptic ulcer disease caused by environmental factors focuses on 
avoidance of injurious insults. Smoking cessation, avoidance of mechanical 
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injurious entities, and abstinence from any drugs that can lead to vascular compro-
mise can be equally important in prevention of PUD.

 Conclusion

While the majority of peptic ulcers are caused by infection with H. pylori or 
NSAID use, there are many other risk factors that deserve consideration. 
Prophylaxis or treatment against these various injurious elements can signifi-
cantly decrease morbidity and mortality in affected patients.
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55Medical Management of Peptic Ulcer 
Disease

Ashley H. Vernon

 Introduction

Peptic ulcers remain a common pathology found in the USA. With the identification 
of Helicobacter pylori and nonsteroidal anti-inflammatory drugs (NSAIDs) as major 
contributing factors in the formation of peptic ulcers, targeted medical management 
has become much more effective in mitigating severe complications [1]. The wide-
spread use of H2 receptor antagonists (H2RAs), proton pump inhibitors (PPIs), and 
H. pylori eradicating regimens has significantly decreased the need for surgical inter-
vention [2–4]. Due in large part to these advancements, there has also been a signifi-
cant decline in the number of hospitalizations for peptic ulcer disease (PUD) in the 
USA decreasing from 222,000 to 156,000 (29.9%) from 1993 to 2006 [1].

 Treatment

 H. pylori Ulcers

Helicobacter pylori infection is the most common etiology of peptic ulcer disease. 
Ulcers associated with H. pylori may resolve spontaneously; however, many will 
persist or worsen without treatment. Although H. pylori ulcers may heal with the 
use of anti-secretory therapy alone, most will recur if the H. pylori infection is not 
treated [5]. Treatment with an H. pylori eradication regimen is highly effective at 
healing ulcers and preventing recurrence [6, 7]. The most effective treatment regi-
mens utilize at least a triple-drug therapy which typically includes the use of 
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antibiotics with a proton pump inhibitor (PPI). The use of concomitant antacid ther-
apy is critical to the effectiveness of the regimen as the elevation in gastric pH 
encourages H. pylori to enter a replicative state which increases antibiotic effective-
ness [8]. A major challenge to successful management of H. pylori infection is the 
increasing rate of antibiotic resistance emerging worldwide, especially to the classi-
cally used drug clarithromycin [9].

Historically in the USA, the first-line therapy involved a triple-drug regimen 
which is comprised of clarithromycin 500 mg BID and amoxicillin 1 g BID plus 
standard-dose PPI (omeprazole 20 mg or pantoprazole 40 mg) administered twice 
daily for 10–14 days. Multiple meta-analyses have demonstrated that 14-day triple- 
therapy regimens increase cure rates when compared to 7- or 10-day alternatives 
[10–13]. However, with the rise of clarithromycin resistance, eradication rates of 
less than 80% are now being documented throughout the globe. As the USA is now 
considered to be an area of high clarithromycin resistance (15–40%), the majority 
of US clinicians favor the use of a quadruple drug regimen as first-line therapy [14].

The most commonly prescribed “quadruple regimen” contains bismuth and is 
recommended as second-line therapy in areas without clarithromycin resistance; 
however, in areas with high rates of clarithromycin resistance, the “quadruple regi-
men” should be considered as the therapy of choice. The dosing for the “quadruple 
regimen” is bismuth subsalicylate 525 mg QID, metronidazole 250 mg QID, and 
tetracycline 500 mg QID plus standard-dose PPI twice daily for 10–14 days [14]. A 
non-bismuth-containing quadruple regimen described as concomitant therapy may 
also be considered as first- or second-line options especially in areas of high clar-
ithromycin and metronidazole resistance. Concomitant therapy includes a 14-day 
course of amoxicillin 1  g BID, clarithromycin 500  mg BID, and metronidazole 
500 mg BID plus standard-dose PPI twice daily. Quadruple regimens have been 
shown to provide H. pylori cure rates of greater than 90% when used as first-line 
therapy [15, 16].

Alternative regimens include fluoroquinolone-based therapies as well as sequen-
tial therapies. The most commonly used fluoroquinolone-based regimen involves 
levofloxacin 500 mg BID and amoxicillin 1 g BID plus twice-daily standard-dose 
PPI for 10–14 days. Given increasing rates of fluoroquinolone resistance, this regi-
men is not recommended for use as an option for first-line therapy [14]. As a second- 
line regimen, cure rates of ~80% are seen [17]. Sequential therapy is another option 
that can be utilized in those who fail first-line therapy. It refers to a split regimen 
which consists of two consecutive periods of 5–7-day treatments. This regimen 
typically involves a twice-daily standard-dose PPI and amoxicillin 1 gm daily for 
the first treatment period and then standard-dose PPI BID, clarithromycin 500 mg 
BID, and metronidazole 500 mg BID for the next period of 5–7 days. Sequential 
therapy has been shown to reach higher cure rates than 7- or 10-day triple therapies, 
but it has not been shown to be as efficacious as 14-day triple therapy [18, 19].

Proton pump inhibitors should be continued for 8–12 weeks in patients with any 
gastric ulcer triple/quadruple therapy and in patients with complicated duodenal 
ulcers for 4–8 weeks. No further PPI therapy is typically needed in patients with 
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uncomplicated duodenal ulcers after the antibiotic regimen. Over one in five treated 
with an H. pylori eradication regimen will fail to clear the infection [20]. Therefore, 
4 or more weeks after treatment, it is vital to confirm the eradication of H. pylori in 
all patients, typically with a urea breath test; however, fecal antigen testing is an 
option, especially useful for patients with an excluded stomach such as Roux-en-Y 
gastric bypass [14].

 NSAID Ulcers

NSAIDs cause ulcers through a variety of mechanisms including a topical irritant 
effect on the epithelium and interference with mucosal barrier properties. The man-
agement of NSAID-associated ulcers should begin with the termination of the 
NSAID therapy, if at all possible. If the NSAID cannot be discontinued, the lowest 
possible effective dose should be prescribed and an attempt should be made to con-
sider a change to the least ulcerogenic medication. Indomethacin, naproxen, diclof-
enac, and piroxicam have been shown to have higher rates of ulcer formation among 
the NSAIDs [21]. Alternatively, tenoxicam, ibuprofen, and meloxicam are consid-
ered some of the less ulcerogenic NSAIDs; however, ulcer formation can still occur 
with high-dose usage and in high-risk populations, especially the elderly [21]. 
Selective COX-2 inhibitors can also be used to reduce the risk of ulcer recurrence or 
exacerbation [22]. These NSAIDs specifically target cyclooxygenase-2. This is an 
advantage over nonselective NSAIDs which also inhibit cyclooxygenase-1 which is 
important in gastrointestinal mucosal barrier protection. The widespread use of 
COX-2 inhibitors, however, is limited by a possible increased risk of thromboem-
bolic events [23].

In all instances, a PPI should be started to assist in ulcer healing because intra-
luminal acid impairs ulcer healing. Multiple studies have demonstrated the supe-
riority of PPIs over H2 receptor antagonists (H2RA) especially in the setting of 
continued NSAID use [24, 25]. In the ASTRONAUT trial, 541 patients with 
NSAID-associated ulcers were randomized to groups treated with omeprazole 
20 mg or 40 mg daily or ranitidine 150 mg BID for 8 weeks. At 8 weeks, the ulcer 
healing rate was significantly improved in both groups taking omeprazole 80% 
for the 20  mg group and 79% for the 40  mg group compared to 63% for the 
ranitidine group [25]. In another double-blind, randomized study from Agrawal 
et al., 315 patients with NSAID- associated gastric ulcers were treated with lan-
soprazole 15 mg or 30 mg daily or ranitidine 150 mg BID for 8 weeks. After 
8 weeks, there was also a significantly increased rate of healed ulcers among the 
PPI group (69% in the 15 mg group and 73% in the 30 mg group) as compared 
to the H2RA group (53%) [24]. In summary, patients with NSAID ulcers should 
remain on PPIs for at least 8 weeks after discontinuing NSAID usage. If patients 
cannot discontinue NSAIDs, they should remain on PPI therapy, if possible, to 
prevent ulcer recurrence.
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 Idiopathic Ulcers

Patients with non-H. pylori, non-NSAID ulcers should be treated with at least a 4–8-
week regimen of PPIs. If no cause can be identified, these patients may require high-
dose maintenance therapy to prevent ulcer complication and recurrence [26]. 
Sucralfate now plays a minor role in the treatment of peptic ulcers but maybe helpful 
in treating severe refractory non-H. pylori, non-NSAID ulcers in combination with 
PPIs. This medication is most often used as prophylaxis against stress ulceration. 
Sucralfate is generally ingested orally forming a cross-linking, viscous paste in 
acidic environments that creates a physical barrier over the gastrointestinal tract pro-
tecting the mucosa from further damage from acid, pepsin, and bile. It has also been 
shown to stimulate angiogenesis as well as the formation of granulation tissue [27].

All smokers with ulcers should be encouraged to quit indefinitely given its effects 
on gastrointestinal microcirculation and impairment of ulcer healing.

 Complications

 Bleeding

Bleeding peptic ulcers are associated with high morbidity as well as mortality. It is 
the most common complication identified in patients with PUD. Patients may present 
with hematemesis, melena, dizziness, syncope, and hemodynamic compromise. It is 
vital that these patients are adequately resuscitated with fluids and/or blood products 
immediately. All anticoagulants should be stopped, and any coagulopathy should be 
corrected. These patients should undergo upper endoscopy within 24 h of presenta-
tion with the goal of diagnosing as well as possibly treating the source of bleeding. 
Endoscopic options for control of ulcer bleeding include epinephrine injection, ves-
sel coagulation, and hemostatic clipping. In patients with endoscopic findings con-
cerning for a high risk of rebleed such as active spurting, active oozing, a nonbleeding 
visible vessel, and adherent clot, endoscopic therapy should be administered and a 
PPI infusion should be given for at least 72 h [28]. In the absence of treatment, sig-
nificant bleeding will ensue in ~25% of patients with active oozing, ~35% of patients 
with a nonbleeding visible vessel, and ~60% of those with active spurting [29]. 
Endoscopic therapy is generally unnecessary for ulcers with a flat pigmented spot or 
clean base as they are at low risk of recurrent bleeding. The first time the ulcer 
rebleeds, endoscopy should be repeated. In the small number of patients with persis-
tent or recurrent bleeding despite endoscopic therapy, interventional angiography 
should be considered. The use of transarterial embolization is a significantly less 
invasive and less morbid alternative to surgery. However, surgery will be required in 
the event of therapeutic failure or the absence of interventional radiology.

 Perforation

Perforations due to PUD occur only in about 10% of cases in developed countries 
[30]. Ulcer perforation tends to occur more in those with duodenal as compared to 

A. H. Vernon



657

gastric ulcers, NSAID and aspirin users, and cigarette smokers. Patients fre-
quently present with sudden, severe upper abdominal pain and subsequent perito-
nitis due to leakage of air and intraluminal contents into the peritoneal cavity. This 
pain may initially improve; however, typically the pain will again worsen signifi-
cantly after several hours. Upright chest and abdominal plain films may demon-
strate free air; however, currently the diagnosis of perforation is often made by CT 
scan. Patients are treated with an IV PPI and broad-spectrum antibiotics. The 
decision will be made to take many of these patients to surgery; however, some 
patients may be effectively managed conservatively if stable, without peritonitis, 
and have evidence of a perforation which is contained. In a retrospective review 
by Tanaka et al., 183 patients were identified to have a perforated gastric ulcer. Of 
the 57 patients that underwent conservative management, 41 (72%) were success-
fully treated [31]. In a prospective randomized trial by Crofts et al., 83 patients 
were identified with perforated peptic ulcers, and 40 of these patients were ran-
domized to a conservative treatment group with nasogastric tube suction, IV anti-
biotics, and ranitidine, while the remaining 43 patients underwent laparotomy. 
The mortality was the same in both groups with two deaths in each. Among the 
patients in the conservative treatment group, 28 percent required surgery as a 
result of failure to improve after 12 h. The remainder of the conservative group, 
however, were successfully managed [32].

 Gastric Outlet Obstruction

In developed countries, gastric outlet obstruction (GOO) is a rare complication of 
peptic ulcer disease seen in less than 3% of cases. Nevertheless, it is still the most 
common indication for surgical intervention of PUD in the developing world. 
GOO often results as a consequence of severe pyloric channel or duodenal ulcer-
ation. The obstruction occurs due to a combination of fibrosis, inflammation, and 
spasm. Patients may present with postprandial emesis, upper abdominal pain, 
early satiety, and abdominal distension. Due to persistent vomiting, a hypokale-
mic, hypochloremic metabolic alkalosis may be present and should be corrected 
with intravenous normal saline. The diagnosis of GOO may be achieved through 
abdominal CT scan and upper endoscopy. Biopsies should be obtained if there is 
evidence of GOO on endoscopy to rule out malignancy and to evaluate for H. 
pylori. Patients should undergo nasogastric decompression and treatment with IV 
PPIs. If symptoms continue despite medical management, patients may require 
endoscopic balloon dilatation therapy. Historically, long-term outcomes after bal-
loon dilatation have been poor; however, many of these studies were completed 
prior to the development of PPIs and the discovery of H. pylori as a major etio-
logical agent in PUD [33, 34]. In a more recent observational study by Cherian 
et al., 23 patients with PUD-associated GOO were managed conservatively with 
H. pylori eradication if indicated and PPIs with favorable outcomes. Twenty-one 
patients were successfully treated with balloon dilatation with no further symp-
toms at a median follow-up of 43 months [35].
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56Surgical Management: Truncal, 
Selective, and Highly Selective 
Vagotomy

Leena Khaitan and Adil Haleem Khan

 Introduction

Peptic ulcer disease is a common cause of epigastric pain. Every general surgeon 
must be familiar with the treatment options available to manage the disease. In the 
past, surgical management of ulcer disease was a common practice. However, 
since the advancement in medical therapy and its success in managing patients 
with PUD, the number of surgical procedures being performed for ulcer disease 
has dramatically decreased. Historically, indications for surgical management of 
PUD included intractable pain, obstruction, bleeding, and perforation. In recent 
times, medical management has made surgery almost obsolete for the first two 
indications with surgery being performed primarily for the latter two scenarios in 
an emergency setting [1, 2].

It is not possible to understand the concept of surgical vagotomy without having 
some basic knowledge of gastric acid secretion and the anatomy of the vagus nerves 
and its branches.

 Gastric Acid Secretion

Secretion of gastric acid is divided into three phases. The cephalic phase starts 
with mere sight or smell of food. It is primarily mediated by the vagus nerve. 
The vagus nerve then activates chief cells to release acid. It also activates 
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enterochromaffin-like cells (ECL) and G-cells in the antrum to stimulate release 
of gastric acid by releasing histamine and gastrin, respectively. This phase is 
responsible for about 25% of acid output. Next is the gastric phase which is 
responsible for the majority of gastric acid output. It is also primarily mediated 
by the vagus nerve and also by local activation of stimulatory peptides by break-
down products in chyme. The last phase is the intestinal phase which is respon-
sible for only 5–10% of acid secretion and is primarily mediated through 
chemical stimulation of peptides and amino acids entering the small bowel [3] 
(Fig. 56.1).
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 Anatomy of Vagus Nerves

The right and left vagus nerves are located posterior and anterior to the esophagus, 
respectively, due to the embryological clockwise rotation of the foregut. Both 
nerves descend along the esophagus and enter the abdomen through diaphrag-
matic hiatus. The anterior vagus nerve is closely adherent to the esophagus and 
can have one or more trunk or form a plexus at the level of the hiatus. The poste-
rior vagus nerve can be up to one centimeter away from the esophagus and usually 
has only one trunk. The anterior vagus nerve gives off two terminal branches. 
These include the hepatic branch that runs in the gastrohepatic ligament and the 
principal gastric branch or nerve of Latarjet that runs along the lesser curve. The 
nerve of Latarjet gives off five to seven gastric branches that supply the stomach 
and have a characteristic crow’s foot appearance along the lesser curve. This nerve 
continues off to supply the pylorus. The posterior vagus gives off a sizeable branch 
right after emerging through the hiatus or sometimes above the hiatus called the 
criminal nerve of grassi. This must be identified during vagotomy as this is 
believed to result in ulcer recurrence if not sacrificed during the procedure. It also 
gives branches to the celiac axis and then continues down as the posterior nerve 
of Latarjet [4, 5].

 Surgical Management

As mentioned previously, the surgical management of ulcer disease has been largely 
limited to emergency management of complications including bleeding and perfo-
ration. Obstructions still do occasionally occur due to ulcer disease. In the past 
vagotomy was recommended at the time of surgical management of ulcer complica-
tions to decrease risk of recurrence. Nowadays, preference is given to emergency 
management, diagnosis and treatment of H. pylori, and acid blocking medications 
before planning vagotomy to avoid the complications of vagotomy.

Three types of vagotomies are described: truncal vagotomy (TV), selective 
vagotomy (SV), and highly selective vagotomy (HSV). The schematic diagram 
shows location for these three types of vagotomies (Fig. 56.2).

While these operations were classically performed as open procedures, success-
ful cases of laparoscopic vagotomies have been described in literature [6, 7]. We 
describe details of the laparoscopic approach to these vagotomies.

 Port Placement

Port placement is key to successful foregut surgery. We utilize five incisions. The 
initial port is a 10 mm trocar which is placed 15 cm below the xiphoid just to the left 
of midline using a direct cutdown technique. This is the camera port. The abdomen 
is insufflated to allow placement of the remaining ports under direct visualization. 
A subxiphoid incision is used for placement of a Nathanson liver retractor. A 12 mm 
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port is placed 10 cm from xiphoid process in subcostal area in the left midclavicular 
line off of the costal margin. A 5 mm port is placed in the left anterior axillary line 
off of the left costal margin. Finally a 5 mm port is placed 4 fingerbreadths from 
xiphoid process on the right side with entry at the base of the falciform below the 
left lobe of the liver.

 Exposure

The abdomen is entered using an open Hasson technique and insufflated with CO2 
to a pressure of 15 mm Hg. A liver retractor is placed to retract left lobe of the liver 
and expose the hiatus. Using hook electrocautery, we incise the pars flaccida and 
open it in a horizontal fashion above the hepatic branch of the vagus. It is opened in 
a transverse fashion below the hepatic branch. We preserve the hepatic branch of the 
vagus routinely. The peritoneum overlying the medial border of the right crus is 
opened and we enter the mediastinum. A retroesophageal window is created to 
expose the left crus. The esophagus is mobilized in a circumferential fashion by dis-
secting along the border of the crura. At this point the anterior vagus can be identi-
fied overlying the esophagus. The posterior vagus is noted along the posterior 
esophagus.

a

b

c

A - Truncal vagotomy
B - Selective vagotomy
C - Highly selective vagotomy

Fig. 56.2 Anatomy of 
vagus nerves and their 
branches
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 Vagotomy Techniques

After adequate dissection, traction with a Penrose is used on the esophagus to expose the 
anterior and posterior vagi. For truncal vagotomy, 2–3 cm of each nerve is clipped and 
transected above the level of GE junction (Fig. 56.2). These transected segments should 
be sent to pathology to confirm that the nerves have been transected. Since this proce-
dure also interrupts the motor fibers to the pylorus and can lead to gastric outlet obstruc-
tion, it must be combined with a drainage procedure such as a pyloroplasty. Alternatively 
one can resect the gastric antrum to decrease acid output. With distal gastrectomy, 
reconstruction is accomplished with either Billroth I or Billroth II reconstruction. The 
details of these procedures are described in another chapter.

For selective vagotomy, the vagal nerves are transected distal to the LES 
(Fig. 56.2). Gastric emptying is also a concern with these procedures and a drainage 
procedure is usually added.

For highly selective vagotomy, the hiatal dissection is omitted, and trocar placement 
is the same as described. Highly selective vagotomy (HSV) divides only the gastric 
branches of the vagus nerves and preserves the innervation to the pylorus, thereby obvi-
ating need for any drainage procedure (Fig. 56.2). It is performed by identifying nerves 
of Latarjet and then dividing the nerves supplying the stomach. These branches are pres-
ent in the classic crow’s foot configuration and are 5–7 in number. Usually transection is 
started 5–6 cm proximal to the pylorus and is carried along the way up to 5 cm distal to 
the GE junction. Great attention must be paid to criminal nerve of grassi in any of these 
procedures as sparing this nerve leads to a high recurrence rate.

 Postsurgical Management

The patient is admitted to the hospital for postoperative recovery. A liquid diet is 
started on POD # 1 and advanced as tolerated. If a drainage procedure is performed, 
then an upper GI study is done to rule out any leaks prior to resuming oral intake. 
Oral pain medications are started, and patient can be discharged home once tolerat-
ing adequate oral intake.

 Outcomes and Complications

The three procedures have variable effectiveness in control of acid secretion. While 
studies have shown that TV and SV have almost comparable decrease in basal acid 
output (BAO) and maximal acid output (MAO), HSV is less effective in this regard 
[8]. This difference is further accentuated over long-term follow-up, and recurrence 
rate for patients with HSV is much higher compared to other two types of vagoto-
mies. Oftentimes, the procedure selection is based more on the possible complica-
tions versus the success in controlling acid secretion.

The incidence of various morbidities is variable depending on the type of vagot-
omy procedure and also the type of drainage procedure performed. Overall, the 
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incidence of recurrent ulcer is lowest with TV and highest with HSV. On the other 
hand, the incidence of postoperative morbidities is higher with TV and SV and 
lower with HSV. One of the largest prospective studies reporting these complica-
tions was published in 1989 with 248 patients that had follow-up to 11–15 years 
[10, 11]. The incidence of recurrent ulceration was 28.5%, 37.4%, and 39.3% for 
TV, SV, and HSV, respectively. The incidence of diarrhea was 9.8%, 11.8%, and 
4.4%; incidence of dyspepsia was 18.4%, 20.5%, and 8.6%; and incidence of dump-
ing was 5.9%, 19.6%, and 2.2% for TV, SV, and HSV, respectively [9]. Patients who 
underwent TV with antrectomy (to remove the G-cells) had the lowest ulcer recur-
rence but higher morbidity compared to TV with pyloroplasty [10, 11]. A study 
done 6 years prior demonstrated TV with antrectomy had no case of recurrent ulcer-
ation but was associated with the highest incidence of postoperative complications 
compared with other procedures (Table 56.1) [10].

We describe these post-op morbidities in further detail below.

Diarrhea The incidence of diarrhea is variable depending on type of vagotomy. 
The incidence is 25% after truncal vagotomy and only about 5% after highly selec-
tive vagotomy [13]. Different etiological explanations are given for cause of diar-
rhea including rapid transit of food through the bowel, disturbance in bile acid 
metabolism, and dysregulation of enteral hormones. The diarrhea is usually self- 
limiting in most cases and rarely requires surgical intervention.

Dumping syndrome This is one of the common and oftentimes most debilitating 
outcomes after gastric ulcer surgery. It consists of symptoms that occur after inges-
tion of food. Two forms are recognized. Early dumping occurs 20–30 min after 
ingestion of food. Patients complain of epigastric fullness, cramping abdominal 
pain, nausea, explosive diarrhea, and cardiovascular manifestations including pal-
pitations, tachycardia, flushing, and diaphoresis. This is believed to occur due to 
the sudden shift of fluid as hyperosmotic chyme enters the small bowel. Later 

Table 56.1 Complications after ulcer operations [10, 12]

Percent of patients with HSV TV + D TV + A
Epigastric fullness 14.3 19.1 36.2
Early dumping 0 8.5 12.8
Late dumping 0 4.3 8.5
Nausea 6.1 8.5 8.5
Vomiting (food) 6.1 0 2.1
Vomiting (bile) 0 0 4.3
Heartburn 8.2 8.5 17
Flatulence 18.4 21.3 29.8
Diarrhea 10.2 14.9 21.3

HSV  highly selective vagotomy, TV  +  D  truncal vagotomy and drainage with pyloroplasty, 
TV + A truncal vagotomy and antrectomy
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dumping syndrome occurs 2 to 3 h after food ingestion. Rapid gastric emptying 
leads to hyperinsulinemia in response to sudden appearance of large quantities of 
food in the small bowel. The resulting hyperinsulinemia leads to manifestation of 
hypoglycemia including tremors, sweating, light headedness, and confusion. 
Dietary changes and use of somatostatin analogues help ameliorate symptoms in 
majority of patients.

Gastric atony The vagus nerve has a major role in gastric emptying. After truncal 
and selective vagotomy, gastric emptying is significantly affected and needs a drain-
age procedure as mentioned earlier. Unfortunately, even after a drainage procedure, 
some patients will continue to have delayed emptying of solids. On the other hand, 
emptying of liquids can increase due to loss of receptive fundic relaxation. This can 
usually be managed with prokinetic agents after other causes of delayed gastric 
emptying are ruled out.

Bile reflux gastritis This is a common problem after antrectomy and reconstruc-
tion. Patients have epigastric pain and bilious vomiting. Diagnosis is confirmed on 
upper endoscopy which reveals inflamed mucosa and superficial ulcerations. 
Classically this syndrome does not respond well to medical therapy, and conversion 
to Roux-en-Y gastrojejunostomy is required.

Afferent loop syndrome This syndrome can result from a variety of causes, includ-
ing kinking of the afferent limb, internal herniation, or stenosis of the gastrojejunal 
anastomosis. It can present as an acute or chronic syndrome. In case of the latter 
patients may present with megaloblastic anemia due to deficiency of vitamin B-12 
from bacterial overgrowth. In both acute and chronic afferent loop syndrome, sur-
gery is indicated. Options include shortening of afferent limb, conversion of Billroth 
II to Billroth I anastomosis, creation of enteroenterostomy past the stoma, or con-
version to Roux-en-Y gastric bypass.

Efferent loop syndrome This syndrome is relatively uncommon. It usually results 
from herniation of efferent limb behind the anastomosis. Patients present with 
abdominal pain and bilious vomiting. Diagnosis is usually established with a CT 
scan with oral contrast. It reveals failure of contrast to enter the efferent limb. 
Treatment is surgical with reduction of hernia and closure of defect to prevent her-
niation in the future.

 Conclusion

Vagotomies have mostly become procedures of the past due to excellent medical 
options, available now for the treatment of PUD. However, surgeons should be famil-
iar with the anatomy and physiology of this region of the foregut. There are still some 
situations such as obstruction, perforation, or bleeding due to PUD that are not 
responsive to medical therapy where these procedures may still be considered.
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57Surgical Management: Vagotomy 
and Pyloroplasty

Nathan G. LaFayette and Jennifer S. Schwartz

 Indications

Most indications for vagotomy and pyloroplasty (VP) are of historical importance, 
with the widespread use of proton pump inhibitors (PPIs) and eradication of H. pylori 
making the aforementioned procedures rare. There are, however, certain clinical 
 scenarios that still employ these procedures. Instances when a vagotomy and pyloro-
plasty may be indicated include ulcer disease refractory to medical therapy with 
extensive scarring that makes a formal antrectomy impossible. The most common 
reason to perform a VP is a bleeding duodenal ulcer, which was first described by Jan 
Mikulicz-Radecki in 1887 [1]. It is the most common presentation of complicated 
ulcer disease, indication for surgery, and common cause of mortality related to peptic 
ulcer disease. Typically, surgery is sought after failed endoscopic attempts at control 
of bleeding or unavailable angiographic embolism of the gastroduodenal artery. The 
indications for surgical management of a bleeding ulcer are massive hemorrhage 
leading to shock/instability, continuing transfusion >6 units in 48 h, recurrent bleed-
ing during medical therapy or after endoscopic therapy, and recurrent hemorrhage 
requiring rehospitalization. Peptic ulcer disease causing gastric ulcers typically has 
low acid production, and therefore, VP is rarely indicated [2].

A second indication for VP is a perforated duodenal/gastric ulcer. The most com-
mon location is in the prepyloric anterior wall, in which this can be incorporated into 
the pyloroplasty. VP is currently only indicated in stable patients with minimal spill-
age who are resistant or allergic to PPIs or those with high recurrence potential, such 
as heavy smokers or patients on chronic nonsteroidal anti- inflammatory drugs [3].

A third indication is an obstructing pyloric channel/duodenal ulcer, which 
was first described by Walter Hermann von Heineke in 1886. Prior to surgical 
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intervention, it is prudent to allow approximately 72 h of gastric decompression 
and correction of electrolyte abnormalities. VP may be considered at the index 
procedure or after failed medical and endoscopic therapies such as dilation [4].

 Technique(S) (Fig. 57.1) [5]

The techniques for truncal, selective, and highly selective vagotomy were described 
in the previous chapter. A pyloroplasty is performed in conjunction with the dener-
vation procedure to overcome the gastric stasis and potential functional gastric out-
let obstruction created with vagotomy. One of the benefits of a pyloroplasty is that 
it decreases the possibility of marginal ulceration occasionally seen after gastrojeju-
nostomy secondary to bile reflux. The Heineke-Mikulicz approach is most com-
monly used for routine cases, whereas the Finney pyloroplasty is best suited for a 
J-shaped stomach laying in the longitudinal axis. The latter is also preferred when 
ulcers are located in the second portion of the duodenum or when the duodenum and 
pylorus have been displaced secondary to extensive inflammation. In the most 
severe cases of inflammation and scarring of the pylorus, a Jaboulay gastroduode-
nostomy may be employed which bypasses the pylorus entirely. All described pylo-
roplasties may be accomplished laparoscopically, and each technique mirrors the 
open approach. Finally, consideration may be given to a decompressive gastrostomy 
and feeding jejunostomy at the time of operation depending on the clinical status of 
the patient.

 Heineke-Mikulicz Pyloroplasty

 1. Laparoscopic port placement or upper abdominal incision (transverse vs. 
vertical)

 2. Traction sutures placed at the superior and inferior margins of the pyloric ring.
 (a) These should be placed in a position to ligate the pyloric vein if needed.

 3. ~4 cm longitudinal full-thickness incision starting on prepyloric antrum halfway 
between the greater and lesser curvature – extended into the duodenum, transect-
ing the pylorus (which should be the midpoint).

 4. 3–0 silk interrupted seromuscular transverse closure.
 (a) Alternatively, this can be accomplished using a TA 30 stapler.

 5. Test the suture line – compress distal duodenum and insufflate air via endoscopy 
or into NGT while suture line is submerged. Additional seromuscular sutures as 
needed.

 6. Omental flap tacked over suture line (optional).
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Fig. 57.1 Three alternative pyloroplasty procedures: (a) Heineke-Mikulicz – longitudinal open-
ing with transverse closure. (b) Finney – incorporates the pylorus at the apex of the anastomosis. 
(c) Jaboulay gastroduodenostomy – completely bypasses the pylorus [5]
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 Finney U-Shaped Pyloroplasty (First Described 1902)

 1. Laparoscopic port placement or upper abdominal incision (transverse vs. vertical).
 2. Kocher maneuver.
 3. 10–12  cm longitudinal gastroduodenostomy, transecting the pylorus, which 

should be at the midpoint of the incision.
 4. Close in two layers as a side-to-side anastomosis with the pylorus at the apex.

 (a) Running silk on posterior outer layer, running absorbable suture on the inner 
layer, and then interrupted silk on the outer front layer.

 5. Test the suture line – compress distal duodenum and insufflate air via endoscopy 
or into NGT while suture line is submerged.

 6. Omental flap tacked over suture line (optional).

 Jaboulay Gastroduodenostomy (First Described 1892)

 1. Laparoscopic port placement or upper abdominal incision (transverse vs. 
vertical).

 2. May require takedown of the hepatic flexure of the colon for exposure and wide 
Kocher maneuver.

 3. Side-to-side 4–5 cm anastomosis between the greater curvature of the stomach 
and anterior proximal duodenum in the same two-layer fashion as the Finney.
 (a) May staple with a 45 mm linear cutting stapler and TA 30.

 4. Test the suture line – compress distal duodenum and insufflate air via endoscopy 
or into NGT while suture line is submerged.

 5. Omental flap tacked over suture line (optional).

 Postoperative Management [6]

Continuous gastric suction is maintained until the third postoperative day or until 
there is clinical evidence of gastric emptying. An upper GI series may be considered 
if no progress has been made after that third postoperative day to evaluate for a 
potential leak and to objectively document gastric emptying. The usual care is that 
of any major foregut procedure and includes DVT prophylaxis, PPIs, and antiemet-
ics. Once it has been determined clinically appropriate, six small feedings should be 
initiated in order to counter the distention that may occur with a denervated, atonic 
stomach. Occasionally, a self-limited diarrhea will develop. Clinically relevant and 
studied medications available to ameliorate this include cholestyramine, loper-
amide, and codeine. It has been suggested that sweet juice, as well as hot and cold 
liquids, should be avoided, especially at breakfast. Caffeinated beverage consump-
tion should be minimized until the patient is symptom-free. The return to an unre-
stricted diet is determined by the patient’s progress and resolution of symptoms. All 
attempts to eliminate smoking must be taken.
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 Postoperative Complications [7–9]

Complications of vagotomy have been described in the previous chapter; these 
include injury to the phrenic vein, esophageal perforation, injury to the spleen, 
pneumothorax, aortic injury, injury to the thoracic duct, post-vagotomy diarrhea, 
and dysphagia.

Complications related to the pyloroplasty are as follows:

 Dumping Syndrome

Early dumping is considered if vasomotor symptoms of tachycardia, sweating, 
lightheadedness, and weakness accompanied by abdominal cramping and diarrhea 
occur within 30  min after eating. This phenomenon is caused by rapid bolus of 
hypertonic food bolus into the small bowel and is often relieved with recumbent 
positioning and diet modifications. Late dumping manifests as symptomatic hypo-
glycemia 2–3 h after eating and is caused by an initial postprandial hyperglycemic 
insulin surge. Typically this is alleviated by limiting high sugar foods in the diet.

 Bile Reflux Gastritis

Most commonly this can be medically managed with metoclopramide or other pro-
kinetic agents to increase gastric emptying or the addition of cholestyramine to bind 
bile acids. If medical management fails to resolve the symptoms, an additional oper-
ation  – typically a Roux-en-Y gastrojejunostomy  – is completed for bile reflux 
gastritis.

 Inadequate Drainage Versus Delayed GI Function

Typically this is a self-limited problem, but if it continues, medical management 
with metoclopramide or other prokinetic agents to increase gastric emptying is 
employed. Similarly to bile reflux, if medical management fails to resolve the 
symptoms, an additional operation – typically a Roux-en-Y gastrojejunostomy – is 
completed.

 Anastomotic Leak

Contained leaks in a stable patient are often treated with drainage (either by inter-
ventional radiology or in the operating room) and antibiotics. If uncontained or if 
the patient is unstable, early re-exploration with primary repair vs. diversion and/or 
Roux-en-Y gastrojejunostomy is the appropriate intervention.
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 Postoperative Outcomes

Acid reduction with vagotomy has been found to be upward of 70% basal and 50% 
stimulated; however these numbers are from a series of studies when maximal acid 
suppression therapy and H. pylori eradication were not the standard of care. The 
same holds true for the ulcer recurrence rate of 12% [10].

The first large series reported by Weinberg et al. in 1956 revealed a mortality rate 
of <0.5% with a recurrence risk of 7.3% up to 8 years after vagotomy and pyloro-
plasty [11]. A number of prospective, randomized trials comparing the various sur-
gical options have a reported mortality rate of 0.5%–0.8% for the same procedure. 
The addition of pyloroplasty invites the potential complication of mild dumping in 
approximately 10% of patients, while only about 1% found this to be disabling. 
Separately, diarrhea was found to be mild and limited in 25% of patients, while 2% 
had continued disabling diarrhea [10].
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58Surgical Management: Billroth I

Patrick James McLaren and James Patrick Dolan

 Introduction

The surgical treatment of peptic ulcer disease (PUD) has declined significantly in 
recent decades due to the advent of H. pylori treatment, acid-suppressing medica-
tions, and endoscopic therapies [1]. Uncomplicated PUD can often be treated suc-
cessfully with medical interventions. However, surgical management of ulcer 
disease still plays a role in refractory and complicated ulcer disease. The first large 
gastric resection with reconstruction was described by Theodor Billroth in 1885. In 
the following years, Dr. Billroth and colleagues conceived a number of surgical 
techniques for reconstruction following gastric resection. Among the most widely 
adopted and still used in practice today is the Billroth I gastroduodenostomy (B-I). 
The B-I  procedure is a hemigastrectomy with gastroduodenostomy that restores the 
native configuration of the gastrointestinal tract. In this chapter we will discuss the 
indications, technique, management, complications, and expected outcomes of B-I 
 reconstruction for PUD.

 Indications

Surgical treatment of PUD is most often indicated for complications such as hemor-
rhage, perforation, and obstruction (Table 58.1) [1, 2]. Prepyloric and pyloric chan-
nel ulcers are the best candidates for antrectomy with B-I reconstruction [1]. 
Generally, antrectomy is reserved for Type II and III peptic ulcers and some distal 
Type I ulcers [1]. Antrectomy may be inadequate for NSAID-induced ulcers, GE 
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junction ulcers, and proximal lesser curvature ulcers [1]. Furthermore, antrectomy 
may not address the underlying pathophysiology of these ulcers as they are not 
related to high acid secretion.

Elective indications for surgical resection include large ulcers, nonhealing 
ulcers, recurrent ulcers, and failure of medical management [1]. An ulcer causing 
obstructive symptoms should be expeditiously resected. Unnecessary delay to 
attempt medical management in the setting of obstruction may lead to worse out-
comes due to poor nutrition. For acutely presenting bleeding or perforated ulcers, 
the decision to perform a gastric resection [1] depends on the stability of the 
patient. In an unstable patient, it is acceptable to delay definitive gastrectomy in 
favor of hemostasis, washout, simple patch closure, and resuscitation. When per-
forming a gastric resection for PUD, a concurrent vagotomy should also be con-
sidered. The specifics of the proper vagotomy technique are discussed in previous 
chapters in this manual.

The B-I reconstruction offers some advantages over other popular reconstruction 
techniques. B-I is a simple reconstruction with a single anastomosis, without the 
need for an intestinal bypass or a blind loop. The gastroduodenal anastomosis of a 
B-I is less prone to marginal ulceration than the gastrojejunal anastomoses con-
structed in Billroth II (B-II) and Roux-en-Y configurations. Furthermore, some stud-
ies have demonstrated improved perioperative outcomes for B-I compared to 
Roux-en-Y [3, 4]. However, improved long-term outcomes like reflux esophagitis 
and alkaline gastritis are highest with a B-I reconstruction [5–9]. If adhesions, scar-
ring, or patient anatomy does not allow for a tension-free gastroduodenal anastomo-
sis, an alternative reconstruction technique should be used. No one gastric 
reconstruction is definitively superior, so the decision often depends on the clinical 
scenario and  surgeon’s preference.

 Open Surgical Technique: Billroth I

 Positioning and Exposure

The patient should be laid in the supine position, and a nasogastric an (NG) tube 
should be placed. Access to the peritoneum is gained through an upper midline 
incision extending from the xiphoid to the umbilicus. A self-retaining abdominal 
wall retractor is useful to maintain exposure. Slight reverse Trendelenberg posi-
tioning may aid in exposure [1, 10].

Table 58.1 Surgical 
indications for peptic ulcer 
disease

Bleeding antral or duodenal ulcer
Perforated antral or duodenal ulcer
Large ulcer or ulcer causing gastric outlet obstruction
Ulceration refractory to medical management
Recurrent ulcer
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 Mobilize the Stomach

In order to minimize tension on the gastroduodenal anastomosis, adequate mobili-
zation of the stomach and duodenum is crucial. We recommend mobilization of the 
proximal stomach first. This is done by dividing the gastrophrenic and gastro-
splenic ligaments. Care should be taken not to place too much traction on the 
spleen. Next, enter the lesser sac through the gastrocolic ligament approximately 
midway along the greater curvature. Divide any adhesions of the posterior gastric 
wall to pancreas sharply. Take care to minimize trauma to the pancreas, as this can 
lead to subsequent inflammation and postoperative complications. Carry the dis-
section distally along the greater curve between the gastric wall and the gastroepi-
ploic artery in order to maintain this collateral blood supply to the future 
gastroduodenal anastomosis. Serially clamp and divide branches of the gastroepi-
ploic artery as the dissection proceeds distally to the pylorus. Next, mobilize the 
lesser curvature. Enter the lesser omentum midway on the lesser curve. Proceed 
distally with the dissection ligating small branch vessels as they are encountered as 
close to the gastric wall as possible. Continue dissection until encountering the 
main branch of the right gastric artery. Divide and doubly ligate the right gastric 
artery using suture [1, 10].

 Mobilize the Duodenum

Circumferentially mobilize the proximal 1 cm duodenum at the distal extent of your 
gastric dissection. Identify the common bile duct, gastroduodenal artery, and pan-
creas in order to avoid injury to these structures. Next perform a Kocher maneuver. 
Divide the lateral peritoneal attachments from the epiploic foramen proceeding 
inferiorly. The duodenum and head of the pancreas can then be elevated and rotated 
medially off the underlying vena cava, which marks the extent of the dissection. At 
this point both the stomach and duodenum should be freely mobile and a tension- 
free gastroduodenal anastomosis possible [1, 10].

 Identify the Points of Gastric and Duodenal Division

We suggest a line of gastric division extending from the third vein distal to the 
gastroesophageal (GE) junction on the lesser curvature to the midpoint of the 
greater curvature where the gastroepiploic artery comes closest to the gastric 
wall. This technique is an approximately 40–50% gastrectomy [10]. There is 
significant anatomic variation between patients in distribution of the antral cells, 
but this technique should confidently remove the entire antrum. The distal line of 
division is in the first portion of the duodenum within 1  cm of the pylorus 
(Fig. 58.1) [1, 10].
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 Divide the Stomach and Duodenum

Instruct anesthesia to pull back the NG tube as the surgeon manually confirms the 
NG tube is proximal to the line of transection. The duodenum is then divided using 
a GIA stapler. Next, proceed to division of the stomach. Fire a stapling device along 
the predetermined line of gastric division, and remove the specimen from the field 
[1, 10].

 Create the Gastroduodenal Anastomosis

The gastroduodenostomy is created in two layers, with an inner absorbable 
Vicryl and outer seromuscular silk sutures. First, with interrupted seromuscular 
silk sutures, approximate the posterior duodenal wall with the posterior gastric 
wall (Fig. 58.2). Excise the duodenal staple line and the inferior corner of the 
gastric staple line to create a gastrotomy with a diameter equal to the duodenum. 
Place a full-thickness inner layer of running absorbable suture (Fig.  58.3). 
Complete the anastomosis with an anterior layer of silk Lembert stitches. 

Fig. 58.1 The lines of 
gastric and duodenal 
division are depicted with 
dashed lines
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The point where staple line and suture lines meet is sometimes prone to leakage 
and often called the “Angle of Sorrow.” We recommend reinforcing this point 
with seromuscular bites of the duodenum and both sides of the lesser curvature 
with silk. Hemostasis and patency of the anastomosis should be checked endo-
scopically. A leak test can be performed with the anastomosis submerged and 
the stomach insufflated. If a leak is detected, additional sutures can be placed at 
this time. Once satisfied with the anastomotic integrity, the abdomen can be 
closed in standard fashion [1, 10].

Fig. 58.2 The posterior 
walls of the duodenum and 
stomach are approximated 
with interrupted silk suture
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 Laparoscopic Surgical Technique: Billroth I

 Patient Positioning and Port Placement

The patient is placed in the supine split-leg position with monitors at the head of the 
bed. The split-leg position allows the surgeon to operate from below and minimizes 
crowding at the operating table. Reverse Trendelenberg positioning is used to facili-
tate exposure. Port placement can vary and should be determined by patient body 
habitus. Figure 58.4 depicts our general guide for gastrectomy port placement [11].

Fig. 58.3 The inner layer 
of the anastomosis is 
created with full-thickness 
running absorbable suture
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 Mobilize the Stomach and Duodenum

The initial mobilization of the stomach and duodenum do not differ greatly from 
the open procedure. Begin first by mobilizing the proximal stomach, then per-
forming a Kocher maneuver. Using a laparoscopic vessel-sealing energy device, 
enter the lesser sac through the gastrocolic ligament, then retract the stomach 
cephalad and anteriorly, and divide pancreatic adhesions until the entire posterior 
wall is free. The greater curve can be dissected to level of the pylorus at this time 
[11].

12 mm

12 mm 12 mm

5 mm

5 mm

5 mm

Fig. 58.4 Six ports are 
placed for laparoscopic 
gastrectomy. (Camera port 
17 cm inferior to the 
xiphoid and just left of the 
umbilicus (12 mm). Left 
subcostal working port 
12 cm from xiphoid and 
2 cm below the costal 
margin (12 mm). Right 
subcostal working port 
11 cm from xiphoid and 
2 cm below the costal 
margin (12 mm). 
Subxiphoid port for a 
Nathanson liver retractor 
(5 mm). Right lateral 
working port (5 mm). Left 
lateral working port 
(5 mm))
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 Divide the Stomach

Lines of transection are the same as described previously. On the greater curve, the 
gastroepiploic vessels are divided using an energy device or stapler at the point of 
transection. A window in the gastro-hepatic ligament is made at the point of transec-
tion on the lesser curve. The stomach is then divided using a laparoscopic GIA sta-
pler. This may require multiple staple loads to complete. Once the stomach is 
transected, the dissection is carried distally along the lesser curve toward the pylo-
rus using a vessel-sealing energy device. The distal stomach can be reflected to the 
patient’s right to aid exposure of the pylorus and duodenum. Dissection along 
the lesser curve is complete when the right gastric artery is identified and divided. 
The duodenum is then divided just distal to the pylorus using an endo-GIA stapler. 
The location of the gastroduodenal artery and common bile duct should be identi-
fied prior to division of the duodenum in order to avoid injury to these structures. 
A laparoscopic specimen bag can then be used to remove the specimen through a 
12 mm trocar site. The fascial defect may require enlargement to allow removal of 
the specimen [11].

 Laparoscopic Gastroduodenal Anastomosis

For laparoscopic B-I reconstruction, we prefer a stapled anastomosis. Using atrau-
matic laparoscopic graspers, bring the duodenal stump adjacent to the posterior 
gastric wall, and align the duodenal staple line with the inferior edge of the gastric 
staple line. Using electrocautery, create enterotomies in the stomach and duodenum. 
The enterotomies should be just large enough to accommodate the anvil and jaws of 
an endo-GIA stapler. Fire the stapler to create the anastomosis between the duode-
num and stomach. The single common enterotomy is then closed using two layers 
running absorbable suture. Perform an endoscopic leak test as described above. 
De-sufflate the abdomen and close facial defects at all trocar sites larger than 10 mm 
[11].

 Postoperative Management

The B-I patient can usually be managed on the surgical ward barring any major 
comorbidities. Standard DVT prophylaxis should be continued until discharge. 
Prophylactic postoperative antibiotics are not indicated, and Foley catheter can be 
removed on postoperative day #1. Early ambulation within postoperative day #1 and 
aggressive incentive spirometry is encouraged to minimize pulmonary complica-
tions. Postoperative intravenous fluid and electrolyte replacement should be pro-
vided until an oral diet is tolerated. A nasogastric tube is not necessary in all patients, 
but may be used in select cases for nausea or postoperative ileus. NG tube removal 

P. J. McLaren and J. P. Dolan



683

can be attempted on postoperative day #1. Clear liquid diet can usually be tolerated 
on postoperative day #1 and should be advanced slowly to six small meals per day 
[12]. Once tolerating PO intake, meals should be high in protein and fat but rela-
tively low in carbohydrates to minimize dumping syndrome that can follow gastrec-
tomy. We recommend the patient consult with a nutritionist prior to discharge to 
familiarize themselves with their dietary restrictions.

 Postoperative Complications and Expected Outcomes

If maintained on acid-suppressing medications, antrectomy and vagotomy for PUD 
is permanently curative for ulcer disease in 97–98% of cases [1, 12]. However, 
between 5 and 15% of patients may experience some postoperative complication [1, 
8, 11].

 Early Complications

Early complications following gastrectomy include bleeding, ileus, and anastomotic 
leak [1, 2, 12]. Bleeding after antrectomy is usually intraluminal at the gastroduodenal 
anastomosis. Bright red blood in the nasogastric suction canister in conjunction with 
hematocrit drop or hemodynamic changes warrant an upper endoscopy. Bleeding from 
the anastomosis can usually be controlled with endoscopic coagulation or epinephrine 
injections. Rarely re-exploration in the operating room may be needed to control hemor-
rhage. Anastomotic leak is rare and occurs in less than 2% of patients [8]. A leak gener-
ally presents as tachycardia and abdominal pain followed by other signs of systemic 
inflammatory response. An ileus lasting more than 5  days postoperatively warrants 
workup for other causes. Contrast studies and plain film X-rays are the initial studies of 
choice to evaluate for obstruction and leak as potential sources of prolonged ileus.

 Late Complications

Late complications include delayed gastric emptying, gastric dumping syndrome, 
alkaline reflux, and recurrent ulceration [1]. Delayed gastric emptying occurs in 
about 2% of patients but can usually be managed with prokinetic agents like metoclo-
pramide [1]. Up to 15% of vagotomy and antrectomy patients experience some post-
prandial discomfort or dizziness, but clinically significant gastric dumping occurs in 
only 1–2% of patients [1]. High-fat, high-protein, and low-carbohydrate diets are usu-
ally successful in treating most cases of dumping syndrome. Somatostatin analogs 
may also be beneficial in refractory cases [2]. Alkaline reflux of duodenal contents 
into the stomach can cause gastritis in 5–15% of patients [1]. Symptoms include post-
prandial pain, nausea, and epigastric discomfort. Endoscopy demonstrates inflamed 
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mucosa and bile in the stomach. Management is generally dietary modification, bile 
acid chelators, and antacids [2]. If severe pain persists, a revision with Roux-en-Y 
gastrojejunostomy should be considered. Finally, recurrent ulcers can occur in approx-
imately 2–3% of patients who undergo a vagotomy and antrectomy [1]. Marginal 
ulceration on the intestinal side of anastomosis is more common with gastrojejunal 
anastomoses compared to the B-I configuration. The most common symptom of 
recurrent ulceration is abdominal pain that is worse with eating and relieved with 
antacid medications. Diagnosis is made via endoscopy; treatment is acid suppression 
and surgical revision if severe (Table 58.2).
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Table 58.2 Postoperative 
complications following B-I 
resection for PUD

Early
  Bleeding
  Ileus
  Anastomotic leak
Late
  Delayed gastric emptying
  Gastric dumping syndrome
  Alkaline reflux
  Recurrent ulceration
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 Introduction

Partial gastrectomy is performed for a number of reasons including carcinoma, 
ulcer disease, and gastric outlet obstruction. Removal of a portion of the stomach 
is followed by a reconstruction to restore intestinal continuity. Several options 
exist, including Bilroth I (BI), Bilroth II (BII), and Roux-en-Y (REY). The BII 
gastrojejunostomy is the focus of this chapter. While the BI maintains the normal 
anatomic configuration, the resulting tension created by a gastroduodenostomy 
can be troublesome as it increases risk of leak or may lead surgeons to perform an 
inadequate resection in order to preserve proximal gastric length [1]. As a result 
of these concerns, the BII reconstruction was developed as a tension-free anasto-
mosis between the stomach and jejunum brought up as a loop. This option was not 
without its own challenges, and a third option was conceived to ameliorate these 
issues. The REY, which seems less fraught with the complications seen in BII 
reconstruction, has become favored in recent literature. Despite concerns regard-
ing the BII and the sequelae of this procedure, it still has a role in the armamen-
tarium of the foregut surgeon. Individual patient factors must be taken into account 
when selecting a method for reconstruction, and the situations in which a BII may 
be the better option are  outlined below.
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 Advantages of the Billroth II Reconstruction

When choosing between procedures for restoring the continuity of the GI tract, the 
surgeon must weigh the pros and cons of each technique (Table 59.1). There are 
several patient-centered considerations that would favor the BI reconstruction. 
Performing intestinal reconstructions on the multiply operated abdomen can be 
problematic. Incidence of adhesions increases with number of abdominal opera-
tions, and the risk of inadvertent enterotomy is 6% when adhesiolysis must be per-
formed [2]. The Billroth II is a technically straightforward procedure to perform in 
the setting of extensive abdominal adhesions limiting small bowel mobility. The 
jejunal loop selected must be able to reach the stomach, while other adhesions can 
be left in place. For a REY reconstruction, adhesiolysis must be performed to accu-
rately measure the afferent and efferent limbs and also to achieve the necessary 
length for a tension-free anastomosis. In the event that adhesions are particularly 
dense and unintentional bowel injury is a concern, a BII is a reasonable alternative 
to avoid much of the obligatory adhesiolysis. Additionally, the prognosis and vital-
ity of the patient may be a factor to consider. If a patient has limited physiologic 
reserve and expeditious completion of the case is necessary, the speed of a BII 
reconstruction may be the preferred approach.

In addition to patient-oriented decision, technical concerns may favor the appli-
cation of a BII reconstruction. The BII classically entails a single anastomosis. 
Unlike a REY which requires both a gastrojejunostomy (GJ) and a jejunojejunos-
tomy (JJ), the GJ can be performed alone. With that said, in order to avoid alkaline 
reflux from the afferent limb, a Braun enteroenterostomy between the afferent and 
efferent limbs is recommended when performing a BII [3]. Thus the appeal of the 
single anastomosis may only be advantageous in situations where the benefit of 
limiting new bowel connections outweighs the risk of reflux. The anatomy of a BII 
may be preferable when endoscopic access to the biliary tree is anticipated. 
Following partial gastrectomy, the classic transgastric approach to the proximal 
duodenum can be prohibitively difficult outside of a BI reconstruction. When the 
extent of gastric resection prohibits use of this method, BII or REY are the remain-
ing options. Though laparoscopic access to a remnant stomach has allowed endo-
scopic retrograde cholangiopancreatography (ERCP) to be performed in patients 
with gastric bypass, the REY reconstruction in the setting of partial gastric resection 
lacks even this option. ERCP in this population becomes difficult if not impossible 
as the endoscope must be directed down the Roux limb, through the jejunojejunos-
tomy and retrograde through the biliopancreatic limb. With BII reconstruction, 
endoscopic intubation of the afferent limb provides a direct path to the 

Table 59.1 Advantages and disadvantages of Billroth II reconstruction

Advantages Disadvantages
Simpler in setting of multiply operated abdomen 
with adhesions
Access of biliary tree
Avoidance of complications associated with REY

Bile reflux
Afferent loop syndrome
Ulcers
Gastric remnant carcinoma
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biliopancreatic tree. Though the approach in either case is still from the distal duo-
denum and opposite of conventional ERCP, it is a more direct route with BII anat-
omy compared with REY.

When choosing between surgical options, it is also necessary to consider compli-
cations of the alternate reconstruction options. The morbidities of a BII will be 
discussed later in this chapter. With that said, it is important to note that the REY 
does have complications not seen in BII. Roux stasis is isolated to the REY anat-
omy. Symptoms include abdominal pain, nausea, vomiting, and postprandial bloat-
ing. It is estimated to occur in up to 30% of patients and is thought to result from 
disruption of electrical signaling involved in bowel motility [4]. Though evidence 
for this is debated, it prompts careful consideration of the reconstructive options in 
the setting of a patient with known bowel motility issues. When the REY is not an 
option, deciding between Billroth I and II is usually based on the extent of the resec-
tion. While BI maintains the normal physiologic path for food to travel, the more 
stomach taken for adequate resection translates to increased likelihood of tension on 
a BI anastomosis and thus higher chance of leak [1]. Certainly there is no option that 
is free of potential morbidity. Given this, it is important to consider the specific 
issues with each alternative prior to committing to an operation.

 Technique

A Billroth II gastrojejunostomy can be approached both laparoscopically and open. 
Gastric surgery is increasingly being performed with minimally invasive techniques 
and has been proven safe even in the setting of gastric cancers.

Laparoscopy

Patients undergoing partial gastrectomy with Billroth II reconstruction laparoscopi-
cally are placed supine. The legs can be kept straight or in split-leg position depend-
ing on the surgeon’s preference to stand on the patient’s right or between the legs. 
The decision to tuck arms is also at the discretion of the surgeon. Preoperative 
endoscopy may be performed to localize pathology and orient port sites. A 12 mm 
port for a 30 ° laparoscope is utilized through a site just cephalad and to the left of 
the umbilicus. Working ports are selected based on the operative plan and moved 
further to the left and superiorly if more proximal dissection of the stomach is 
needed. After placement of the camera port, additional working ports are oriented to 
allow for unhindered access to the pathology in the left upper quadrant (Fig. 59.1). 
Once the ports are in place, the patient is placed in steep reverse Trendelenburg, and 
a liver retractor is positioned to optimize visualization of the foregut [5].

Given the variety of indications for a distal gastrectomy and the associated extent 
of lymph node harvest, a complete discussion on the technique of a partial gastrec-
tomy is beyond the scope of this chapter. In short, the greater curve of the stomach is 
mobilized from the gastrocolic ligament distally toward the pylorus and proximally 
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beyond the lesion to be resected. The gastrohepatic ligament is opened to enter the 
lesser sac, and the lesser curve is similarly dissected toward the pylorus and GE junc-
tion. Posterior attachments to the stomach are divided to free the stomach. Endoscopic 
staplers are used to divide the stomach distal to the pylorus. The location for division 
of the proximal stomach is determined by pathology and is also performed with lin-
ear staplers. Several loads may be needed and depend on the level at which the tran-
section is performed. Once the stomach is resected, reconstruction is performed [5].

For an intracorporeal Billroth II, a jejunal loop can be brought up in a retrocolic 
or antecolic fashion. Antecolic is the preferred technique as it eliminates creation of 
an additional site for internal hernia through the transverse mesocolon and avoids 
risk of injury to colonic blood supply. The antecolic technique does pose a risk for 
additional tension as the loop must travel over the bulk of the colon. To decrease this 
possibility, the omentum is divided and a path for the jejunal loop is created. This 
division of the omentum is continued cephalad toward the transverse colon and then 
laterally, splitting it into two tongues to create adequate space anterior to the colon 
for the jejunal loop to reach the proximal stomach staple line.

Having divided the omentum, the ligament of Treitz is again identified, and a site for 
the gastrojejunostomy is selected approximately 35 cm distal to this landmark. The 
jejunal limb is brought over the colon between the divided omentum. The jejunal limb 
is oriented so that it is isoperistaltic. A stay suture is placed between the jejunum and 
gastric staple line. A posterior suture line is created from left to right with an absorbable 
suture. Next, a gastrotomy and an enterotomy are made on the medial aspect of the 
suture line. The interior row of the anastomosis is created with a linear stapler fired 
through these defects. The common gastroenterostomy is closed with a running absorb-
able suture. An imbricating anterior row is performed in a running fashion with absorb-
able suture. Once complete, a leak test is performed by insufflating via an orogastric 
tube or endoscope while submerging the anastomosis under saline.

5 mm

5 mm 5 mm

12 mm 12 mm

Fig. 59.1 Port placement 
for laparoscopic Billroth II 
anastomosis. 12 mm 
camera port near 
umbilicus. Lateral 12 mm 
port on right for stapling 
and suturing devices. 5 mm 
right-sided port for 
operating surgeon. 5 mm 
assist port on left. Optional 
5 mm liver retractor port in 
the epigastrium
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 Open

In the open technique, the stomach is approached through a midline incision with 
the patient supine. Dissection and mobilization of the stomach mirrors that which is 
performed using a laparoscopic technique. The distal margin of the partial gastrec-
tomy is typically two centimeters past the pylorus, and the proximal extent of the 
resection is dictated by the pathology. With a BII gastrojejunostomy, there is much 
less tension than a BI, and the proximal extent of resection is decided based on 
pathology and is free from the conflicting goals of an adequate margin and tension- 
free reconstruction. Division of the stomach is performed using a linear stapler. 
Currently, there is no consensus as to the utility of oversewing the duodenal stump 
and the stomach staple lines. At the time of resection, concurrent truncal vagotomy 
can be considered in the case of ulcer disease secondary to acid hypersecretion.

The BII reconstruction is performed by bringing a jejunal loop to the greater 
curve of the remaining stomach. The jejunum is measured from the ligament of 
Treitz and a site 35 cm distal to this structure is selected. This loop can be brought 
either retrocolic or antecolic and the gastrojejunostomy is performed. There are 
several described techniques including anastomoses that are handsewn or fashioned 
with stapling devices. Prior to closure of the GJ, a nasogastric tube can be advanced 
past the anastomosis if needed [1].

 Braun Enterostomy

Once the BII GJ anastomosis is completed, a Braun enteroenterostomy between the 
ascending and descending loops can be considered. The enteroenterostomy is cre-
ated 30 cm distal to the gastrojejunostomy. This second anastomosis connects the 
afferent to the efferent limb and is utilized to prevent bile reflux and direct alkaline 
contents away from the stomach. This can be performed in a side-to-side fashion by 
either open or laparoscopic technique [1].

 Postoperative Management

Immediately following a BII reconstruction, the patient is initially kept 
NPO. Nasogastric decompression is most beneficial in the setting of gastric outlet 
obstruction as a degree of transient gastroparesis is often seen in this population. 
With that said, a nasogastric tube may be placed at the discretion of the surgeon 
based upon patient risk factors. Perioperative antibiotics should be administered 
according to Surgical Care Improvement Program (SCIP) Guidelines. Redosing of 
antibiotics should be completed based on operative time. Typically no drains are 
required. The gastric tube can be removed in 1–2 days if placed, and PO liquids can 
generally be started around postoperative day 2. In the situation where a patient is 
unable to take oral intake, an NGT advanced beyond the anastomosis can be used as 
early feeding access [1].
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 Postoperative Complications

The mortality of a partial gastrectomy is approximately 1–2% and is independent of 
the reconstruction type. Mortality increases if the procedure is done emergently. 
Gastric resections performed for ulcer disease may be complicated by ulcer recur-
rence 1–4% of the time. Bleeding occurs in 2% of cases and anastomotic leak ranges 
from 1 to 4% [1]. Postgastrectomy morbidities may occur when a Billroth II recon-
struction is performed. Many of these complications are not unique to the BII, 
though the frequency may vary between reconstruction options.

 Nutritional Deficiency

Following removal of the stomach or a portion of it, nutritional deficiencies such as 
iron, calcium, vitamin B12, and folate are common (Table 59.2). Microcytic anemia 
from iron deficiency is the most common cause of anemia after gastric resection. It 
is related to bypassing the duodenum which is the primary site of iron absorption 
and is seen in both BII and REY reconstructions. Decreased gastric acidity is also 
thought to have a role. Ferritin levels are an accurate indicator of deficiencies and 
oral supplementation with elemental iron effectively treats the deficit. Megaloblastic 
anemia can also be seen after gastrectomy. Intrinsic factor (IF) produced in the 
stomach is decreased after gastrectomy. Decreased availability of IF to bind with 

Table 59.2 Nutritional deficiencies

Nutrient
Site of 
absorption Clinical presentation Monitoring Treatment

Iron Duodenum Microcytic anemia Serum ferritin PO elemental 
iron

Calcium Duodenum, 
proximal 
jejunum

Osteoporosis,
osteopenia, 
osteomalacia

Serum calcium,
Serum 25-OHD 
vitamin D,
Bone mineral density 
(DEXA)

PO calcium 
and PO 
vitamin D

B12 Terminal 
ileum, 
requires IF 
binding

Megaloblastic anemia, 
lassitude, fatigability, 
chills, numbness in 
extremities, dizziness, 
and neurological 
symptoms

Serum vitamin B12 PO or IM 
vitamin B12

Folate Jejunum Megaloblastic anemia RBC folate,
Vitamin B12 should be 
checked to avoid 
masking deficiency by 
folate supplementation

PO folate

Copper Proximal 
duodenum

Ataxia, myelopathy, 
peripheral neuropathy

Serum copper IV and PO 
copper 
supplements
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B12 leads to malabsorption in the terminal ileum. Folate deficiency, another cause 
of megaloblastic anemia, can also be seen after gastrectomy, and supplementation 
of both is recommended to avoid masking a deficiency of the other. The BII and 
REY reconstructions both lead to increased bone disease like osteoporosis related to 
impaired calcium absorption when the duodenum is bypassed. Patients should be 
given calcium supplements as well as vitamin D [6]. Copper deficiency can occur 
since it is absorbed in the proximal duodenum leading to ataxia, myelopathy, and 
peripheral neuropathy [7]. Due to the nutritional implications of gastrectomy, close 
follow-up is necessary, and patients should have baseline nutritional labs checked 
before surgery with periodic monitoring post-op.

 Dumping Syndrome

Loss of gastric regulation can cause rapid gastric emptying and can occur early or 
late. Early gastric emptying occurs within 30 min of a meal and manifests as crampy 
abdominal pain, diarrhea, lightheadedness, and tachycardia. It results from hyperos-
molar solute emptying into the small intestine and is reproducible with oral glucose 
challenge. Late gastric emptying happens approximately 2 h after meal ingestion 
and is related to hypoglycemia subsequent to inappropriately high levels of insulin 
secreted in response to ingested glucose loads. This syndrome can occur not just in 
BII but with any reconstruction, though the incidence may be lower in those with a 
REY [4]. Patients with dumping syndrome can alleviate symptoms with dietary 
modifications including small frequent meals, avoiding sweets and avoidance of 
liquids with meals [1]. Symptoms of hypoglycemia can be managed with medica-
tions like acarbose in cases of late dumping. Somatostatin analogs can help both 
early and late dumping as it has a variety of effects including inhibiting insulin 
release. Severe cases may require conversion to a REY [7].

 Afferent Loop Syndrome

Afferent loop syndrome is unique to BII anatomy. Patients with this rare syndrome 
present with colicky right upper quadrant pain which progressively worsens and 
culminates with vomiting that provides instantaneous pain relief. Imaging may 
demonstrate a chronically dilated afferent limb, or postprandial ultrasound can con-
firm the diagnosis of acute distension of the afferent limb. Treatment is conversion 
to Roux-en-Y if technically feasible. An alternative would be Braun enterostomy if 
revision of the gastrojejunostomy is prohibitively difficult [4].

 Delayed Gastric Emptying

Severe delays in gastric emptying are quite rare. In those who undergo a truncal 
vagotomy in addition to partial gastrectomy, the incidence of gastric stasis is 3–5%. 
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Patients report postprandial bloating and fullness that lasts hours after oral intake. 
They may also regurgitate undigested food hours to days later. Patients can develop 
bezoars and bacterial overgrowth and demonstrate intolerance to solids while liq-
uids empty normally or rapidly [6]. Endoscopic evaluation of patients with previous 
gastrectomy shows retained food in 21% after an overnight fast. The incidence is 
highest in those with B1 reconstruction, though the significance is unclear. Diet 
modification or prokinetic drugs can be tried but have variable success. Patients 
rarely go on to require completion gastrectomy for this condition [4].

 Bile Reflux Esophagitis

Patients with this syndrome present with abdominal pain, bilious vomiting, and even 
weight loss. The symptoms result from the reflux of alkaline fluid into the stomach 
leading to gastritis. Aside from inflammation seen on endoscopy, the diagnosis can 
also be made with a technetium biliary scan which demonstrates bile reflux into the 
stomach. The syndrome is overwhelmingly associated with BII anatomy, occurring 
in approximately 70% of patients. Repeated studies have shown that bile reflux is 
significantly decreased in REY reconstruction compared with both BI and 
BII.  Though bile reflux occurs quite frequently, not all patients have debilitating 
effects related to it. Medical management includes many strategies including bile 
absorption with cholestyramine, antacid therapy, and coating medications like sucral-
fate [8]. Symptoms may also be managed by changing bile acid composition with 
ursodeoxycholic acid [9]. The effectiveness of these treatments is debated, but for 
patients who suffer significantly, conversion to REY often alleviates their symptoms. 
Other surgical options include Braun enterostomy and jejunal interposition loop [4].

 Ulcers

Anastomotic ulcers can occur in both BII and REY reconstruction. Patients may 
present with epigastric pain, bloating, and nausea. Bleeding can result in anemia 
and occult blood in the stool. Recurrent ulcers in patients with peptic ulcer disease 
are possible and may result from incomplete vagotomy. Nonsteroidal anti- 
inflammatory drugs (NSAIDs) and exposure to tobacco use can also cause ulcers. 
Less common reasons include Zollinger-Ellison syndrome and retained antrum. In 
the latter scenario, antral G cells present in the duodenal stump are bathed in alka-
line fluid which results in continued gastrin production. Gastrin prompts parietal 
cells in the proximal stomach to continuously secrete acid. The jejunal side of the 
gastrojejunostomy lacks protective agents produced by gastric mucosa and is prone 
to marginal ulcer formation [4]. The diagnosis can be made by checking serum 
gastrin levels and a [99mTc] pertechnetate scan. While more invasive, endoscopy 
with biopsy of the duodenal stump can also establish the diagnosis. Medical treat-
ment focuses on acid reduction with medications such as proton pump inhibitors. 
In  the setting of persistent symptoms, revision may be required in the form of 
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 duodenal cuff resection [7]. The retained-antrum syndrome remains quite rare but is 
a reminder that care should be taken to ensure all gastric tissue is resected. Outside 
of this condition, ulcers should be managed nonoperatively with acid suppression 
and avoidance of inciting factors such as very acidic foods, NSAIDs, and tobacco 
exposure. Symptoms can be managed with coating agents like sucralfate.

 Gastric Remnant Carcinoma

The risk of developing gastric remnant cancer has been investigated for many years, 
and several studies have endeavored to establish a difference in the risk profile for 
this morbidity between reconstruction types. Though it has been difficult to tease 
out the true risk associated with each, it does seem that, regardless of reconstruction 
type, patients who underwent resections performed for ulcer disease are at higher 
risk compared with other benign indications. A Swedish study did show an increased 
risk of developing cancer in the remnant when a BII is performed compared with 
B1. This was thought to be due to alkaline exposure which has been shown to 
increase risk of cancer in animal models [4].

 Conclusion

A review of the recent literature investigating reconstruction options after  partial 
gastrectomy appears to favor Roux-en-Y. Though REY has improved quality of 
life measures and decreased incidence of certain complications when compared 
with the BII, it is not always the best option for every patient requiring partial 
gastrectomy. The Billroth II reconstruction is still a useful adjunct for the 
 foregut surgeon, and in the setting of dense adhesive disease, need for biliary 
access or other patient- specific circumstances remains a relevant reconstructive 
option which can be performed with either open or laparoscopic techniques. 
Furthermore, though REY may be favored in the future, there remains a large 
patient population with Billroth II anatomy. Understanding the complications 
seen in Billroth II reconstruction remains relevant to surgeons who may provide 
care for these patients.
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 Introduction

 History

Peptic ulcer disease was once the most common indication for gastric surgery until 
the development and adoption of potent antisecretory medications [1]. Partial gas-
trectomy removes the portion of the stomach containing the ulcer, the gastrin- 
producing cells that stimulate acid secretion, and a variable number of acid-producing 
parietal cells depending upon the extent of the resection. Reconstruction of the 
stomach is necessary following partial gastrectomy to re-establish gastrointestinal 
continuity. The Billroth I, Billroth II, and Roux-en-Y reconstruction techniques are 
the most common.

The Roux-en-Y gastrointestinal anastomosis is a valuable and versatile tech-
nique used in the reconstruction and drainage of the stomach, esophagus, and bili-
ary tree. The Swiss surgeon César Roux first published the operation in 1893 in a 
case series of 29 gastrectomies performed between 1888 and 1893 with the intent of 
relieving gastric outlet obstruction [2]. He would later describe his reconstruction as 
the “ANSA en Y” anastomosis in an 1897 article detailing his first 50 gastroenteros-
tomies, describing his observations from all 50 patients, along with general discus-
sion of the surgical indications, approaches, and problems particularly observed 
with the gastroenterostomy.

The operation remained relatively unchanged for over a century; however, due to 
the high rate of marginal ulcers, the Roux-en-Y was largely abandoned by surgeons 
during the first half of the twentieth century and subsequently left out of many surgi-
cal textbooks. It has been readopted for treatment of postgastrectomy complications 
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after advances in gastric physiology led to surgical control of gastric acidity with 
vagotomy and acid-reducing medications [3]. The operation, currently widely per-
formed for many indications, has gained increasing popularity and notoriety by the 
general public due to its application in bariatric surgery.

This chapter will discuss some indications for a Roux-en-Y reconstruction 
related to peptic ulcer disease and gastric outlet obstruction, common techniques, 
and subsequent management.

 Indications

Elective surgery is uncommon for peptic ulcer disease in light of current medical 
treatments. The most common indications for elective and emergency surgery 
include bleeding, perforation, obstruction, intractable disease, and suspected 
malignancy [4].

Bleeding is the most common complication of peptic ulcer disease requiring 
hospitalization occurring in nearly 75% of patients compared to 9% and 3% for 
perforation and obstruction, respectively [5]. Most patients with acute bleeding can 
be managed with fluid resuscitation and transfusion, acid suppression therapy, and 
endoscopic intervention. For those who fail these efforts, surgery may become 
necessary.

Ulcer perforation may be suspected in patients with a history consistent with 
peptic ulcer disease who develop the sudden onset of severe, diffuse abdominal 
pain. Once a diagnosis of perforation is established, surgical intervention is 
indicated.

Peptic ulcer disease was once the most common cause of gastric outlet obstruc-
tion, accounting for up to 90 percent of cases, but is now the least common [6–8]. 
Both acute and chronic ulcers can result in obstruction, and surgical consultation is 
obtained for chronic partial obstruction that is refractory to medical treatment or 
those found to have complete gastric outlet obstruction. Surgery is usually reserved 
for patients that fail to respond to conservative medical management and endo-
scopic therapy.

Failure of medical treatment as an indication for elective gastric surgery is 
increasingly unusual. Severe symptoms, failure to heal on medical therapy, and 
relapse while on acid reduction therapy may indicate the need for surgical interven-
tion. Noncompliance with proton pump inhibitors, persistent H. pylori infection, 
continued smoking, and nonsteroidal anti-inflammatory use all contribute to refrac-
tory ulcerative disease [9]. Gastrinoma should be excluded before performing elec-
tive surgery [10], and malignancy should be suspected for a gastric ulcer that has 
failed to heal after 12 weeks of medical therapy. Resection is indicated even if biop-
sies are benign [11].

Historically the Roux-en-Y gained popularity as a reconstructive operation after 
gastrectomy yet, unfortunately, fell out of favor due to high complication rates. Gastric 
cancer is one of the most common cancers worldwide, and surgical resection remains 
the only option for definitive treatment of this malignant disease [12]. Laparoscopic 
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gastrectomy for gastric cancer has increased in popularity due to advances in surgical 
techniques, and recent studies have demonstrated similar oncologic results with lapa-
roscopic gastrectomies compared to open approaches [13–17].

 Gastrectomy Reconstruction

The three main reconstruction techniques after distal or subtotal gastrectomy are 
gastroduodenal anastomosis (Billroth I), gastrojejunal anastomosis (Billroth II), and 
Roux-en-Y gastrojejunostomy. Billroth II and Roux-en-Y anastomoses are recog-
nized as standard reconstruction procedures after distal gastrectomy. The Billroth I 
reconstruction is often complicated by gastroesophageal and duodenogastric reflux 
[18] in addition to severe gastritis, esophagitis, and recurrent gastric cancer [19, 20]. 
Additionally, a Billroth I is not indicated after a subtotal gastrectomy due to anasto-
motic tension. In many situations a Roux-en-Y reconstruction after a distal gastrec-
tomy has become increasingly more common as the procedure is successful in 
preventing reflux and has proven suitable for laparoscopy [21]. It is the reconstruc-
tion method of choice in total gastrectomy [22] as the advantages of improved post-
operative quality of life and decreased morbidity supersede the potential 
postoperative complications due to two gastrointestinal anastomoses and increased 
operating time [23].

Despite this data, many surgeons continue to choose a Billroth II reconstruction 
likely due to concerns about morbidity as a Roux-en-Y reconstruction is commonly 
viewed as a complicated procedure with more anastomoses and a duodenal stump 
[22]. Although Roux-en-Y patients experience less reflux than noted in Billroth 
reconstructions, patients report dumping symptoms to a greater extent.

 Conversion for Bile Reflux

Postgastrectomy bilious vomiting and abdominal pain have been described since the 
first successful procedures were performed in the late 1800s by Theodor Billroth. 
Bile reflux gastritis is most commonly seen after Billroth II reconstruction as a con-
sequence of a nonfunctional pyloric channel and exposure of the gastric mucosa to 
bile, pancreatic secretions, and duodenal contents. Bile reflux incidence following 
Billroth II anastomosis in published series ranges from 40% to 79% [24, 25]. It is 
known that the syndrome can also occur after subtotal gastrectomy and Billroth I 
anastomosis, as well as following truncal vagotomy and drainage with either a pylo-
roplasty or gastrojejunostomy [25].

Symptoms include burning epigastric pain, bilious emesis, oral aversion, and 
weight loss. Pain is unrelieved by acid suppression and is aggravated by both oral 
intake and the recumbent position. Bile reflux gastritis is often a diagnosis of exclu-
sion owing to the low specificity of endoscopic and histologic findings [25].

In healthy individuals, many anatomical structures play a role in preventing 
 gastroesophageal reflux including the lower esophageal sphincter, diaphragm, 
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abdominal esophagus, and the corrugation of the esophagogastric mucosal junc-
tion [26]. These reflux-preventive systems are disrupted by gastric surgery lead-
ing to reflux into the esophagus. Alkaline reflux is caused by reflux of pancreatic 
secretions and bile. In patients undergoing distal gastrectomy for gastric cancer, 
gastric hydrochloric acid secretion is generally reduced because of extensive 
resection of the glandular gastric fundus and dissection of the vagus nerve due to 
lymph node dissection. Therefore, the main aggravating factor for reflux esopha-
gitis is believed to be duodenal reflux into the stomach [27]. A Roux-en-Y anas-
tomosis with an appropriate 40 cm length Roux limb results in almost no reflux 
of duodenal secretions into the stomach and is unlikely to cause reflux esophagi-
tis [27, 28]. Medical management of bile reflux gastritis typically includes proki-
netic agents, cholestyramine, and dietary modification. The aim of surgery is to 
divert duodenal contents away from the gastric remnant and can be accomplished 
by creation or conversion to Roux- en- Y gastrojejunostomy with a Roux limb of 
at least 40 cm [27]. This is associated with symptomatic relief in up to 85% of 
patients [28].

 Technique

 Gastrectomy with Roux-en-Y Reconstruction

Preoperative work-up will vary depending on the appropriate indication and diagno-
sis. Endoscopic studies may be required in addition to imaging. Preoperative sys-
temic antibiotics should be given according to established guidelines. The blood 
volume should be restored, especially in patients with long-standing complaints and 
loss of considerable weight.

In the setting of a gastrectomy for carcinoma or other indications and a Roux- 
en- Y reconstruction has been selected, a proper exploration to rule out meta-
static disease and adequate dissection and division of the stomach should be 
performed. Subsequently a segment of jejunum approximately 20 cm distal to 
the ligament of Treitz is selected. A window in the mesentery is created and the 
bowel is divided with a linear stapler. The distal limb of the intestine is again 
brought either antecolic or through a mesenteric defect behind the transverse 
colon to the gastric remnant. The mesentery usually needs to be divided perpen-
dicular to the bowel to create enough length while preserving adequate blood 
supply to the bowel. A gastrojejunostomy can be constructed with absorbable 
sutures in a full-thickness single-layer anastomosis or in two layers with an 
inner layer of running 3-0 absorbable suture and imbricated with an outer 
layer  of interrupted silk sutures. A stapled gastrojejunostomy anastomosis is 
also acceptable.

The pancreatobiliary anastomosis is constructed by identifying a segment of the 
jejunum approximately 40–45 cm distal from the gastrojejunostomy. This anasto-
mosis is most easily performed in a side-to-side fashion, either stapled or hand sewn 
depending on surgeon preference.
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 Billroth Conversion

The skin of the lower chest as well as the abdomen is prepared in a routine manner, 
and for an open approach, the incision may be made through an old scar from the 
previous operation. The incision may need to extend cephalad for adequate exposure 
and exploration of the gastroesophageal junction to determine the adequacy of a pre-
vious vagotomy. Even when a previous vagotomy has been performed, it is advisable 
to search for overlooked vagal fibers, especially the posterior vagus nerves, unless 
firm adhesions between the undersurface of the left lobe of the liver and upper stom-
ach make such a search too hazardous. The previous gastrojejunostomy is freed to 
permit careful inspection and palpation for evidence of ulceration or stenosis or evi-
dence of long loop, angulations, or partial obstruction of the jejunostomy.

The extent of the previous resection must be determined to be certain that the 
antrum has been resected for prevention of retained-antrum syndrome. A complete 
vagotomy as well as antrectomy is recommended as a safeguard against recurrent 
ulceration [29–31].

When a Billroth I procedure is to be converted, it is essential to carefully dissect the 
anastomosis both anterior and posterior before applying clamps. Often mobilization 
and medial rotation of the duodenum were previously performed to reduce tension on 
the suture line, and it is important to maintain as much duodenum as possible while 
minimizing the amount of further mobilization in order to reduce the risk of injury to 
the ampulla in the first portion of the duodenum. The proximal duodenum can then be 
transected with either a linear cutting stapler or with a row of interrupted sutures. This 
suture line is then reinforced with a second layer of interrupted silk sutures.

A section of the jejunum 40–50 cm distal from the ligament of Treitz is selected 
and transected with either a linear cutting stapler or with a scalpel and closed with 
a double layer of sutures. The suture or staple line is imbricated again with inter-
rupted silk sutures. Special care should be taken to ensure that the corners are 
securely approximated. A retrocolic anastomosis can be created by passing the dis-
tal limb through an opening in the mesocolon to the left of the middle colic vessels. 
While a retrocolic anastomosis appears more anatomic, there is support for an 
antecolic anastomosis with data suggesting increased incidence of obstruction and 
Roux stasis syndrome with a retrocolic configuration [32, 33]. However, antecolic 
anastomoses have been associated with increased rate of marginal ulcers [34].

After it is certain that all of the antrum has been removed, the gastrojejunostomy 
is made with either an end-to-side or side-to-side configuration by a two-layer hand- 
sewn method or with a stapler device. If a retrocolic configuration was selected, the 
defect in the mesocolon is closed with interrupted sutures to avoid a possible inter-
nal hernia and avoid a twist or angulations of the jejunal limb.

For non-bariatric procedures, the jejunojejunal anastomosis should be at least 
40 cm from the gastrojejunal anastomosis. Either stapled or two-layer hand-sewn 
anastomosis can be chosen depending on surgeon preference. Mesenteries defects 
should be closed to reduce internal hernia risk. A nasogastric tube can then be 
directed through the anastomosis and advanced into the duodenum to ensure decom-
pression of the duodenal stump.
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 Postoperative Complications

Postoperative complications following Roux-en-Y reconstruction can be loosely 
grouped into early and late complications. Early complications typically occur 
within the immediate perioperative period, namely, within the first 2 weeks. Late 
complications typically arise after the second postoperative week. Medical compli-
cations, such as deep vein thromboses, pulmonary embolism, and myocardial 
infarctions, can occur following any operative intervention. Early complications 
include anastomotic or staple line leak, postoperative hemorrhage, bowel obstruc-
tion and internal hernias, and incorrect Roux limb reconstructions. Delayed compli-
cations include anastomotic stricture, stomal and marginal ulcer formation, and 
Roux stasis syndrome.

 Anastomotic Leaks

Anastomotic or staple line leaks are a dreaded and potentially devastating complica-
tion of any procedure [35]. Fortunately, the incidence of anastomotic leak is rela-
tively low at 0.4%–5.2% [36–38], and it has been suggested that surgeon experience 
plays an important role in lowering leak rates. A large retrospective series revealed 
an almost 40% reduction in leaks as the surgeons became more adept using the 
technique [35]. Appropriate training, mentorship, and meticulous adherence to 
operative techniques contribute to a decreased incidence [38]. Anastomotic leaks 
occur most frequently at the gastrojejunal anastomosis [37, 39], and early recogni-
tion of anastomotic leaks is critical to avoid further adverse outcomes [35]. The 
diagnosis of an anastomotic leak is typically based on clinical presentation, with or 
without the help of radiographic studies [40]. Clinical signs, such as tachycardia, 
fever, abdominal pain, purulent drain output, oliguria, and nausea or vomiting, are 
harbingers of a leak [39, 40]. Early operative management is the mainstay of treat-
ment to confirm and repair the leak, remove extraluminal enteric contents, and place 
closed- suction drains. The repair of the leak may be challenging, due to friability of 
the acutely inflamed tissues. In such cases, placement of drains may be the safest 
option. Placement of a distal feeding jejunostomy could also be considered, as this 
would allow for continued enteral nutrition, while bowel rest is maintained at the 
site of the leak.

 Hemorrhage

Postoperative bleeding is a serious early complication following surgery. In a sys-
tematic review comparing open versus laparoscopic Roux-en-Y gastric bypass 
patients, it was noted that the frequency of gastrointestinal tract hemorrhage was 
significantly higher in the laparoscopic cohort [41]. Overall incidence of post Roux- 
en- Y hemorrhage is difficult to generalize due to the vast settings and indications. 
In general there are two types of postoperative hemorrhage—bleeding into the 
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abdominal cavity (intra-abdominal) and intraluminal bleeding. Once again, reliance 
on clinical parameters and laboratory work-up become crucial. Features such as a 
large quantity of bloody fluid from the drains, tachycardia, drops in hemoglobin 
levels, bright red blood per rectum, hematemesis, and melena can be indicative of 
acute postoperative hemorrhage [40]. Re-exploration may be necessary in patients 
with significant hemorrhage or instability with the operative goal to evacuate the 
clot, to identify and control the site of hemorrhage, or to oversew staple lines [42].

 Obstruction and Hernias

Internal hernias are a common cause of small bowel obstruction following Roux- 
en- Y reconstructions [43, 44]. As previously discussed, the gastrojejunostomy can 
be accomplished using either an antecolic or retrocolic approach; thus a number of 
potential mesenteric defects are created. The retrocolic approach creates an addi-
tional defect through the transverse mesocolon in addition to one at site of the jeju-
nojejunostomy. A Petersen defect is created by the space between the Roux limb 
mesentery and the transverse mesocolon and acts as a site of potential internal her-
niation and obstruction. The antecolic approach eliminates the defect created in the 
transverse mesocolon, and it has been debated whether the additional defect con-
tributes to an increased incidence of internal hernia [45]. Many argue that internal 
hernia complications were relatively rare during the era of open Roux-en-Y recon-
structions and have become more frequent with the adoption of minimally invasive 
approaches [46]. Some groups suggest that the reduced bowel manipulation and 
peritoneal irritation with a laparoscopic approach causes fewer adhesions and thus 
results in reduced fixation of the Roux limb to help close mesenteric defects [46]. 
Inadequate closure of mesenteric defects is often blamed as a factor leading to 
strong support of closing all defects in an attempt to reduce herniation potential 
[45–48]. Internal hernias can pose a life-threatening risk to patients due to the pos-
sibility of strangulation of bowel loops trapped within the hernia. Unfortunately, 
internal hernias remain difficult to diagnose clinically or with radiographic imaging. 
Symptoms are typically sporadic and can range from non-focal colicky pain and 
distention to nausea, vomiting, and ultimately peritonitis and sepsis. A high index of 
suspicion must be maintained in patients exhibiting suspicious symptoms with a 
low threshold for surgical exploration.

 Roux-en-O Configuration

Another rare but devastating complication of laparoscopic Roux-en-Y reconstruc-
tions involves the inadvertent anastomosis of the proximal biliopancreatic limb of 
the jejunum to the stomach in conjunction with a misplaced jejunojejunostomy. 
This so- called Roux-en-O construction gives rise to a blind loop [49]. This is a rare 
complication; however, it deserves mentioning as it can easily be avoided and the 
consequences can be profound. Patients with the Roux-en-O configuration typically 
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present with early postoperative abdominal pain, biliary emesis, esophagitis, and 
severe dehydration. This vague constellation of symptoms can cause diagnostic dif-
ficulty. Sherman et al. discovered that ultimately, hepatobiliary iminodiacetic acid 
(HIDA) scanning was able to facilitate the diagnosis by revealing reflux of radioac-
tive tracer from the duodenum to the esophagus [49]. Prevention remains the best 
management strategy. It is recommended that the pancreaticobiliary limb be no lon-
ger than 50 cm, thus reducing its redundancy and the ease with which it can be con-
nected incorrectly to the stomach. Additionally, marking the different limbs with a 
suture for identification aides in differentiation. As a final safety measure, the pan-
creaticobiliary limb should be traced back to the ligament of Treitz so that proper 
orientation is assured before completing the gastrojejunostomy.

 Roux Stasis Syndrome

About 30% of patients who have a Roux-en-Y gastrojejunostomy after gastrectomy 
suffer from early satiety, abdominal pain, nausea, vomiting, and bloating [50]. This 
syndrome, called Roux stasis syndrome, is caused by a motility disorder of the 
Roux limb. Transection of the jejunum separates the limb from the natural small 
intestinal pacemaker located in the duodenum. Ectopic pacemakers in the jejunum 
trigger retrograde contractions in its proximal portion, slowing transit through the 
limb and result in stasis. Current nonsurgical treatment of the syndrome includes the 
use of prokinetic agents such as metoclopramide or erythromycin or intestinal pac-
ing, neither of which has demonstrated long-term benefits [51].

Similar symptoms can be experienced with gastric dysmotility or anastomotic 
stricture. Failure to improve with medical and endoscopic management may indi-
cate surgical intervention. Promising results have been demonstrated with a near- 
total gastrectomy, especially if gastric dysmotility is suspected. Tu et al. demonstrated 
effective prevention by the use of an “uncut” Roux limb to preserve myoneural 
continuity between the duodenal pacemaker and the Roux limb [52, 53]. Studies 
have also noted that longer length (41 cm versus 36 cm) of the Roux limb was asso-
ciated with higher rates of Roux stasis syndrome, but this must be balanced against 
the risk of afferent loop syndrome [50, 54].

 Ulcers

Stomal ulcers are a concern because there is less alkaline bile reflux into the stom-
ach and the jejunum is vulnerable to acid. It has been acknowledged that Roux-en-Y 
anatomy contradicts the physiological principle that the mucosa of the small intes-
tine should not be exposed to acidic peptic juice in the absence of alkaline secre-
tions. However, a distal gastrectomy usually results in reduced gastric acid secretion 
because dissection of the anterior vagal trunk [55] and the glandular gastric fundus 
is often resected. In a study of European and American patients, the primary disease 
in stomal ulcer was duodenal ulcer in 95% of cases compared to gastric ulcers in 3% 
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of cases [56]. Conversely, in Japan the primary disease was duodenal ulcer in 65.9% 
of cases and gastric or gastroduodenal in 34% [57]. These findings show that preop-
eratively duodenal ulcers are frequently the primary disease in stomal ulcers and 
that gastric ulceration secondary to cancer is a relatively rare cause. However, it is 
important to note that these studies were conducted before the Roux-en-Y recon-
struction was widely adopted for reconstruction after a distal gastrectomy for gas-
tric cancer. In summary, these findings indicate that stomal ulcers can be avoided in 
a Roux-en-Y reconstruction if the acid-secreting region is resected, a complete 
antrectomy is carried out, and a proper vagotomy is performed [54].

 Cholelithiasis: ERCP Access

Cholelithiasis occurs in 10%–20% of all patients undergoing a gastric resection, 
typically within 3 years after surgery [54]. The involvement of the hepatic branch of 
the vagus nerve and the hepatic branch which connects with the celiac branch is 
strongly associated with the development of gallstones, as is delayed gastric evacu-
ation due to the decreased movement of the residual stomach after a gastrectomy 
[58]. Other factors that affect gallbladder motility include changes in the secretion 
of gut hormones such as cholecystokinin (CCK) and a decreased sensitivity of CCK 
receptors in the gallbladder wall. The reconstructed anatomy also makes it difficult 
to perform either diagnostic or therapeutic endoscopic procedures. Although there 
is currently no consensus regarding the need for a prophylactic cholecystectomy in 
most gastrectomy procedures, it has been suggested for consideration in procedures 
requiring extensive lymph node dissection, total gastrectomy, vagal trunk dissec-
tion, or vagotomy [59].

The challenges in patients with Roux-en-Y anatomy are threefold. One challenge 
involves the altered anatomy in terms of reaching the major papilla. Although better 
endoscopes have recently become available, the distance involved is a significant 
challenge. The second challenge involves orientation. Endoscopists use front- 
viewing scopes; however, the papilla is usually in an upside-down configuration, 
which is the opposite of what endoscopists are used to. These scopes often do not 
have elevators; therefore, scope positioning must be precise in order to maneuver 
the instruments in the correct orientation. The third challenge involves the instru-
ments. The currently available instruments that were actually designed for the long 
endoscopes required for performing ERCP in these patients are very few and 
extremely limiting.

Multiple techniques have been described to access the pancreaticobiliary limb. 
Surgery-assisted ERCP can be performed in the operating room by having the sur-
geon bring the excluded portion of the stomach and to access percutaneously with a 
laparoscopic trocar through which a standard side-viewing duodenoscope is 
advanced and a standard ERCP is then performed [60]. Another alternative includes 
using a single-balloon or double-balloon enteroscope through the mouth, through 
the Roux limb to the jejunojejunostomy, and then up the pancreaticobiliary limb 
retrograde, where the papilla is identified and accessed. This technique is more 
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demanding. The therapeutic success rates of the laparoscopy-assisted and balloon 
enteroscopy-assisted approaches are 100 and 59 percent, respectively. Interestingly, 
in patients with a Roux plus pancreaticobiliary limb length less than 150 cm, bal-
loon enteroscopy-assisted ERCP has a success rate of over 85 percent [61].

 Conclusion

Since César Roux’s first 50 cases in the late nineteenth century, the Roux-en-Y 
operation has become a standard in gastrointestinal surgery with well-defined 
applications and effectiveness. The choice of reconstruction following gastric 
resection for ulcer disease or distal gastrectomy for tumor depends upon the 
remnant anatomy available for reconstruction. It is the reconstruction of choice 
of many surgeons for gastric resections [22]. Although complication rates are 
similar, a meta-analysis of 15 randomized trials comparing reconstructions fol-
lowing gastrectomy demonstrated that a Roux-en-Y reconstruction is better tol-
erated and leads to a better quality of life with less reflux compared to Billroth 
reconstructions [62, 63]. Limitations exist including leaks, internal hernias, and 
Roux stasis syndrome. Over time the operation has proven safe, effective, and 
feasible for many surgeons. It is effective in reducing reflux gastritis and esopha-
gitis, decreasing risks of recurrent gastric cancer [54, 62, 63]. The operation 
remains a staple in the armamentarium of general surgeons around the world and 
commonplace due to its application in bariatric surgery.
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61Postgastrectomy Syndromes
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 Introduction

Due to the development of effective medical therapy for peptic ulcer disease (PUD) 
[1, 2] and a decreasing incidence of gastric cancer [3], gastric resections are now 
less commonly performed in the USA. Nevertheless, over 3000 operations were 
performed during hospitalizations for PUD in 2006 [4], and there will still be an 
estimated 26,370 new cases of gastric cancer in the USA in 2016 [5]. Furthermore, 
the shift in demographics toward older cancer patients and those who require urgent 
or emergent surgery for complicated PUD means that gastrectomies are now per-
formed on a higher-risk population than ever before [6]. Thus, it remains crucial for 
the general surgeon and the surgical oncologist to be familiar with gastrectomy and 
its associated complications.

Gastric operation results in a variety of physiological disturbances. Two key con-
tributors to postoperative gastrointestinal dysfunction are resection or division of 
the pylorus, which removes the normal barrier to gastric outflow, and vagal denerva-
tion, which disrupts regulation of gastrointestinal motility and bile secretion. These 
derangements can manifest as one of several “postgastrectomy syndromes,” and this 
chapter discusses the pathophysiology, diagnosis, and management of each of these 
syndromes. In section “Complications After Bariatric Surgery”, we also briefly dis-
cuss complications after surgery for morbid obesity, which has now become the 
most common indication for elective gastric surgery. In fact, similar mechanisms 
may contribute to symptoms and even weight loss after these procedures [6, 7].
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 Types of Gastric Operations

Gastric resections can be classified as partial or total. Partial gastrectomy, which 
consists of any resection that does not remove the entire stomach, encompasses 
wedge resection, sleeve gastrectomy, distal gastrectomy, and segmental pylorus- 
preserving gastrectomy. Total gastrectomy involves removal of the entire stomach, 
including the gastroesophageal junction and the pylorus. Vagotomy and drainage 
operations do not involve gastric resection but can also cause postgastrectomy syn-
dromes. A vagotomy can be truncal, in which the main vagal trunks are divided at 
the distal esophagus, or highly selective, in which only the terminal vagal branches 
to the corpus and fundus are divided, sparing the “crow’s foot” that innervates the 
antrum and pylorus. Truncal vagotomy leads to delayed gastric emptying unless a 
drainage operation is also performed [8]. The simplest is a Heineke-Mikulicz pylo-
roplasty, which involves making a longitudinal incision along the pylorus then clos-
ing it transversely, resulting in a less competent pylorus. Highly selective vagotomy 
does not require routine drainage.

Postgastrectomy syndromes occur when the pylorus is resected or divided and/or 
the vagus nerve or its branches are transected, although symptoms of early satiety, 
a component of several syndromes, can develop after any gastric resection. As such, 
postgastrectomy syndromes are typically associated with distal gastrectomy, total 
gastrectomy, or vagotomy and/or drainage alone. Wedge resection and sleeve gas-
trectomy do not usually cause postgastrectomy syndromes, though sleeve gastrec-
tomy is effective because it reduces the gastric remnant and can cause various other 
complications. Segmental gastrectomy is a pylorus- sparing option for proximal 
early-stage gastric cancers that is commonly associated with delayed gastric empty-
ing. However, it is primarily performed in Japan and South Korea, where the inci-
dence of early-stage gastric cancers is much higher due to screening programs [9, 
10]. Segmental gastrectomy is uncommon in the USA, where most surgeons favor 
total gastrectomy for proximal cancers.

 Types of Reconstruction After Distal or Total Gastrectomy

After resection of the pylorus, several options exist to restore gastrointestinal conti-
nuity. As described in detail in the previous chapters, the three main techniques are 
the Billroth I, the Billroth II, and the Roux-en-Y.

The Billroth I can be performed after a distal gastrectomy by creating an end-to- 
end anastomosis between the remnant stomach and the duodenum (Fig.  61.1a). 
Advantages of the Billroth I include the preservation of gastroduodenal passage of 
food, which theoretically protects against malabsorption, and the need for only one 
suture/staple line. However, patients who have had a Billroth I are at risk for dump-
ing syndrome and alkaline reflux gastritis [11], which will both be discussed in 
section “Postgastrectomy Syndromes”. Furthermore, a Billroth I is not feasible if 
the relatively immobile duodenum cannot reach the stomach remnant without 
tension.
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Fig. 61.1 Reconstruction options after a partial gastrectomy include (a) Billroth I, (b) Billroth II, 
or (c) Roux-en-Y
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The Billroth II is performed by bringing up a loop of proximal jejunum to the 
stomach to create an end-to-side gastrojejunal anastomosis (Fig. 61.1b). This cre-
ates an afferent limb and efferent limb. The afferent limb is the duodenojejunal seg-
ment proximal to the gastrojejunostomy into which the pancreatic and common bile 
ducts drain, and the efferent limb is the jejunal limb distal to the gastrojejunostomy. 
The Billroth II can be performed after more extensive gastric resections that do not 
allow for a Billroth I due to excessive tension. However, it leads to formation of a 
duodenal stump, which can leak and lead to significant morbidity and mortality 
[12–14]. In addition, the afferent limb can become kinked or obstructed [15]. 
Finally, the Billroth II increases the risk of malabsorption due to loss of gastroduo-
denal continuity, and patients are also at risk of dumping syndrome and alkaline 
reflux gastritis.

The Roux-en-Y is the third reconstructive option and is most commonly used 
after a total or near-total gastrectomy. After division of the jejunum, two anasto-
moses are performed: one connecting the distal jejunum to the remnant stomach 
or esophagus to form the Roux limb and another connecting the proximal jeju-
num to the Roux limb to produce a Y-shaped configuration (Fig.  61.1c). The 
Roux-en-Y creates the most separation between the common bile duct and the 
stomach and has the lowest risk of alkaline reflux gastritis. However, it is more 
prone to slow-transit syndromes than the Billroth I or II due to the inherent dys-
motility of the Roux limb [16].

 Postgastrectomy Syndromes

The majority of evidence attributes the development of postgastrectomy syndromes 
to derangements caused by loss of pyloric function and/or normal vagal innervation. 
Postgastrectomy syndromes can be broadly categorized into rapid- and slow-transit 
syndromes. Rapid-transit syndromes include dumping syndrome and post- vagotomy 
diarrhea, and slow-transit problems include delayed gastric emptying, alkaline 
reflux gastritis, and Roux limb stasis.

 Dumping Syndrome

One of the first descriptions of dumping syndrome was published by Dr. Arthur 
Hertz in 1913, who described “too rapid drainage of the stomach” after gastroenter-
ostomy as seen on barium swallow [17]. The syndrome encompasses a constellation 
of gastrointestinal and vasomotor symptoms that patients experience following a 
meal. Dumping is further sub-categorized as early dumping or late dumping. Early 
dumping, which is the most common, occurs 15–30 min after a meal. Symptoms 
include flushing, palpitations, diaphoresis, nausea, bloating, and diarrhea. Late 
dumping, which occurs in 25% of cases, occurs several hours after eating and is 
characterized by palpitations, dizziness, and a strong desire to lie down [18]. After 
distal gastrectomy, approximately 10–20% of patients initially experience dumping 
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syndrome [18, 19], though it can also occur after total gastrectomy or drainage pro-
cedures such as pyloroplasty.

The pathophysiology of dumping syndrome has not been completely defined, but 
is thought to be primarily due to loss of pyloric function as well as decreased gastric 
accommodation in response to distension [20]. As a result, there is rapid emptying 
of hyperosmolar gastric contents into the small bowel after a meal. The osmotic 
gradient pulls excess fluid into the intestinal lumen, which can cause intestinal dis-
tension and hypermotility leading to nausea, bloating, and diarrhea. In addition, the 
prematurely emptied gastric contents contain abnormally high levels of carbohy-
drates, which stimulate release of hormones such as neurotensin and vasoactive 
intestinal polypeptide to produce flushing, palpitations, and diaphoresis [21]. 
Finally, this carbohydrate load also stimulates an insulin surge that leads to post-
prandial hypoglycemia [22], which is thought to be the cause of late dumping.

Diagnosis of dumping syndrome is primarily clinical and is based on a history of 
the above symptoms in a postgastrectomy patient. If the diagnosis is uncertain, one 
can employ a monitored glucose challenge to see if dumping symptoms can be 
reproduced. After a 50-gram glucose challenge in a patient who has been fasting for 
at least 10 h, a rise in heart rate by at least 10 beats per minute within the first hour 
is considered diagnostic [23]. A gastric emptying study or an upper gastrointestinal 
series can also be used to demonstrate rapid emptying of gastric contents and help 
exclude alternative diagnoses (Table 61.1).

Table 61.1 Differential diagnosis and diagnostic evaluation of postgastrectomy syndromes

Differential diagnosis Diagnostic studies
Dumping syndrome Post-vagotomy diarrhea

Irritable bowel syndrome
Lactose intolerance
Gastroenteritis

Fasting glucose challenge
Upper GI series
Nuclear gastric emptying study

Post-vagotomy 
diarrhea

Dumping syndrome
Irritable bowel syndrome
Lactose intolerance
Gastroenteritis

Diagnosis of exclusion, rule out other 
etiologies

Delayed gastric 
emptying

Mechanical obstruction
Postoperative ileus
Roux limb stasis (RY)
Anastomotic stricture
Ulcer

Upper GI series
Upper endoscopy
Nuclear gastric emptying study

Alkaline reflux 
gastritis

Delayed gastric emptying
Afferent loop obstruction 
(BII)
Ulcer

Upper endoscopy
Gastric pH monitoring
Cholescintigraphy

Roux limb stasis Delayed gastric emptying
Mechanical obstruction
Postoperative ileus
Anastomotic stricture
Ulcer

Upper GI series
Upper endoscopy
Nuclear gastric emptying study

RY Roux-en-Y, BII Billroth II, GI gastrointestinal

61 Postgastrectomy Syndromes



714

Management of dumping syndrome, both early and late, is primarily conserva-
tive. Most patients can be successfully managed with changes in dietary habits. 
Frequent small meals, meals high in protein and fiber and low in carbohydrates, and 
separation of liquid and solid foods during meals have all been effective [18]. 
Patients who are refractory to dietary modifications may benefit from octreotide, a 
somatostatin analog that inhibits secretion of insulin and various other gut-derived 
hormones and also slows gastric emptying and small bowel motility. Octreotide has 
been demonstrated to be superior to placebo in improving dumping symptoms as 
well as stabilizing fasting glucose levels. Short-term relief occurs in almost 100% of 
treated patients, and long-term symptom control occurs in up to 80% of patients at 
3 months [24–27]. Side effects include diarrhea and steatorrhea, and the drug is still 
only available in subcutaneous injection form. For patients with late dumping, acar-
bose, an α-glycoside hydrolase, may be effective as well based on evidence from 
small series [28]. Acarbose delays carbohydrate digestion and thus blunts the insu-
lin surge that causes late dumping symptoms.

For the small group of patients with intractable dumping syndrome refractory to 
both dietary changes and medical therapy, reoperation may be indicated. In patients 
with a Billroth II, revision to a Roux-en-Y may help relieve dumping. The Roux 
limb has impaired motility, which may help slow the transit of chyme from the 
stomach to the remainder of the small bowel.

 Post-Vagotomy Diarrhea

Twenty-five percent of patients who have undergone truncal vagotomy develop 
post-vagotomy diarrhea [29]. Fortunately, most cases are self-limited and resolve 
over time. The pathophysiology is not entirely clear, but may be due to excess secre-
tion of unconjugated bile salts due to vagal denervation of the biliary system [30].

The diagnosis is made clinically, and it may be difficult to distinguish from the 
dumping syndrome discussed above. Dietary modifications, such as small frequent 
meals and addition of fiber, may help some patients. A trial of cholestyramine, an 
oral bile salt binder, may also be effective [29, 30]. For the small group of patients 
with intractable diarrhea refractory to medical management, creation of an antiperi-
staltic jejunal segment has been employed with at least anecdotal success. In this 
technique, a 10 cm segment of jejunum 100 cm distal to the ligament of Treitz is 
reversed and re-anastomosed end-to-end (Fig. 61.2a) [31].

 Delayed Gastric Emptying

On the opposite side of the spectrum, some patients who have undergone partial 
gastrectomy suffer from delayed gastric emptying. Contributing factors are thought 
to include denervation of the stomach remnant, postoperative gastric atony, and 
another underlying exacerbating factor such as a marginal ulcer. Symptoms include 
fullness and early satiety, abdominal pain, nausea, and non-bilious emesis of 
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undigested food. While 32% of patients may have evidence of prolonged gastric 
food retention on upper endoscopy 1 year after a Billroth I or II reconstruction (with 
higher rates after a Billroth I) [32], clinically significant delayed gastric emptying 
affects a much smaller proportion of patients.

In evaluating a patient with delayed gastric emptying, one must exclude a 
mechanical obstruction and also evaluate for additional underlying pathology. An 
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Fig. 61.2 (a) Antiperistaltic jejunal interposition for treatment of refractory post-vagotomy diar-
rhea. (b) Braun enteroenterostomy and (c) Henley jejunal interposition for treatment of alkaline 
reflux gastritis
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upper gastrointestinal series should be performed to rule out obstruction, and upper 
endoscopy should be performed to evaluate for anastomotic stricture or marginal 
ulcers. A nuclear medicine gastric emptying test can also demonstrate impaired gas-
tric emptying.

Many patients improve over time with conservative treatment, which consists of 
small, frequent meals to limit gastric volume. Prokinetic agents such as metoclo-
pramide and erythromycin may be useful as well. A few select centers offer gastric 
pacing [33], but this is currently considered experimental therapy.

Surgery is indicated for patients who fail conservative and medical therapy. In 
general, the goal is to reduce the size of the remnant stomach. A partial gastrectomy 
can be converted to a subtotal gastrectomy or completion gastrectomy with esoph-
agojejunostomy. If possible, a Billroth II reconstruction is preferred over a Roux- 
en- Y reconstruction, because the Roux limb itself is thought to contribute to slow 
transit.

 Alkaline Reflux Gastritis

After removal of the pylorus, bile can reflux into the stomach. This is much more 
common after a Billroth I or II than after a Roux-en-Y, since the intestinal length 
between the common bile duct and the gastro- or esophago-enterostomy is the 
greatest after a Roux-en-Y.  There is evidence that bile salts can damage gastric 
mucosa and cause foveolar hyperplasia and chronic atrophic gastritis [34] and that 
bile salts lead to gastroesophageal cancer in animal models [35]. However, the clini-
cal significance of bile reflux in humans is more controversial, as while the majority 
of patients without pyloric function have bile reflux, only a small proportion develop 
clinical symptoms of burning epigastric discomfort or nausea.

The diagnosis of alkaline reflux involves demonstrating objective evidence of 
bile reflux in a postgastrectomy patient and excluding alternative diagnoses. Bile 
reflux can be demonstrated by upper endoscopy with or without biopsy, gastric pH 
monitoring demonstrating alkaline reflux, or cholescintigraphy demonstrating gas-
tric reflux of bile. Upper endoscopy can also identify other etiologies of epigastric 
pain and nausea, such as anastomotic stricture or ulceration.

There are several medical treatment options available, with ursodeoxycholic acid 
and sucralfate having the most success in small trials. Ursodeoxycholic acid signifi-
cantly improved symptoms but not histologic features, while sucralfate improved 
histologic features but not symptoms [13, 36]. Definitive management of clinically 
significant alkaline reflux gastritis is surgical, though the choice of operation 
depends upon the patient’s anatomy. A Billroth I or II can be revised to a Roux-en-Y 
reconstruction to increase the distance between the common bile duct and the gas-
troenterostomy [37]. For patients with a Billroth II, other options include a Braun 
enteroenterostomy placed 30 cm from the gastroenterostomy to divert bile away 
from the stomach (Fig. 61.2b) [38] or a Henley jejunal interposition, which involves 
placing a 20 cm isoperistaltic jejunal segment between the gastric remnant and the 
duodenum (Fig. 61.2c) [39].
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 Roux Limb Stasis

After Roux-en-Y reconstruction, up to 30% of patients may develop Roux limb 
stasis [40]. This syndrome is thought to occur due to antiperistalsis in the Roux 
limb that propels intestinal contents retrograde toward the stomach as opposed to 
antegrade toward the common channel [41]. Roux limb stasis does not seem to be 
associated with vagotomy but is associated with longer Roux limb length [40]. 
Patients with Roux limb stasis experience symptoms similar to those of other slow-
transit syndromes, such as epigastric fullness and pain, nausea, vomiting, and 
weight loss.

Diagnostic evaluation for suspected Roux limb stasis is similar to that of delayed 
gastric emptying, and it is again crucial to rule out mechanical obstruction. Both an 
upper gastrointestinal series and a nuclear gastric emptying study may show similar 
findings to patients with delayed gastric emptying but can also show a dilated and/
or flaccid Roux limb. Upper endoscopy should also be performed to rule out other 
diagnoses.

Once the diagnosis is established, medical therapy consists of prokinetic agents 
such as metoclopramide or erythromycin. Patients refractory to medical therapy 
should undergo reoperation, which usually involves resecting the dysfunctional 
Roux limb and redoing the Roux-en-Y reconstruction. Alternatively, total gastrec-
tomy may be of benefit in some patients.

 Other Postgastrectomy Conditions

 Afferent Loop Syndrome

Afferent loop syndrome can occur after a Billroth II if the afferent limb becomes 
obstructed from kinking, postoperative adhesions, volvulus, intussusception, or 
anastomotic stricture. Patients may present acutely with severe abdominal pain and 
vomiting or chronically with postprandial episodic epigastric pain followed by bil-
ious vomiting that relieves the pain. An acute obstruction requires emergent reop-
eration, because the patient is at imminent risk for bowel ischemia and a duodenal 
stump blowout. Chronic obstruction can be treated electively with a Braun entero-
enterostomy to decompress the afferent limb into the efferent limb, revision of the 
Billroth II anastomosis to correct a mechanical obstruction, or conversion to a 
Roux-en-Y [6, 42].

 Gastric Remnant Carcinoma

As discussed in section “Postgastrectomy Syndromes: Alkaline Reflux Gastritis”, 
the gastric remnant is more exposed to bile and pancreatic secretions after a Billroth 
I or II, which in animal models seem to be carcinogenic. There is indeed also evi-
dence that humans who have had a partial gastrectomy for benign disease may be at 
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increased risk for carcinoma in the gastric remnant [43, 44]. However, these studies 
found that the increased risk does not appear until 10–20  years after surgery. 
Furthermore, this risk does not seem high enough to justify mandatory endoscopic 
surveillance for all patients.

 Malnutrition

Patients who have had gastroduodenal bypass with a Billroth II or Roux-en-Y can 
develop deficiencies in minerals absorbed in the duodenum and proximal jejunum 
such as calcium, iron, copper, and zinc. Patients who have had a total gastrectomy 
are also at risk for vitamin B12 deficiency due to loss of parietal cells and intrinsic 
factor production. Postoperatively, patients should be provided with an appropri-
ately tailored regimen of oral supplements, which at high enough doses usually 
overcome malabsorption. Patients who develop clinical symptoms of malnutrition 
or do not tolerate oral supplementation may require parenteral supplementation via 
the intravenous or intramuscular routes.

 Complications After Bariatric Surgery

Here we briefly discuss several complications after bariatric surgery. Laparoscopic 
sleeve gastrectomy and laparoscopic Roux-en-Y gastric bypass are the two most 
common procedures performed in the USA [45], so the sequelae of these two 
operations will be the focus of the discussion. Laparoscopic adjustable gastric 
banding, which was popular in the past, has declined precipitously in use, and 
biliopancreatic diversion with duodenal switch is no longer performed at most US 
centers [45].

 Dumping Syndrome and Malnutrition

Dumping syndrome, as discussed in section “Postgastrectomy Syndromes: 
Dumping Syndrome”, can also occur in up to 75% of patients after Roux-en-Y 
gastric bypass [46], since food is rerouted past both the pylorus and the vast 
majority of the stomach. The clinical presentation, diagnosis, and management 
are identical to non-bariatric patients, except that surgery for refractory dumping 
in this population usually involves bypass reversal. Fortunately, most patients 
improve with dietary modifications. Gastric bypass, which by design is a malab-
sorptive weight-loss procedure, also predictably puts patients at risk for malnutri-
tion (see section “Other Postgastrectomy Conditions: Malnutrition”), as food no 
longer flows past the distal stomach, duodenum, or proximal jejunum. Appropriate 
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monitoring of labs such as iron studies, complete blood count, and vitamin B12 
levels is crucial, and multivitamin and mineral supplementation should be tailored 
accordingly.

 Marginal Ulcer

Ulcers, adjacent to the gastrojejunostomy can occur after Roux-en-Y gastric bypass, 
or after gastrectomy with Billroth II or Roux-en-Y reconstructions, due to exposure 
of the jejunum to acid. Marginal ulcers are associated with use of nonsteroidal anti- 
inflammatory drugs (NSAIDs), smoking, and gastro-gastric fistulas in bypass 
patients, since the excluded gastric remnant contains the vast majority of acid- 
producing cells [47]. Patients often present with nausea, pain, or symptoms of 
bleeding such as hematochezia or iron-deficiency anemia. The diagnosis can be 
confirmed by upper endoscopy, and patients should also be tested for H. Pylori and 
treated appropriately if positive. Management consists of avoidance of NSAIDs, 
smoking cessation, and therapy with proton pump inhibitors (PPIs) plus sucralfate. 
Patients with persistent symptoms, refractory bleeding, or signs of perforation 
require surgery, which involves revision of the gastrojejunostomy plus a truncal 
vagotomy.

 Internal Hernia

Internal hernia is a dreaded complication after any Roux-en-Y reconstruction. The 
Roux-en-Y creates up to three potential internal herniation sites: (1) a space between 
the transverse mesocolon and small bowel limb mesentery (Petersen’s defect), (2) a 
space between the two jejunal limb mesenteries near the jejunojejunostomy, and (3) 
a defect in the transverse mesocolon if a retrocolic Roux limb is used. Patients pres-
ent with signs of bowel obstruction, including nausea, vomiting, and abdominal 
pain. An abdominal CT scan should be obtained in any patient suspected of having 
an internal hernia. Management involves emergent reoperation to reduce the hernia 
and resect any necrotic small bowel. The risk of internal hernia can be reduced with 
careful closure of all mesenteric defects at the initial operation.

 Gastric Stricture

Gastric strictures can develop after sleeve gastrectomy, most commonly at the 
gastroesophageal junction or incisura angularis [48]. Contributing technical fac-
tors include using a bougie that is too small or excessive oversewing of the gastric 
staple line. Strictures may also develop after scarring from a staple line leak. 
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Patients present with nausea, vomiting, epigastric pain, and heartburn. The diag-
nosis is made with an upper gastrointestinal series, and initial management con-
sists of serial endoscopic dilations. Patients refractory to endoscopic therapy may 
require reoperation, which consists of gastric stricturoplasty, resection of the 
strictured segment with gastrogastrostomy, or conversion to a Roux-en-Y gastric 
bypass.

 Gastroesophageal Reflux

A sleeve gastrectomy increases intragastric pressure [49], which can predispose 
patients to developing gastroesophageal reflux. After ruling out anatomic causes, 
such as a stricture, with upper endoscopy or an upper gastrointestinal series, patients 
with reflux symptoms should be trialed on PPIs. Patients who cannot be managed 
medically usually require conversion to a Roux-en-Y gastric bypass.

 Summary

Following distal or total gastrectomy or vagotomy with or without drainage, either 
rapid- or slow-transit postgastrectomy syndromes can develop due to the effects of 
pyloric resection and/or vagal denervation. The different gastric reconstruction 
options each carry different risks of causing the various postgastrectomy syndromes. 
The gastric surgeon should be well aware of the pathophysiology and clinical 

Table 61.2 Summary of management of postgastrectomy syndromes

Dietary/medical management Surgical management
Dumping 
syndrome

Small, frequent meals
Low-carbohydrate diet
Avoid liquid with solid meals
Octreotide
Acarbose (late dumping)

Conversion to RY (BI, BII)

Post-vagotomy 
diarrhea

Frequent small meals, fiber
Small, frequent meals
Cholestyramine

Antiperistaltic jejunal interposition

Delayed gastric 
emptying

Small meals
Metoclopramide
Erythromycin

Conversion of a partial to a near-total 
or total gastrectomy

Alkaline reflux 
gastritis

Ursodeoxycholic acid
Sucralfate

Conversion to RY (BI, BII)
Braun enteroenterostomy (BII)
Henley loop interposition (BII)

Roux limb stasis Metoclopramide
Erythromycin

Redo RY

RY Roux-en-Y, BI Billroth I, BII Billroth II
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presentation of each syndrome, the necessary studies to conduct, and the medical 
and surgical management options available for patients (Table 61.2).
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62Evaluation and Management: Recurrent 
Peptic Ulcer Disease
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 Management of Refractory or Recurrent Peptic Ulcer Disease

The major causes of peptic ulcer disease (PUD) are smoking, nonsteroidal anti- 
inflammatory drug (NSAID) use, and Helicobacter pylori (H. pylori) infection. The 
vast majority of peptic ulcers respond to antimicrobial therapy for H. pylori infec-
tion, treatment with antisecretory therapy, and withdrawal of inciting factors. 
However, not all peptic ulcers are easily eradicated and may persist. A refractory or 
recurrent peptic ulcer is defined as an endoscopically proven ulcer greater than 
5 mm that does not heal after 12 weeks of appropriate treatment or recurs after 
complete healing of the previous site [1]. In this chapter, we will focus our discus-
sion on the management of refractory and recurrent peptic ulcers.

 Endoscopic Evaluation

Routine management of benign gastric ulcers relies on eradication of H. pylori, 
withdrawal of inciting factors such as smoking and NSAID use, and treatment with 
antisecretory therapy. Endoscopic evaluation after initial therapy for gastric ulcers 
should be individualized but is generally recommended after 8–12 weeks of treat-
ment in patients affected by gastric ulcers [2]. Importantly, however, repeat endos-
copy may not be necessary in patients with benign appearing ulcers with a 
determined etiology or resolution of symptoms after a course of appropriate therapy 
[3–5]. After initial treatment, refractory or recurrent gastric ulcers should undergo 
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multi-quadrant biopsies including both the edges and the base of the ulcer along 
with testing for H. pylori. Routine surveillance after treatment of duodenal peptic 
ulcers is not recommended due to the exceedingly low malignancy rate and the fact 
that the vast majority of duodenal ulcers respond within 4  weeks to appropriate 
antisecretory therapy [6, 7]. Repeat endoscopy should be considered in patients 
with duodenal ulcers experiencing persistent symptoms despite appropriate 
therapy.

 Etiology and Management

The presence of refractory ulcers on repeat endoscopy after 8–12 weeks of treat-
ment prompts further evaluation for underlying risk factors and other etiologies for 
PUD. Up to 10% of peptic ulcers are refractory to initial treatment, and up to 20% 
recur within 6 months despite eradication of H. pylori and concomitant antisecre-
tory treatment [8]. Failure of H. pylori eradication with first-line triple therapy 
should be followed by bismuth-quadruple therapy or levofloxacin triple therapy. H. 
pylori eradication should be confirmed in patients with refractory peptic ulcer dis-
ease with posttreatment testing [9]. Persistent infection may result from failure of 
therapy, false negative testing, or poor patient compliance. Similarly, continued 
NSAID use is a leading cause of recurrent and refractory peptic ulcer disease [10]. 
Patients should be counseled on lifestyle modification including smoking and 
tobacco cessation, NSAID use, and medication compliance including therapy for 
H. pylori eradication. Maintenance therapy with a PPI should be continued in 
patients with high-risk peptic ulcer disease defined as having ulcers greater than 
2 cm and age >50 years, failure to eradicate H. pylori, recurrent and/or refractory 
peptic ulcers, and patients with PUD that are H. pylori negative in the absence of 
NSAID use.

Acid hypersecretion or inadequate inhibition of acid secretion may both contrib-
ute to cases of refractory or recurrent peptic ulcer disease. Inadequate inhibition of 
acid secretion may be secondary to suboptimal therapy or poor patient compliance. 
Proton pump inhibitors have been shown to be more effective than H2 receptor 
antagonists in the treatment of peptic ulcer disease and should be used as first-line 
therapy [11]. Patients with refractory peptic ulcers should be treated with double- 
dose PPI therapy, and consideration should be given to an alternative PPI regimen 
[12]. When trying to determine the etiology of acid hypersecretion causing refrac-
tory and recurrent peptic ulcer disease, one must entertain the possibility of 
Zollinger-Ellison syndrome (ZES). ZES is defined by the presence of a gastrin- 
secreting neuroendocrine tumor that manifests clinically with symptoms of abdomi-
nal pain, PUD, diarrhea, gastroesophageal reflux, and dyspepsia. Testing for ZES 
involves measuring fasting serum gastrin levels in the setting of low gastric 
pH. Serum gastrin levels help differentiate ZES from other disorders such as atro-
phic gastritis with hypochlorhydria when the gastrin levels are above 1000 pg/mL 
or basal acid outputs are greater than 15 mEq/h [13]. Also, to aid in diagnosing a 
gastrinoma, one may perform a secretin stimulation test in which the gastrin levels 
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are serially measured after administration of intravenous secretin with a positive 
result with an increase in gastrin levels of ≥120 pg/mL [14]. Additionally, multiple 
endocrine neoplasia type I (MEN I) is typically associated with pituitary, parathy-
roid, and pancreatic neoplasms, most commonly insulinoma, but gastrinoma is the 
second most common manifestation of the disease. Therefore, additional testing for 
the other manifestations of MEN I must be ruled out if one confirms a gastrinoma. 
Somatostatin receptor scintigraphy along with endoscopic ultrasound may be useful 
in identifying the tumor site. When identified, a gastrinoma is treated by acid sup-
pression, surgical resection, and therapy of metastatic disease. In the absence of 
ZES, idiopathic gastric acid hypersecretion should be considered for patients with 
acid hypersecretion.

Rare and unusual cases of refractory peptic ulcer disease account for a small 
proportion of cases but should be considered in the absence of a clear etiology. 
There are a number of medications that may cause or contribute to the development 
of PUD including acetaminophen, bisphosphonates, glucocorticoids, clopidrogel, 
sirolimus, spironolactone, selective serotonin reuptake inhibitors, and chemothera-
peutic agents [5, 15–18]. Chronic disease states such as liver cirrhosis, chronic kid-
ney disease, Crohn’s disease, organ transplantation, sarcoidosis, lymphoma, 
mesenteric ischemia, and diabetes mellitus can also contribute to refractory or 
recurrent PUD [19–21]. Infectious etiologies include tuberculosis, syphilis, cyto-
megalovirus, IgG4-related sclerosing disease, strongyloidiasis, cytomegalovirus, 
and herpes virus [12, 21–24].

 Surgery

Due to advances in antisecretory therapy and the recognition that treatment of H. 
pylori can eliminate most ulcers, surgical intervention is rarely needed as an elective 
therapy for PUD. More commonly, surgery is necessary to deal with the sequelae of 
PUD including bleeding, perforation, and obstruction [25–27]. One main indication 
for elective surgical intervention for recurrent or refractory PUD is the failure of 
ulcer healing after adequate therapy for 12–24  weeks. Patients with intractable 
symptoms, relapse, and the suspicion of malignancy should prompt consideration of 
surgical intervention. The general principles of surgery for PUD are reduction of 
acid secretion, treatment of ulcer disease, and minimization of postoperative 
sequelae from surgery [28]. The extent of resection for ulcers that may harbor 
malignancy should be tailored to the patient based on location, size, and their over-
all physiologic status.

Typically, gastric ulcers are treated according to the type, location, and features 
of the ulcer. Type I gastric ulcers are not associated with hyperacidity and are often 
treated with distal gastrectomy to include the ulcer in the resected specimen. Type I 
ulcers can be resected and reconstructed using either a Billroth I or Billroth II recon-
struction. Type II and III gastric ulcers are associated with acid hypersecretion and 
are generally treated with antrectomy and vagotomy. Some surgeons prefer vagot-
omy in these cases as an option for patients who are noncompliant with 
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antisecretory therapy or have a history of complicated or recurrent disease [29]. 
Type IV gastric ulcers present a technical challenge owing to the fact that they are 
typically located close to the gastroesophageal junction. Approaches for type IV 
ulcers include the Pauchet procedure, Kelly-Madlener procedure, Csendes proce-
dure, and esophagogastrojejunostomy. Laparoscopic approaches should be consid-
ered for all elective surgical interventions for refractory and recurrent PUD [ 
30–35].

A vagotomy is indicated for patients with acute complications of PUD or those 
affected by recurrent and refractory disease. Typically, a vagotomy is added to a 
primary procedure by transecting or removing the vagus nerve or branches of the 
vagus nerve in order to provide an antisecretory measure. Various techniques have 
been established including truncal vagotomy, highly selective vagotomy, posterior 
truncal vagotomy and anterior serosal myotomy (Taylor procedure), and posterior 
truncal vagotomy and anterior highly selective vagotomy (Hill-Barker procedure) 
(Figs.  62.1, 62.2 and 62.3) [36–38]. Postoperative complications of vagotomy 
include delayed gastric emptying and possible ulcer disease recurrence due to inad-
equate or incomplete vagotomy. Due to the risk for delayed gastric emptying, vagot-
omy is most often performed in conjunction with a drainage procedure or surgical 
resection. The decision to perform a vagotomy for refractory or recurrent peptic 
ulcer disease should be determined by the indication for surgery, the patient’s ability 
to tolerate medical antisecretory therapy, and the surgeon’s familiarity and expertise 
with the various techniques.

Ant. vagus n.

Post. vagus n.

Gastric nerves
of laterjet

Fundic
branches

Crow’s foot

Fig. 62.1 Anatomical landmarks in highly selective vagotomy
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Ant. truncal
vagotomy

Fat pad

Divided
branches of
ant. vagal n.Divided

phrenoesophageal
membrane

Post. truncal
vagotomy

Fig. 62.2 Bilateral truncal vagotomy. Ensure adequate cephalad dissection above the branch 
point for the “criminal” nerve branches of Grassi off the posterior vagal trunk

Ant. vagus n.

L. gastric a.

Fig. 62.3 Highly selective vagotomy

62 Evaluation and Management: Recurrent Peptic Ulcer Disease



730

 Special Considerations

For the purposes of this chapter, we have limited our discussion to the treatment of 
chronic refractory and recurrent PUD. The approach to acute complications of PUD 
such as bleeding, perforation, and gastric outlet obstruction may vary drastically 
from non-emergent management of chronic PUD. Likewise, we have not discussed 
the management of ulcerations that occur after gastric surgery. In the setting of 
Billroth II or Roux-en-Y reconstruction, ulcerations of the gastroenteric anastomo-
ses require special consideration to determine the best therapeutic course.
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63Peptic Ulcer Disease: Deciding What 
Procedure When

Benjamin R. Veenstra and Daniel J. Deziel

There are elegant operations to be done for peptic ulcer disease (PUD), operations 
that eliminate the source and stimulation of acid secretion according to the best 
anatomic and physiologic principles. Acid is a necessary component of PUD, as 
seminally articulated by Karl Schwarz in 1910: “Ohne saueren Magensaft kein 
peptisches Geschwur” (“Without acidic gastric juice, no peptic ulcer”) [1]. 
However, acid is not necessarily a sufficient cause. Recognition of the multifacto-
rial etiology of PUD, particularly the contributory roles of infection with 
Helicobacter pylori and the use of nonsteroidal anti-inflammatory drugs 
(NSAIDs), has enabled successful nonoperative management in a majority of 
cases. The frequency of hospital admissions and of operations for PUD has 
declined [2–4]. Current surgical trainees have limited exposure to definitive anti-
ulcer procedures. Hence, these elegant curative operations have nearly become a 
historical teaching point. Nevertheless, urgent operations for the complications of 
PUD remain a steadfast scenario for surgeons.

The contemporary indications for surgery in PUD, by order of decreasing 
frequency, are generally perforation, bleeding, obstruction, failed medical man-
agement (intractability, recurrence), and concern for malignancy. When an 
operation for PUD is indicted, there are multiple options to consider with vari-
ous types of resection, vagotomy, and reconstruction. The goals are to treat any 
immediate ulcer complication, to promote ulcer healing, to prevent ulcer recur-
rence, and to minimize undesirable sequelae. The choice of operation is always 
a balance between curative treatment of the ulcer disease and postoperative con-
sequences. Surgical management of PUD is thus a compromise, albeit a life-
saving one.
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The rational selection of an operation for PUD depends upon these factors:

 1. Understanding of the specific disease process (diagnosis/ulcer location, 
etiology)

 2. Suitable operative conditions (inflammation, contamination, prior interventions, 
tissue characteristics)

 3. Suitable patient (hemodynamic stability, comorbidities, potential for 
compliance)

 4. Suitable surgeon (a surgeon’s personal experience and capability)
 5. Local resources (assistants, equipment, support services)

This chapter provides some comments on the selection of the operation in vari-
ous ulcer scenarios and offers what we most typically do in our own practice. 
Operations for PUD can be satisfactorily accomplished by either laparoscopic or 
open methods. The approach should be determined according to the surgeon’s expe-
rience, the local environment, and the pathology at hand. Emergent operations 
should be conducted properly and with dispatch.

 Perforation

Perforation is the most frequent complication of PUD that prompts surgery in the 
United States [5, 6]. Perforation has the highest mortality rate of ulcer complica-
tions, especially perforated gastric ulcer [7]. The preferred operative management is 
largely dictated by ulcer location but must be tempered by local pathologic condi-
tions and by the status of the patient. Approximately one-half of perforated ulcers 
are in the first portion of the duodenum, and the other half are pyloric, prepyloric, 
antral, or in the gastric body.

For duodenal perforations, the primary goal is closure and peritoneal washout. 
Closure is accomplished by use of a Graham patch of omentum or with the falci-
form ligament. We prefer to place the sutures as seromuscular bites in healthy tissue 
with one bite taken on each side of the perforation away from the friable edge. 
Graham’s original article illustrates through and through sutures passed from one 
side of the perforation to the other, into which a free or attached piece of omentum 
is incorporated [8].

The operation is limited to patch closure alone for patients with shock, delayed 
presentation and significant peritoneal contamination and for most patients who 
have not previously been treated for PUD. Given the prevalence of H. pylori and of 
NSAID use, there has been a trend in some settings toward repair of the perforation 
alone without a definitive antiulcer operation for essentially all patients with perfo-
rated duodenal ulcer. This approach is based on the assumption that subsequent 
medical management will be sufficient for ulcer healing and prevention of recur-
rence. This is a leap of faith. Surgeons must understand some key considerations 
before blindly adopting this strategy.
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Among patients requiring urgent operations for perforated PUD, fewer than one- 
half of those who are tested for H. pylori will prove positive, and only about one- 
half will have a history of NSAID use [5, 6, 9]. One-third of patients undergoing 
urgent PUD operations have already been receiving ulcer treatment at the time of 
the complication [6]. PUD may be refractory or recurrent for numerous reasons 
including persistent H. pylori, inability to eliminate use of NSAIDs or other ulcero-
genic medications, inadequate pharmacologic acid suppression, and continued 
smoking. Unfortunately, much of this may not be known at the time of an emergent 
or urgent operation. When operative conditions permit, we consider whether a 
definitive operation may be beneficial. If the determination is yes, we usually extend 
the perforation and perform a pyloroplasty with truncal vagotomy. If the patient and 
peritoneal cavity permit and the surgeon is experienced, we perform a highly selec-
tive vagotomy following closure of the perforation.

Local ulcer characteristics also influence the choice of operation. So-called 
“giant”’ (>2 cm) duodenal ulcers and ulcers with considerable fibrosis are associ-
ated with a higher risk for complications and recurrence. For these ulcers, we rec-
ommend truncal vagotomy and antrectomy with a Billroth II reconstruction if the 
patient is stable.

Perforated pyloric or pyloric channel ulcers often do not do well following clo-
sure alone. Therefore, we recommend pyloroplasty with either a truncal vagotomy 
or a highly selective vagotomy when conditions are suitable [10].

Perforated gastric ulcers pose a highly morbid situation. The preferred operation 
is gastric resection. Unfortunately, the condition of the patient may only allow a 
limited procedure. When formal gastrectomy is not prudent, the ulcer is excised or 
generously biopsied, and patch or primary closure is carried out as a compromise. 
When possible, we perform a subtotal gastrectomy to include resection of the ulcer 
and add truncal vagotomy for patients who have type II (combined duodenal and 
gastric ulcers) or type III (prepyloric) gastric ulcers.

 Hemorrhage

Bleeding is the most frequent complication of PUD that results in hospital admis-
sion [2]. H. pylori and NSAID use are risk factors that contribute to bleeding, as 
they do to perforation. Patients that come to operation for bleeding PUD are typi-
cally on intense acute antisecretory therapy and have failed one or more endoscopic 
attempts to control hemorrhage, with or without additional angiographic interven-
tions. Accordingly, a definitive acid-reducing operation is advisable once the bleed-
ing has been stopped.

Duodenal ulcer hemorrhage is controlled through a longitudinal duodenotomy 
over the first portion of the duodenum. The bleeding vessels will be the superior and 
inferior aspects of the gastroduodenal artery and the transverse pancreatic artery. 
These are secured by direct suture ligation with multiple sutures. The gastroduode-
nal artery can also be separately ligated outside the duodenum. If not already done, 
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the duodenotomy is extended across the pylorus, and pyloroplasty and truncal 
vagotomy are performed. If it has been possible to secure the vessels through a 
duodenotomy with an intact pylorus, highly selective vagotomy is an option for an 
experienced surgeon with a stable patient.

Bleeding gastric ulcer disease that requires operation is preferably treated by 
gastric resection and Billroth II reconstruction. Vagotomy is not necessary, 
although it is not objectionable. For compromised patients who fail nonoperative 
control but cannot tolerate a formal gastrectomy, the chance for a successful out-
come is guarded. Ulcer oversewing or excision (due to risk of malignancy) with 
truncal vagotomy and pyloroplasty is an option if it can be performed 
expediently.

 Gastric Outlet Obstruction

Patients who require an operation for PUD complicated by gastric outlet obstruction 
have chronic disease with significant fibrosis. Most frequently this is consequent to 
ulceration of the duodenum or pyloric channel, but gastric cancer must be excluded. 
The optimal operation will depend upon the findings at the time of surgery and the 
fitness of the patient. In our current experience, distal gastrectomy with truncal 
vagotomy and Billroth II reconstruction provides satisfactory relief for many 
patients. Vagotomy is not done when there has been prolonged obstruction with 
gastric atony. Likewise, Roux-en-Y reconstruction is a poor choice as it may com-
pound delayed gastric emptying with the roux stasis syndrome.

At operation, prior to embarking on resection, an assessment must be made as to 
whether the duodenum can be safely mobilized and divided and securely closed. 
Ulcer disease with obstruction is often associated with considerable anatomic dis-
tortion. Injury to the bile ducts, pancreas, and major adjacent vessels is an inherent 
risk. Combined operative injury to the main pancreatic duct and bile duct has most 
frequently occurred during gastrectomy.

Some method for gastric drainage must be established if resection is not feasible. 
Fibrosis that is so pronounced as to prohibit resection will also usually render pylo-
roplasty untenable. However, if healthy enough tissue is accessible, a Jaboulay gas-
troduodenostomy might be accomplished. Otherwise, a gastrojejunostomy is 
created on the posterior aspect of the stomach. Concurrent placement of a gastros-
tomy tube for drainage and a feeding jejunostomy is advisable and may alone be the 
safest surgical option for the most infirm patients.

Occasionally, patients undergoing operation for gastric outlet obstruction are 
found to have a limited pyloroduodenal stenosis. This can be remedied with pyloro-
plasty in Heineke-Mikulicz fashion or with a version of gastroduodenostomy 
(Jaboulay, Finney).

We perform a truncal vagotomy in conjunction with either pyloroplasty or gas-
trojejunostomy, except when there is concern for gastric motility. Some have suc-
cessfully coupled highly selective vagotomy with Jaboulay gastroduodenostomy 
[11] or gastrojejunostomy [12].
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 Intractability

Elective operations for intractable PUD are infrequent these days. For a variety of 
reasons however, ulcers may be refractory or recurrent with nonoperative manage-
ment or after prior ulcer operations. These patients remain a challenge for which the 
properly selected and executed operation can be reparative. The choice of procedure 
is predicated on patient factors, pharmacologic factors, physiologic factors, and 
pathologic factors. The operation is a balance between the risk for ulcer recurrence 
and for postoperative digestive disturbances including diarrhea, dumping, and bile 
reflux.

In the current era, patients with medically intractable duodenal ulcer are unusual 
and usually have pronounced pathologic changes with ulcers that are deep, penetrat-
ing, or extensive. Antrectomy with truncal vagotomy remains our surgical standard 
for this group.

For patients with less severe pathologic disruption and intractable disease, a 
highly selective vagotomy is preferred. This includes division of the branches from 
the nerves of Latarjet to the parietal call mass along the anterior and posterior lesser 
curvature, dissection of the gastroesophageal junction and distal esophagus with 
division of the upper short gastric vessels and any posterior vagal branches to the 
fundus (nerves of Grassi), and division of the right gastroepiploic vessels and 
accompanying recurrent vagal fibers (nerve of Rosetti). As this can be tedious lapa-
roscopically, some prefer a laparoscopic posterior truncal vagotomy and anterior 
seromyotomy (Taylor procedure), although that has not been our practice.

Elective management of intractable gastric ulcer must exclude cancer. We per-
form ulcer resection by subtotal distal gastrectomy and Billroth II reconstruction. 
Truncal vagotomy is also done for type II or III ulcers. Type IV ulcers high on the 
lesser curvature can be included in the resection by a variety of configurations or by 
separate excision. Care must be exercised to avoid compromise of the gastroesopha-
geal junction and to obtain a sound anastomosis.

 Summary

The number of operations necessary for PUD has declined substantially over recent 
decades. However, urgent operations for perforation and bleeding are still required 
with some regularity. Elective operations for refractory disease and gastric outlet 
obstruction are far less common but can be curative. A spectrum of classic ulcer 
operations must remain in the surgical armamentarium for properly selected 
patients.
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64Etiology and Diagnosis of Gastric Outlet 
Obstruction

Michael Paul Meara

 Etiology

The general etiology of gastric outlet obstruction can be broken into two encom-
passing groups, benign and malignant. While historically benign causes of gastric 
outlet obstruction occupied the majority of the causes of this clinical presentation, 
malignancy now overshadows this group [1–3]. We will explore these two realms as 
well as delve into the more uncommon diagnoses, which may also contribute to this 
disease.

 Benign

 Peptic Ulcer Disease
This term refers to any disease process that leads to ulceration or injury of the gas-
tric mucosa, most notably in the pre-pylorus, pylorus, and the duodenal bulb. 
Historically, peptic ulcer disease accounted for as much as 80–90% of gastric outlet 
obstructions [4, 5]. This disease was originally attributed to acid hypersecretion, 
either intrinsic or secondary to excessive gastrin secretion. Stress was also incor-
rectly attributed as a causative agent of ulcer disease. Recognition of the bacterium 
Helicobacter pylori and its treatment has led to a dramatic decrease in this disease 
and its complications [6, 7].

Multiple nonsteroidal anti-inflammatory drugs have also been linked to peptic 
ulcer disease. Common over-the-counter formulations including ibuprofen, 
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naproxen, and aspirin have all been implicated in peptic ulcer disease. The damag-
ing effects of NSAIDs are multifactorial. Mechanisms that have been implicated in 
ulcer formation include direct irritation to the gastric lining, damage to the buffering 
mechanism of the gastric mucosa, suppression of prostaglandin synthesis, and 
decrease in gastric blood flow impeding repair [8–10].

Recognition of Helicobacter pylori, recognition of the harmful effects of 
NSAIDs, and the liberal usage of proton pump inhibitors have further decreased the 
prevalence of peptic ulcer disease. Gastric outlet obstruction now only accounts for 
2% of complications related to peptic ulcer disease [4, 9, 11, 12].

 Gastric Volvulus
Mechanical obstruction secondary to gastric volvulus can be acute or chronic in 
nature. Volvulus is defined as any abnormal rotation of the stomach. Chronically, 
this can involve rotation into defects in the diaphragm, either congenital or 
acquired  – most frequently traumatically. Nomenclature defining volvulus 
includes organoaxial and mesenteroaxial rotations. Organoaxial rotations are 
defined as rotations along the long axis of the stomach, while rotations perpen-
dicular to the stomach are defined as mesenteroaxial rotations. These rotations are 
thought to be permitted by failure of formation of restrictive gastric ligaments to 
other surrounding structures or secondary to adhesive disease from previous oper-
ative interventions. In the setting of acute gastric volvulus, such rotations can 
result in gastric outlet obstruction and mucosal ischemia. Acute volvulus and gas-
tric outlet obstruction should be treated as a surgical emergency. In such cases, the 
stomach requires reduction and evaluation for preservation and fixation versus 
resection [13, 14].

 Caustic Injury
Either accidental or intentional ingestion of caustic chemicals can result in 
fibrosis and stricturing of the stomach resulting in gastric outlet obstruction. 
The most commonly injured digestive organ in these cases is the esophagus, but 
the stomach is often also affected. Stricture of the esophagus is relatively com-
mon, happening in one quarter of cases of caustic ingestion, while stricturing 
from fibrosis in the stomach can occur in up to 5% of patients. Injury after 
ingestion happens immediately, but subsequent fibrosis from injury occurs any-
where from 6 to 12 weeks after ingestion. The subsequent fibrosis is the ultimate 
causative agent of gastric outlet obstruction. Ingestion of both alkali and acidic 
materials can be equally severe despite the commonly held belief that alkali 
materials may be better tolerated secondary to the acidic buffering qualities of 
the stomach [15–18].

 Pancreatitis
Both acute and chronic pancreatitis can be contributory to gastric outlet obstruction, 
though relatively rarely. Reports have noted obstruction related to pancreatitis on 
the order of 1–5%. Acute pancreatitis can result in obstruction secondary to the 
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profound inflammatory response resulting in a tremendous amount of local inflam-
mation and edema. This can be further exacerbated by acute pancreatitis that goes 
on to overt pancreatic necrosis. Despite this cascade, duodenal obstruction in the 
acute setting remains rare [19].

Repeat bouts of pancreatitis can result in chronic fibrosis, scarring, and pseudo-
cyst formation of the pancreas. This can be associated with stricturing of the duode-
num, pancreatic ducts, and bile ducts. Often this presentation results in a thorough 
work-up to rule out malignancy prior to further intervention [20].

 Crohn’s Disease
Crohn’s disease is an inflammatory bowel disease that can affect any component of 
the digestive tract, from mouth to anus. Despite this pan-gastrointestinal involve-
ment, Crohn’s disease affecting the stomach and duodenum is relatively rare, occur-
ring in only 5% of individuals who have Crohn’s disease. In individuals who have 
gastroduodenal Crohn’s disease, pyloric and duodenal stricture can be causative 
agents of gastric outlet obstruction with individuals who ultimately require opera-
tive intervention [21–23].

 Other Benign Causes
 1. Gastric Polyps

Quite rarely, large gastric polyps can result in gastric outlet obstructions. These 
may be secondary to their sheer size or may be pedunculated and intussuscept 
into the pyloric channel. Reports of these phenomena are case reports and small 
case series [24–26].

 2. Gastrostomy Tube Migration
Similar in nature to prolapse of a gastric polyp, balloon gastrostomy tubes can be 
carried by the peristalsis of the stomach down into the pyloric channel and into 
the duodenum. This can result in an acquired obstruction secondary to the size of 
the balloon if the balloon does not allow for appropriate egress of liquids out of 
the stomach [27–29].

 3. Gastric Tuberculosis
Gastroduodenal tuberculosis is a rare manifestation of systemic tuberculosis 
infection, only affecting 2–3% of individuals with the disease. In this small sub-
set of individuals with this disease, gastric outlet obstruction is relatively com-
mon, occurring in greater than 50% of patients. Obstruction can be secondary to 
mucosal invasion or from external compression of surrounding structures and 
adenopathy [30–33].

 4. Gastric Bezoar
A bezoar is any concretion of undigested material. This can form in any area of 
stagnation in the intestinal tract but most commonly accumulates in the stomach. 
As the concretion continues to grow in size, it can ultimately become an obstruct-
ing mass within the stomach resulting in gastric outlet obstruction. This manifes-
tation is more commonly observed in children and in patients who have 
undergone bariatric surgery [34, 35].
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 Malignant

 Pancreatic Adenocarcinoma
Pancreatic adenocarcinoma currently occupies the single most common causative 
agent of gastric outlet obstruction in modern time. This typically results from focal 
invasion of the duodenum or the stomach secondary to the mass. The gastric outlet 
obstruction is commonly complicated by biliary and/or pancreatic obstruction as 
well. Up to 25% of individuals with locally advanced pancreatic cancer will have 
clinical evidence of gastric outlet obstruction [3, 36, 37].

 Gastric Adenocarcinoma
Gastric adenocarcinoma is second in number only to pancreatic adenocarcinoma as 
the cause of gastric outlet obstruction. Gastric cancers causing outlet obstruction 
typically arise from the distal portion of the stomach and are relatively advanced. 
Primary gastric adenocarcinomas are responsible for up to 35% of gastric outlet 
obstructions currently reported [38–40].

 Other Malignant Diseases
Other less commonly observed causes of malignant obstruction include untreated 
gastric lymphoma, invasive cholangiocarcinomas (with similar mechanisms of 
obstruction as pancreatic adenocarcinoma), and primary duodenal malignancies. 
These all represent uncommon causes of gastric outlet obstruction but must be thor-
oughly evaluated when gastric outlet obstruction is identified.

 Clinical Presentation

 Patient Presentation

The primary patient presentation of gastric outlet obstruction is nausea and vomit-
ing. The degree and nature of the vomitus is primarily predicated on the stage of 
presentation and disease. In early or partial obstruction, vomiting can be intermit-
tent and may be present with solid foods but absent with liquids. Vomitus is typi-
cally described as non-bilious in nature. As the disease progresses, vomitus will 
progress to undigested food particles with both liquids and solids. As the disease 
further evolves, gastric outlet obstruction may also be associated with epigastric 
pain and bloating. Patients often also complain of early satiety and weight loss fur-
ther in the disease state. Upon complete obstruction, the patients may present in 
extremis with projectile vomiting.

 Physical Examination

Physical examination can vary widely dependent on the stage of presentation, but a 
component of malnutrition with dehydration is not uncommon with patients with 
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gastric outlet obstruction. In patients with advanced partial obstructions or complete 
obstructions, the abdominal exam can demonstrate bloating in the epigastrium and 
right upper quadrant. There may also be an associated finding of tympany second-
ary to recent retained food and liquid. While the gastric distention can be discon-
certing to the patient, it is infrequent that peritonitis is present on exam.

If gastric outlet obstruction is suspected, the examining provider may elicit a 
“succussion splash.” a succussion splash is performed by placing the provider’s 
stethoscope over the epigastrium or right upper quadrant. The patient is then rocked 
gently using the torso and hips. Appreciation of a splash can be representative of 
gastric outlet obstruction. Sensitivity of the “succussion splash” was noted to near 
50% in one study examining gastric outlet obstruction [41].

 Diagnosis

 Laboratory Findings

Upon initial presentation, specific laboratory abnormalities may range from normal 
to profoundly deranged. In patients with early stages of obstruction, labs may appear 
normal in nature, and complaints may be entirely clinical. As the disease progresses, 
overt dehydration and malnutrition will manifest. Laboratory values will include 
high BUN and creatinine levels on metabolic panels. Serum albumin levels and 
nutrition labs may also be low in advanced disease. In patients with protracted vom-
iting secondary to severe obstruction, hypochloremic, hypokalemic metabolic alka-
losis is frequently observed. Care should be taken to ensure correction of these 
electrolytes is slow and methodical to avoid complications secondary to overzeal-
ous correction [42–44].

 Radiographic Tests

 Plain Films
Despite being somewhat nonspecific in nature, plain films can provide a wealth of 
knowledge to direct further studies. In patients with advanced disease, an enlarged 
gastric bubble is not an uncommon finding on chest X-rays or abdominal films. 
Scattered calcification of the pancreas and retroperitoneum can be observed in cases 
of chronic pancreatitis. In rare cases of Bouveret’s syndrome  – Gastric outlet 
obstruction secondary to large calcific gallstone observed with associated cho-
ledoudenal fistula – A calcific stone may be appreciated on radiographic examina-
tion [20, 45].

 Upper Gastrointestinal Series
The use of contrast studies when gastric outlet obstruction is suspected may be help-
ful to determine the underlying cause of obstruction. This may demonstrate extrin-
sic compression versus mucosal ingrowth. Failure of passage of contrast may be 
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indicative of a complete obstruction. Likewise, slow transit may be indicative of 
non-obstructive disease such as diabetic gastroparesis.

 Computed Tomography/MRI
Similar to plain films, computed tomography will demonstrate gastric distention to 
the degree the gastric outlet obstruction has worsened. With the additional detail 
that these modalities can provide, the study may shed light as to the potential caus-
ative disease process. If the inciting disease is malignant, this imaging may assist in 
further diagnosis and prognosis in the setting of malignant disease [46].

 Endoscopy

Upper endoscopy is critical in establishing a diagnosis as to the etiology of the gas-
tric outlet obstruction. Endoscopy also provides the unique opportunity for both 
diagnostic and therapeutic procedures to aid with the clinical diagnosis of the caus-
ative mechanism of gastric outlet obstruction. Prior to proceeding with upper endos-
copy, attempts should be made to decompress the stomach. This is routinely 
performed with a large bore nasogastric tube. Care should be taken during place-
ment of the nasogastric tube as patients with large volume contents in the stomach 
are prone to aspiration. After allowing for adequate time for decompression, the 
patient should be brought for endoscopy. Dependent on the degree of distension, 
endoscopy can be attempted under moderate conscious sedation or may be per-
formed under general anesthesia.

Traditional caliber endoscopes can be employed, but consideration should be 
lent to large bore or dual lumen endoscopes that may allow for more adequate clear-
ance of residual food and liquid in the setting of gastric outlet obstruction. Thorough 
clearance of the stomach should be attempted to allow for complete examination 
and increase the possibility for therapeutic intervention. After adequate clearance 
has been obtained, a standard examination of the upper intestinal tract should be 
undertaken including the esophagus, stomach, and the proximal portion of the duo-
denum. Despite this intention, the endoscopist may or may not be able to traverse 
the pylorus dependent on the degree of obstruction. Gentle attempts should be made 
to traverse the restriction, but may not be entirely necessary for diagnosis. The abil-
ity to pass into the duodenum may be facilitated by a small caliber endoscope, like 
a nasopharyngeal scope.

Endoscopic biopsies should be performed to aid in definitive diagnosis. These 
should include permanent pathology for malignancy as well as stains to evaluate for 
the presence of Helicobacter pylori. Despite convincing endoscopic evidence of 
disease, biopsies may return negative in nature. If suspicion remains high, further 
interrogations should be undertaken and may include endoscopic ultrasound, 
CT-guided biopsy, or endoscopic mucosal resection [29, 37, 46, 47]. Rarely, surgi-
cal resection may be necessary for definitive diagnosis. This may be the case in 
gastroduodenal tuberculosis, as traditional endoscopic biopsies may prove to be 
non-diagnostic [32, 33].
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 Conclusion
Despite advances in medical management of peptic ulcer disease, gastric outlet 
obstruction remains a clinically significant diagnosis. This is most commonly 
observed in malignancy with the two predominate causes being pancreatic and 
gastric adenocarcinoma. Various other benign causative mechanisms exist, but 
each remains relatively rare. Plain film and advanced imaging techniques such as 
CT and MRI may be employed to assist in the diagnosis of the underlying dis-
ease state. Endoscopy is essential to provide tissue diagnosis and provide the 
possibility of endoscopic interventions when possible.
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 Introduction

The term gastric outlet obstruction (GOO) describes the end result of a variety of 
disease processes in which the gastric antrum, pylorus, or bulbar duodenum becomes 
an impediment to gastric emptying. Presenting symptoms of GOO vary depending 
on etiology of the obstruction, but common symptoms include abdominal pain, nau-
sea, vomiting, and weight loss. Patients may also experience sensation of early sati-
ety or bloating.

Prior to introduction and widespread use of histamine-receptor antagonists in the 
1970s, benign peptic ulcer disease was the most common cause of GOO [1, 2]. 
Today, malignancy is the most common cause in adults, frequently due to adenocar-
cinoma of the stomach, duodenum, or pancreas [2, 3]. The number of adult patients 
with benign disease resulting in GOO, however, remains significant. Benign disease 
is most commonly due to peptic ulcer disease (PUD), caustic ingestion, postopera-
tive scarring, or anastomotic stricture. It may also be related to inflammatory causes 
(e.g., Crohn’s disease, acute and chronic pancreatitis), benign tumors, tuberculosis, 
Bouveret’s syndrome, and more [4–11] (Table 65.1).

This chapter will discuss the evaluation, medical management, and diagnosis of 
GOO, as well as explore endoscopic management options for both benign and 
malignant disease. A more detailed discussion specific to medical management of 
PUD can be found in Chap. 55. Surgical pyloroplasty techniques are covered in 
detail in Chap. 57.
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 Evaluation, Diagnosis, and Medical Management

A detailed history and physical examination should be performed, with attention 
being paid to the chronicity of symptoms, history of PUD, prior operations, or his-
tory of caustic ingestion (both acute and remote). As malignancy is the most com-
mon cause of GOO, a detailed family history of cancer should be obtained and a 
high index of suspicion maintained.

It is important to assess the patient’s oral intake beyond when the last meal was 
eaten. Use of the Gastric Outlet Obstruction Scoring System (GOOSS), developed 
by Adler and Baron, allows for an objective determination of the patient’s ability to 
eat as well as a measure for comparison following any intervention [12]. The 
GOOSS score ranges from 0 to 4, with 0 being no oral intake, 1 liquid only, 2 soft 
solids, and 3 a low-residue or full diet.

Patients presenting with clinical symptoms of GOO of unknown etiology should 
be considered for hospital admission, especially in the setting of recurrent vomiting 
where fluid imbalance and electrolyte abnormalities such as hypokalemia and hypo-
chloremic metabolic alkalosis may be present. Appropriate IV fluid resuscitation 
and electrolyte replacement should be administered, with periodic measurement of 
electrolytes to ensure normalization.

On admission, patients should be kept nil per os (NPO) and early nasogastric 
tube decompression with a large bore tube should be initiated. Gastric 

Table 65.1 Malignant and benign causes of gastric outlet obstruction

Malignant Benign
Pancreatic adenocarcinoma Peptic ulcer disease
Gastric adenocarcinoma Caustic ingestion
Duodenal adenocarcinoma Benign tumors
Linitis plastica Inflammatory polyp
Gastric lymphoma Acute pancreatitis
Periampullary carcinoma Chronic pancreatitis
Local extension of gallbladder carcinoma Pancreatic pseudocyst
Local extension of cholangiocarcinoma Gastroduodenal Crohn’s disease
Metastatic disease Eosinophilic gastroenteritis

Nonsteroidal anti-inflammatory-related 
strictures
Postsurgical scarring/anastomotic stricture
Postvagotomy pylorospasm
Gastric tuberculosis
Annular pancreas
Adult hypertrophic pyloric stenosis
Bezoar
Intramural duodenal hematoma
Gastric volvulus
Gastrostomy tube migration

C. C. Sonntag and E. M. Pauli



751

evacuation alleviates symptoms of abdominal pain and nausea and also begins 
patient preparation for imaging studies and endoscopic evaluation. Initiation of 
nasogastric decompression prior to administration of contrast for imaging may 
additionally reduce the risk of aspiration event. Early initiation of parenteral 
proton pump inhibitor (PPI) should be considered even in absence of known 
etiology for the GOO.

An abdominal CT scan with enteral contrast can clarify both the extent of the 
obstruction (complete vs incomplete) and provide clues to its etiology (e.g., by eval-
uation for mural thickening, enlarged lymph nodes, and general state of the pan-
creas, biliary tree, and retroperitoneum as well as possible evidence of extrinsic 
compression by mass or pseudocyst) (Fig. 65.1).

All patients with persistent symptoms of GOO should undergo endoscopic eval-
uation to establish diagnosis and obtain tissue biopsies to determine etiology 
(Fig. 65.2). Biopsy allows for histological diagnosis of specific diseases as well as 
pathologic evaluation to confirm or rule out malignancy. In the presence of an 
extrinsic compressive mass on CT, endoscopic ultrasound may aid in tissue acquisi-
tion (Fig. 65.3). If malignant diagnosis is made following endoscopic evaluation 
and biopsy, additional imaging may be required to complete staging.

Subsequent treatment of the GOO varies greatly depending on the etiology of 
the obstruction. Acute GOO due to edema and inflammation may improve with 
enteric decompression and acid suppression. Patients with ulcer disease who are 
found to have Helicobacter pylori should undergo triple therapy (PPI, amoxicillin, 
and clarithromycin) and confirmatory eradication testing (see Chap. 55 for com-
plete treatment guidelines and recommendations). Patients with tuberculosis, 
infection, or evidence of gastroduodenal Crohn’s disease should similarly receive 
appropriate medical treatment. Helicobacter pylori eradication therapy may be 
considered first- line treatment for gastric mucosa-associated lymphoid tissue 

Fig. 65.1 CT scan of a 
patient with GOO due to 
an obstructing pancreatic 
mass (arrow) with 
profound dilation of the 
stomach and well as 
duodenum
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(MALT) lymphoma, regardless of infection status or disease stage [13]. 
Chemotherapy remains the mainstay of treatment for primary gastrointestinal non-
Hodgkin lymphoma, with some evidence to suggest that surgery may play a role in 
survival benefit as well [14].

Patients with more chronic obstructive symptoms should undergo nutritional 
assessment and optimization, as malnutrition is an established risk factor for mor-
bidity if surgical intervention is ultimately required. Depending on degree of 
obstruction, it may be feasible to obtain temporary nasojejunal feeding access with 
endoscopic assistance while maintaining more proximal gastric decompression, 
such as with a percutaneous endoscopic gastrostomy tube and jejunal feeding exten-
sion (PEG-J) [15]. In cases where distal enteric feeding access cannot be obtained, 
total parenteral nutrition may need to be considered until more definitive interven-
tion to relieve the obstruction can be performed.

Fig. 65.2 Endoscopic 
evaluation of obstructing 
duodenal lesion, found to 
be metastatic colorectal 
malignancy on biopsy 
pathology

Fig. 65.3 (a) EUS assessment of obstructing duodenal mass. (b) Further EUS examination of 
same patient demonstrated evidence of metastatic lesions within the liver parenchyma
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 Therapeutic Endoscopic Interventions in Benign Disease

The conventional treatment for persistent or irreversible benign GOO has been sur-
gery, but such interventions are not without risk [16, 17]. Surgical intervention for 
ulcer-related GOO is associated with significant morbidity as well as potential post-
operative sequelae including anemia, dumping syndrome, and malabsorption [18, 
19]. The advancement of endoscopic technologies has led to the development of 
less invasive treatment options in select patients with benign GOO, with high thera-
peutic and clinical success.

 Endoscopic Balloon Dilation

 Overview and Patient Selection

Prior to advent and acceptance of endoscopic balloon dilation (EBD), up to 90–98% 
of patients with chronic peptic ulcer-related gastric outlet obstruction and 67–68% 
of patients with acute gastric outlet obstruction required surgical intervention [16, 
17]. Chronic gastric sequelae from caustic substance ingestion was also managed 
surgically [5]. Endoscopic guidewire placement with over-the-wire balloon dilation 
under fluoroscopy for peptic gastric outlet obstruction was first reported by Benjamin 
et al. in 1981 [20]. Although early studies questioned success of long-term remis-
sion of obstructive symptoms in PUD with balloon dilation, several subsequent 
studies have shown balloon dilation to be an effective alternate to surgery for cor-
rosive ingestion and anastomotic stricture in addition to GOO due to ulcer disease 
[19, 21–25]. Endoscopic balloon dilation in patients with obstructive Crohn’s dis-
ease has shown variable success, with two failures of three reported cases [26–28]. 
Balloon dilation in four patients with chronic pancreatitis associated GOO by 
Kochhar et al. was similarly unsuccessful [23].

Hydrostatic and pneumatic balloon dilators are available in over-the-wire and 
through-the-scope forms. Available controlled radial expansion (CRE) balloon dila-
tors dilate in three 1.0–1.5 mm intervals to pressure-controlled diameters and exert 
large radial dilating force along the entire balloon length [29]. The use of a CRE 
balloon minimizes number of balloons necessary for the procedure as well as time 
spent on instrument exchange. The luminal diameter of the stricture may be assessed 
endoscopically using commercially available endoscopic measuring devices or may 
be assessed using the open jaw of endoscopic biopsy forceps. Initial dilator size 
should be approximately the same diameter as the strictured lumen.

Fluoroscopy is sometimes used during dilation procedures, but it is not required. 
When strictures are too narrow to be traversed with an endoscope, fluoroscopy may 
be particularly useful to delineate length of stricture, ensure normal lumen beyond 
the GOO, and confirm correct of passage of the guidewire into the lumen distal to 
the stricture (Fig.  65.4). Fluoroscopic visualization of the balloon dilation using 
dilute water-soluble radiopaque contrast allows for proper balloon positioning as 
well as confirmation of complete balloon inflation by observing waist ablation 
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(Fig. 65.5). Despite these advantages, there is no difference in perforation rates with 
EBD performed with or without fluoroscopy, and the endoscopist must balance the 
risks of ionizing radiation with the procedural guidance benefits noted above.

 Patient Preparation

Patients should fast the night prior to procedure. Coagulopathy, if present, should be 
corrected (goal International Normalizing Ration of less than 1.3) and anticoagula-
tion held for the procedure. Although bacteremia may occur with endoscopic 

a b

Fig. 65.4 Fluoroscopic delineation of stricture location and extend. (a) Guidewire passage 
beyond stricture under fluoroscopic guidance. (b) ERCP catheter passed over the guidewire per-
mits contrast injection; here delineating normal bulb and D2 with a stricture present in D1

a b

Fig. 65.5 Fluoroscopic images of through-the-scope balloon dilation demonstrating the “waist” 
at the stricture (a) and its ablation on complete balloon dilation (b). (Image Credit: Pauli and 
Marks [123])
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procedures, current consensus recommendations do not support the use of prophy-
lactic antibiotics [30–32]. This procedure may be accomplished under conscious 
sedation with patients in the left lateral decubitus position; however, for patient 
comfort and to minimize aspiration risk in obstructed patients, the procedure can be 
performed under general anesthesia with endotracheal intubation in the supine 
position.

 Technique: Through-the-Scope (TTS) Balloon Dilation

Upper endoscopy is performed and the location and diameter of the stricture doc-
umented. If possible, the endoscope should be passed through the stricture for 
complete evaluation; the use of a pediatric or slim adult endoscope may allow 
traversal of smaller strictures. Available TTS balloon sizes range from 6 to 20 mm 
(18–54 French). After endoscopic evaluation, an appropriate-sized TTS balloon is 
selected and passed through the endoscope channel. If there is difficulty passing 
the balloon sheath beyond the stricture due to anatomy, the balloon may be passed 
over a 0.035″ (0.89  mm) guidewire. The endoscope should be positioned just 
proximal to stricture, with the stricture situated at the midpoint of the balloon 
(Fig. 65.6).

To minimize prograde and retrograde migration of the balloon during inflation, 
the sheath of the balloon should be held tightly at the control section of the endo-
scope, and the endoscope held firmly against the bite block. Dilute contrast material 
may be used to inflate the balloon rather than water, which allows the inflation and 
waist ablation to be viewed with fluoroscopy. The balloon is then inflated to nomi-
nal diameter as determined by atmospheres of pressure on the package insert. If a 
CRE balloon is used, it may be dilated to three different diameters by alteration of 
the pressure. Following dilation, the endoscope should be used to traverse the stric-
ture. Inspection for bleeding and overt signs of perforation (e.g., the presence of a 
full-thickness defect, omental or retroperitoneal fat, or difficulty insufflating) should 

a b c

Fig. 65.6 (a) Endoscopic evaluation of a peptic stricture demonstrates pills within the duodenal 
bulb just proximal to the stenosis, (b) contrast injection delineates the stricture (star) (c) fully 
dilated balloon centered at stricture midpoint
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be undertaken. If fluoroscopy is available, contrast injection can be employed to 
further evaluate for leak.

 Outcomes

EBD is successful for both immediate and long-term symptomatic relief in 
patients with benign causes of GOO. Solt et al. demonstrated immediate symp-
tom relief in 80% of patients with sustained relief in 70% at 3 months [26]. 
Several stepwise dilation sessions may be required to reach the desired dilation 
endpoint in patients, and reported rates of recurrent stenosis requiring reinterven-
tion vary by cause.

Balloon dilation for treatment of GOO caused by anastomotic stricture has 
reported long-term symptom resolution rates of 91–100% with mean follow-up 
of 13.5–98 months [26, 33, 34]. One large study followed 30 patients with suc-
cessful dilations for caustic injury for a median of 21 months (range 3–72) with 
no recurrence of symptoms [35]. Several studies have shown 78.6–100% long-
term remission rates (median follow-up range 14–43 months) in patients with 
GOO related to peptic ulcer disease treated with EBD when combined with 
medical treatment (treatment for H. pylori, PPI, smoking/NSAID cessation) 
[22, 36, 37].

Unfortunately, the results of EBD for GOO due to gastroduodenal Crohn’s dis-
ease are less encouraging. Solt et al. and Murthy each report attempted treatment of 
patients with duodenal Crohn’s, both with failure to respond to multiple dilations 
[26, 27]. However, Rana et al. report successful dilation of one patient with duode-
nal Crohn’s, but the patient’s symptoms returned whenever systemic steroids or 
immunosuppressive medications were held due to complications. After incorpora-
tion of intralesional steroid injections with dilation, along with maintenance injec-
tions at 3 month intervals, they were able to achieve a 14-month asymptomatic 
follow-up [34].

 Complications

Bleeding, perforation, and self-limited pain are the most common complications 
of dilation therapy for GOO. Perforation rates for dilation of pyloric or gastric 
outlet obstructions are low and were reported to be between 2.2% and 8% [26, 
34, 38, 39]. Studies suggest that perforation is related to the maximum diameter 
of the balloon and more often observed when diameters greater than 15 mm are 
used [37, 39]. Historically a goal of 15 mm dilation has been used based on the 
frequency of perforations reported when digital dilation using the index finger up 
to the proximal interphalangeal joint (estimated diameter of 20 mm) was per-
formed during surgical interventions [40], and several recent studies continue to 
use 15 mm as their dilation endpoint with few incidents of perforation [22, 23, 
25, 35, 41].
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 Endoscopic Steroid Injection

 Overview and Patient Selection

Steroids interfere with collagen synthesis and reduce fibrotic healing, inflammation, 
and scar formation. Intralesional steroid injections have been described as an adjunct 
therapy with EBD for gastric corrosive strictures where cicatrization of the stomach 
can result in GOO symptoms by antral or pyloric stenosis [42]. Additionally, it has 
been documented as an adjunct to EBD in treatment for upper GI strictures due to 
Crohn’s disease [34, 43].

 Patient Preparation

As intraluminal steroid injection occurs as an adjunct procedure to endoscopic bal-
loon dilation, patient preparation is the same as endoscopic balloon dilation 
described above.

 Technique

Upper endoscopy and complete evaluation of the stricture are performed, including 
traversal of the stricture with the endoscope if possible. The use of a pediatric or 
slim adult endoscope for initial evaluation may be beneficial. Under direct visual-
ization, using a TTS sclerotherapy needle, the lesion is injected in four quadrants 
with triamcinolone acetate in 0.25–1 mL aliquots at 10–40 mg/mL. This is to be 
followed by endoscopic balloon dilation of the lesion as described above.

 Outcomes

Three cases reported by Kochhar et al. of intralesional triamcinolone injections and 
EBD in patients with distal antral and pyloric stenosis following corrosive ingestion 
remained asymptomatic at follow-up ranging from 12 to 39 months, with no noted 
complications [42]. In a study by Singh et al. that combined EBD and four-quadrant 
triamcinolone injections in 11 Crohn’s disease strictures (including 3 upper GI stric-
tures), the recurrence rate 5 months after stricture dilation was 10%, with no com-
plications noted among those with upper GI strictures and the 3 UGI strictures 
maintaining a 100% long-term success rate (range 17–48 months) [43].

 Complications

As intralesional steroid injections occur most often in tandem with EBD, the com-
plication profile is similar: perforation, bleeding, and self-limited pain. Additionally, 
with injection lies a theoretical risk of intramural infection or bleeding.

65 Medical and Endoscopic Management of Gastric Outlet Obstruction



758

 Botulinum Toxin A Injection

 Overview and Patient Selection

Botulinum toxin A (BTA), a potent acetylcholine inhibitor, has long been employed 
in the gastrointestinal tract for treatment of achalasia, esophageal spasm, and anal 
fissures to relax muscle tone [44–46]. Pyloric dysfunction consisting of pyloric 
restriction or spasm may result in functional gastric outlet obstruction and contrib-
ute to gastroparesis symptoms in some patients [47].

Initial evaluation of possible candidates for endoscopic BTA injection includes 
barium fluoroscopy, which may suggest a functional pyloric obstruction. Manometry 
studies may demonstrate prolonged localized contraction. Upper endoscopy should 
also be performed for visual inspection of the pylorus to rule out lesions and may 
yield visual confirmation of constriction or spasm of the sphincter.

 Patient Preparation

Patient preparation is similar to that of endoscopic balloon dilation described above.

 Technique

After endoscopic evaluation, BTA (typically diluted in 4 ml of injectable saline) is 
delivered in four quadrants circumferentially into the pyloric sphincter using a 
sclerotherapy needle under direct visualization, with care that the injections are 
intramuscular (Fig. 65.7). The endoscopist should observe for any sign of leak into 
the lumen or of mucosal lift, both of which suggest that the needle is not positioned 

Fig. 65.7 Injection of 
botulinum toxin into 
pyloric sphincter using 
sclerotherapy needle
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deeply enough. Once all four injections have been performed, an additional 1 ml of 
saline should be injected at the original injection site to flush the remaining BTA 
from the sclerotherapy needle.

A 2009 study by Coleski et  al. suggests that higher botulinum toxin dose of 
200 units may significantly improve clinical response of patients undergoing injec-
tion for gastroparesis compared to 100 unit dosing [48]; however, successful dos-
ages reported elsewhere in the literature for treating pylorospasm have ranged from 
80 to 200 units [49–51].

 Outcomes

While endoscopic intrapyloric injection of botulinum toxin for gastroparesis has not 
been shown reliably effective in randomized control trials and is not endorsed by the 
American College of Gastroenterology, there may be a subset of patients with docu-
mented pylorospasm in which the therapy may offer benefit [47, 52]. Botulinum 
toxin injection has also been reported therapy for refractory postoperative pyloric 
spasm in patients post truncal vagotomy with pyloroplasty and following pylorus- 
preserving duodenopancreatectomy [50]. Successful endoscopic treatment with 
pylorus BTA injections for stomach dysmotility and pylorospasm, resulting from 
division of the vagus nerves during esophagectomy, has also been described [49]. It 
should be noted, however, that BTA injection is not an effective treatment option for 
hypertrophic pyloric stenosis [53].

 Complications

Complications of BTA injection include tissue inflammatory response and potential 
scarring with repeated procedures. The effect of the toxin is short-lived, and as such 
patients that benefit from this intervention may require frequent injections. In one 
study, symptom response was observed for an average of 4.9 months in women and 
3.5 months in male patients following botulinum toxin exposure [54].

 Self-Expanding Metal Stents (SEMS)

 Overview and Patient Selection

Self-expanding metal stents (SEMS) were first utilized in 1989 for the treatment of 
malignant obstruction of the biliary tract [55] and since have found wide use within 
the upper and lower GI tract to address obstruction. SEMS used for treatment of 
gastric outlet obstruction are composed of alloys such as nitinol (nickel and tita-
nium) and elgiloy (cobalt, nickel, and chromium). Approved stents come in covered 
and uncovered variations, with the covering membranes composed of plastic or sili-
cone and deployed diameters of 20–22 mm, although off-label use of stents designed 
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for esophageal or vascular use has been described. It is important to note that all 
currently available stents have some degree of shortening on deployment and appro-
priate stent sizing and selection are necessary for good clinical outcome.

Endoscopic stenting of benign lesions causing GOO may be indicated in patients 
who previously failed endoscopic balloon dilation and are poor surgical candidates 
[56–58]. Few studies evaluating endoscopic stenting have included patients with 
benign etiology of gastroduodenal obstruction along with the larger malignant pop-
ulations, and little data is available for this patient subset separate from malignant 
cases. The small numbers described are likely due to the good success rate of other 
previously described endoscopic therapy modalities that do not leave a foreign body 
at risk for migration.

 Patient Preparation

For pre-procedural planning, cross-sectional imaging is useful to assess lesion 
localization and offers a good estimate of lesion length to be stented. Patients should 
fast the evening prior to the procedure, and any coagulopathy should be corrected. 
Prophylactic antibiotics are not currently recommenced [30–32]. As with balloon 
dilation, this procedure may be performed under conscious sedation with the patient 
in the left lateral decubitus position; however, providers may elect to perform the 
procedure under general endotracheal anesthesia with the patient in supine position 
to minimize aspiration risk or for patient comfort.

 Technique

Upper endoscopy should be performed with documentation of the diameter and 
length of the obstruction. Ideal stent length allows for 2 cm coverage both proximal 
and distal to the lesion, with total stent length 4 cm longer than the lesion. If lumen 
diameter permits, the region of obstruction should be traversed to evaluate distal 
anatomy and assist with visualized wire passage; a pediatric or slim adult endo-
scope may be utilized for smaller lumen diameters. With the endoscope in place 
distal to the lesion, a stiff guidewire with a floppy tip, such as 0.038″ Savory type 
wire, is advanced into the jejunum 15–20 cm beyond the lesion. If a lesion is unable 
to be traversed endoscopically, an ERCP catheter with preloaded guidewire can be 
used, with the biliary wire passed under fluoroscopic guidance. The biliary catheter 
can then be advanced and a water-soluble contrast study obtained to confirm pas-
sage of the wire beyond the lesion. Blind passage of a guidewire is not recom-
mended. The biliary wire may be exchanged for a stiffer 0.038″ Savory type wire, 
or the biliary wire itself may then be used to guide stent insertion. If a nontherapeu-
tic scope was used in preceding steps, an over-the-wire exchange to a therapeutic 
endoscope with at least a 3.8 mm working channel is required to facilitate the 10 Fr 
TTS stent delivery systems. The enteral stent is then advanced through the endo-
scopic channel over the wire and deployed under endoscopic and fluoroscopic guid-
ance (Fig. 65.8).
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As with TTS balloon dilation, the endoscope should be positioned just proximal 
to the obstructing lesion, with the lesion situated at the midpoint of the stent. Stents 
exhibit varying amount of shortening with deployment and as such may require 
constant adjustment during deployment to ensure proper positioning, with the goal 
of 2 cm overlap beyond the lesion on both sides. For longer lesions, a second stent 
may be required. Following deployment, confirmation of luminal patency and eval-
uation for inadvertent perforation are assessed with injection of water-soluble con-
trast under fluoroscopy.

Stents will continue to expand radially for 24–48 h post-deployment, and as such 
immediate post-deployment balloon dilation is not recommended if the stent does 
not appear maximally expanded on immediate post-deployment imaging [59, 60] 
(Fig. 65.9).

a b c

Fig. 65.8 (a) Endoscopic images showing passage of wire beyond obstructing lesion. (b) Stent 
deployment over the stent delivery system. (c) Incomplete expansion of stent immediately follow-
ing deployment but with restortion of patent lumen

a b

Fig. 65.9 (a) Endoscopic image of nearly obstructed pylorus (star) between two large peptic 
ulcers. (b) Fluoroscopic image showing incompletely expanded fully covered stent (arrow) across 
aforementioned peptic lesion
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 Outcomes

The majority of outcomes data regarding SEMS in gastric outlet obstruction per-
tains to stenting in the setting of malignancy and is discussed in detail in “Endoscopic 
Stenting with SEMS in Malignant GOO” below. With regard to benign disease, two 
patients treated by Pinto Pabon et al. for benign disease resistant to balloon dilation 
and considered poor surgical candidates were reported to have clinical success [56]. 
Binkert et al. included two patients with benign obstruction in their stent series, with 
one patient with peptic pyloric stenosis experiencing retention symptoms on post- 
procedure day 5 and imaging showing the distal end of the stent abutting the duode-
nal wall [57]. Bae et al. describe treatment of a duodenojejunal anastomotic stricture 
with placement of a temporary PTFE-covered nitinol stent for a period of 2 months 
and observed continued favorable results at 6 months following stent removal [58].

 Complications

As studies specific to stenting in benign gastric outlet obstruction are lacking, the 
majority of the data regarding complications with stenting gastric outlet obstruction 
come from deployment in the setting of malignant disease. Please refer to the 
Complications section for “Endoscopic Stenting with SEMS in Malignant GOO” 
below.

 Palliative Endoscopic Interventions in Malignant Disease

Gastric outlet obstruction is commonly associated with advanced malignancies 
involving the upper GI tract, and palliative intervention to address symptoms and 
improve quality of life is an important aspect of patient care. Average life expec-
tancy for patients presenting with malignant gastroduodenal obstruction is 
3–6  months [61–64]. Surgical palliation for malignancy is any procedure that is 
performed with the intent to relieve symptoms due to malignancy or with the aim of 
improving quality of life [65]. Palliative procedures utilized in malignant GOO 
include operative open or laparoscopic gastrojejunostomy and nonoperative endo-
scopic therapies such as stenting and gastric decompression. In choosing which 
palliative intervention is most appropriate for obstruction in advanced malignancy, 
several factors should be considered, including extent of disease, patient medical 
condition and comorbidities, details of symptomatology and quality of life, patient’s 
goals and expectations, and prognosis and life expectancy [59, 65].

 Endoscopic Stenting with SEMS in Malignant GOO

 Overview and Patient Selection

Stenting is indicated for patients with non-resectable obstructing disease and 
patients with tumor recurrence at previous surgical anastomosis presenting with 
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GOO.  While operative gastrojejunostomy is associated with better long-term 
patency and with fewer repeat interventions compared to endoscopic stenting, stent-
ing has been shown to have lower procedure-related mortality, shorter hospital stay, 
and quicker return to oral intake and is less invasive [61, 62, 64, 66–70]. As such, 
endoscopic stenting may be more appropriate in patients with short life expectancy 
(<6 months). Differences in overall complication and reintervention rates for uncov-
ered and fully covered stents have not been found significant [71–73]. Uncovered 
stents are more commonly used than fully covered stents in palliation of malignant 
obstruction due to their lower migration rate [74–76]. This has been suggested as 
related to their incorporation into the wall of the organ in 3–6 weeks [59, 77, 78]. 
This lower migration rate, however, may be a trade-off with a higher reobstruction 
rate due to tumor ingrowth [66, 71, 73, 74, 79], though some studies have shown 
longer patency of uncovered to covered stents [72, 73, 80]. Covered stents may be 
deployed in event of leak or reobstruction from tissue ingrowth within an uncovered 
stent—the radial pressure of the covered stent deployed within the uncovered stent 
results in necrosis of the ingrown tissue and resolution of obstruction [60].

If biliary obstruction is present or likely to occur with disease progression, endo-
scopic placement of a biliary stent should be strongly considered prior to gastroduo-
denal stenting (Fig.  65.10). Endoscopic biliary access may be difficult if not 
impossible after gastroduodenal stent placement and result in need for percutaneous 
transhepatic biliary drainage [65, 69]. Concomitant or subsequent biliary obstruc-
tion with stenting in malignant GOO has been reported in up to 44% of cases [12]. 
Duodenal obstructions from malignancy should not be routinely dilated prior to 
SEMS placement as dilation caries risk of perforation [60, 69]. Dilation may be 
necessary, however, in patients who also require biliary stent placement to allow for 
passage of the larger duodenoscope required for endoscopic retrograde 
cholangiography.

Long segment stenosis, multilevel intestinal obstructive disease (as often seen in 
peritoneal carcinomatosis), and poor functional status are predictive of ineffective 
stenting, and such patients are less likely to see symptomatic relief [64, 75]. GI 
perforation is a contraindication to palliative stent placement.

Fig. 65.10 CT scan 
showing duodenal 
obstruction by malignancy 
with severely dilated 
common bile duct (star) 
and dilated pancreatic duct 
(arrow) due to concomitant 
malignant biliary 
obstruction
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 Patient Preparation

Patient preparation for endoscopic stenting in malignant GOO is the same as dis-
cussed above for stenting in benign disease. Pre-procedural cross-sectional imaging 
remains useful for procedural planning. Care should be taken to correct coagulopa-
thy, as this may be exacerbated by malnutrition in patients with more chronic 
obstruction. Current guidelines do not support preoperative antibiotic administra-
tion [30–32]. Patients should fast the evening prior to the procedure; however, large 
gastric residuals may still require gastric decompression prior to the procedure. 
Patient comfort and aspiration risk may predispose providers to perform endoscopic 
stenting under general endotracheal anesthesia; however, it is also possible to per-
form the procedure under conscious sedation with the patient positioned in the left 
lateral decubitus position.

 Technique

Technique for endoscopic self-expanding metal stent placement for gastric outlet 
obstruction in setting of malignancy is equivalent to stent deployment in benign 
disease (outlined above). Typically uncovered stents are selected for primary inter-
vention, with covered stents utilized for reobstruction due to tissue ingrowth in a 
stent-in-stent fashion.

 Outcomes

Endoscopic stenting in malignant GOO has high technical and clinical success. 
Dormann et al., in large systematic review of over 6000 patients, found 97% under-
went technically successful stenting and 89% had clinical symptom relief and oral 
intake improvement [81]. A meta-analysis by Minata et al. similarly found technical 
and clinical success rates of 95% and 90%, respectively [71]. Covered and uncov-
ered stents have been shown to have comparable technical and clinical success rates, 
as well as overall patency rates [73, 74, 80].

Reported rates of resumption of oral food intake following uncovered gastroduo-
denal stenting for malignant obstruction are in the range 73–87.4% [12, 56, 75, 82]. 
Significant improvement in GOOSS in 86% of stented patients was measured by 
Adler et al., with 58% of patients able to resume oral intake within 24 h of the pro-
cedure [12]. Similarly a small series of 8 patients by Binkert et al. report 78% of 
stented patients reported quality of life improvement with return of oral intake and 
relief of vomiting, as well as a 100% patency rate in patients who received uncov-
ered stents for GOO of the duodenum and stomach over follow-up of 1–52 weeks 
(mean 17 weeks) or until patient death [57].
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 Complications

Reintervention rate for both covered and uncovered stents has been reported as high 
as 20–25% of patients [12, 71]. Early major complication rate from stent placement 
has been reported at 7%, due to stent dysfunction, migration, aspiration, bleeding, or 
perforation [12, 83]. The late complication rate (>7 days following stent placement) 
is reportedly higher at 18%, predominantly due to reobstruction, stent migration, 
bleeding, and perforation [62, 63, 83–85]. A more distal location of malignant GOO 
has been shown to be predictive of stent occlusion [76, 86]. Restenosis secondary to 
tumor ingrowth is higher in patients with uncovered SEMS [73, 74]. Overall perfora-
tion rate after stenting in a large retrospective multicenter cohort study was reported 
at 2.2%, with deployment of two stents in the same procedure the single predictive 
factor for perforation (p < 0.01), suggesting that longer stenosis and the increased 
axial force of overlapping stents may contribute to perforation risk [75].

Higher incidence of stent migration is seen in fully covered stents compared to 
uncovered SEMS [59, 73–75, 79]. Additional factors related to stent migration 
include to lesion location, initial undersizing of the stent diameter, or reduction in 
lesion size with treatment of underlying process such as chemotherapy in malig-
nancy. Partial stent migration may be addressed with repositioning or insertion of 
an overlapping stent if anatomy allows. Complete migration of the stent from ini-
tial placement location is addressed with stent retrieval and replacement if it is 
within reach of an endoscope. Distal migration of stents may require surgical 
retrieval (Fig. 65.11). Stent migration is a common occurrence with endoscopic 

a b

Fig. 65.11 (a) Abdominal X-ray image showing migration of an uncovered duodenal stent into 
the distal small bowel. (b) CT image showing fully covered duodenal stent migration in another 
patient. Both patients required operative intervention for stent removal
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stenting, and endoscopic clipping of the proximal stent to the mucosa has been 
shown to reduce risk of early stent migration in patients with malignant gastric 
outlet obstruction [87].

Stent kinking, collapse, breakage, and occlusion due to food impaction com-
bined are reported at 2.8% [75]. Food impaction resulting in obstruction may be 
addressed endoscopically. Low-residue diet, with avoidance of leafy greens, is rec-
ommended by some to prevent this complication [65, 88]. Obstruction due to 
ingrowth of malignancy or granulation tissue may be addressed with placement of a 
second stent within the lumen of the first. The radial tension of the second stent, 
usually a fully covered stent, results in tissue necrosis of the accumulated tissue and 
reopening of the lumen.

 Decompressive Percutaneous Endoscopic  
Gastrostomy (PEG) Tube

 Overview and Patient Selection

Placement of a percutaneous decompressive gastrostomy (PEG) tube is appropri-
ate for patients with obstructing malignancy in whom surgery or stent placement 
is not possible [89–91]. Patients will often undergo nasogastric tube (NGT) 
decompression first to more quickly address symptoms of intractable nausea and 
emesis in GOO; however, long-term NGT use is not recommended due to risk of 
erosion in the nasal passages as well as patient discomfort associated with the 
tube. Symptomatic response to NGT decompression, however, may be a good 
predictor of decompressive PEG response; one retrospective study by Issaka et al. 
found that patients with a clinical response to NGT decompression prior to PEG 
placement had zero hospitalizations for obstructive symptoms following decom-
pressive PEG [92].

Presence of malignant ascites, diffuse carcinomatosis, or tumor encasing the 
stomach may make placement of a PEG tube more difficult; however, they are not 
absolute contraindications to the procedure [89, 92].

 Patient Preparation

As discussed above, patients may benefit from a trial of NGT decompression prior 
to PEG placement; however, at the least patients should fast the evening prior to 
procedure. Coagulopathy, if present, should be corrected. Prophylactic antibiotics 
with coverage for skin flora should be administered within 1 h of the procedure as 
this is associated with significant reduction in peristomal and abdominal wall infec-
tions [93]. Percutaneous endoscopic gastrostomy tube placement is performed in 
the supine position. For patient comfort and to reduce the risk of aspiration, general 
endotracheal anesthesia may be utilized, but is not required.
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 Technique

Upper endoscopy should be performed with documentation of the obstructing lesion 
and location. The endoscope is then withdrawn into the stomach and any residual 
food or fluid within the stomach evacuated. Full gastric insufflation is then per-
formed to approximate the stomach with the anterior abdominal wall. Procedure 
room lights are dimmed, and identification of optimal PEG placement site on the 
abdominal wall is identified by the location of maximal transillumination, as this 
represents the region where the stomach is most close to the abdominal wall without 
intervening viscera. The site is confirmed with finger compression of the abdominal 
wall beginning at 2 cm below the costal margin near the midline until the endosco-
pist can clearly visualize this palpation of the abdominal wall. Ideal placement is 
between the greater and lesser gastric curves to avoid major vasculature and distal 
in the stomach body or proximal antrum in as dependent a position as feasible to 
promote gravity drainage.

Difficulty with transillumination may occur in patients with malignant ascites, 
tumor involvement of the abdominal wall, or in patients with multiple prior abdomi-
nal operations, and the use of fluoroscopy may aid in defining appropriate place-
ment [94] (Fig.  65.12). If difficulty with transillumination is due to malignant 

a c

b

Fig. 65.12 (a) Endoscopic image of a metastatic ovarian lesion resulting in complete duodenal 
obstruction in a patient requiring decompressive PEG. (b) Involvement of gastric wall and the 
altered anatomy due to tumor burden seen on CT complicate traditional PEG placement methods. 
(c) Fluoroscopy was utilized for optimal placement. Surgical instrument placed on the abdomen 
was used to mark ideal decompressive PEG placement location. Percutaneous transhepatic biliary 
drain is seen in situ
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ascites, drainage of ascites fluid with insertion of a peritoneal catheter may increase 
visibility. If used, the peritoneal catheter should remain in place for several days 
post procedure to allow for continued ascites management to allow the gastrostomy 
site to heal [92].

Once the insertion site is identified, the skin is prepared with an antiseptic prepa-
ration, the region infiltrated with local anesthetic, and the sight confirmed with the 
“safe tract” technique, for which an assistant is necessary. A small caliber needle 
attached to a syringe partly filled with fluid is advanced with negative pressure 
applied to the syringe plunger, while the endoscopist directly visualizes needle 
entry into the stomach. The endoscopist should visualize needle entry at the same 
moment that the assistant sees air withdrawn into the syringe. If air is seen in the 
syringe before the endoscopist sees the needle (indicating passage into small bowel 
or colon) or if blood is withdrawn (indicating likely liver puncture or epigastric or 
gastroepiploic vessel), location needs to be re-evaluated.

After “safe tract” confirmation, a small skin incision is made transversely over 
the “safe tract” site. When a PEG is placed for GOO, we elect to place gastrointes-
tinal T-anchors around the PEG site (Fig. 65.13). T-anchors help oppose the gastric 
body to the abdominal wall, which may reduce the risk of PEG leak in this high-risk 
population. Leak may occur in PEGs placed for GOO due to the high volume of 
gastric contents, the presence of malignant ascites, or from malnutrition from 
chronic gastric obstruction.

The endoscopist should ensure that the stomach remains fully insufflated. A 
snare is inserted into the working channel and opened adjacent to the anticipated 
needle entry site. The introducer needle and cannula are then inserted through the 
abdominal wall at the incision site into the gastric lumen under direct visualization, 
and the snare used to secure the cannula with the introducer needle removed 
(Fig. 65.13). The assistant then inserts a looped guidewire through the cannula and 
the wire grasped with the snare. The endoscope, snare, and wire are then withdrawn 
in unison by the endoscopist through the patient’s mouth.

Fig. 65.13 Endoscopic 
image during PEG 
placement, showing snare 
positioned around the 
introducer needle and 
catheter. Gastrointestinal 
T-anchors (arrowheads) 
may be used in patients 
with malignant GOO to 
help oppose gastric body to 
the abdominal wall and 
reduce risk of leak

C. C. Sonntag and E. M. Pauli



769

The “pull technique” is then employed for tube insertion. Tube sizes ranging 
from 15 to 24 Fr have shown good results with decompression [91, 94], and Duncan 
et al. have demonstrated that increased tube size does not decrease tube blockage 
rates [95]. The PEG tube is attached to the guidewire by the endoscopist at the 
mouth, and the endoscopist may elect to use the snare to grasp the PEG internal 
retention bumper in an in-line manner to allow the endoscope to be advanced into 
the stomach while the assistant pulls the wire at the abdomen to pull the PEG tube 
into place. The assistant should apply constant gentle pressure to the abdominal end 
of the guidewire to advance the tube into the stomach until the tapered portion of the 
PEG tube has exited the abdominal wall and the internal bumper is engaged with the 
stomach wall (Fig. 65.14).

The assistant next attaches the external bumper to the tube and the endoscopist 
confirms hemostasis and that the tube assembly is not too tight—that the internal 
retention bumper can spin easily. The centimeter marking at the skin should be 
recorded for future reference, and any remaining kit clamps and adaptors attached. 
The tube should be left open to gravity drainage at the conclusion of the procedure. 
Patients and caregivers should receive hands-on education in tube care and proper 
venting.

For patients in whom malignant ascites or bulky abdominal tumor burden pre-
cludes PEG placement, a percutaneous transesophageal gastrostomy (PTEG) tech-
nique can be considered [96, 97]. With the patient in a supine position, a rupture free 
balloon is advanced into the esophagus and confirmed fluoroscopically. Under ultra-
sound guidance, a needle is advanced through the left neck and into the balloon. A 
guidewire is placed transcervically and advanced into the distal esophagus. A 16 Fr 
sheath dilator is used to dilate the cervical tract, and a long decompressive tube is 
advanced into the stomach. The guidewire is removed and the tube is secured to the 
neck with suture.

Fig. 65.14 Endoscopic 
visualization of PEG tube 
internal bumper engaged 
with stomach wall and 
hemostasis following 
insertion
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 Outcomes

Decompressive percutaneous gastrostomy tubes successfully resolve symptoms in 
84–97% of patients in malignant intestinal obstruction, and technical success rates 
are high (up to 93%) [89, 91, 92, 98]. Additionally, many patients with more distal 
intestinal lesions are able to resume liquids and occasionally soft foods with decom-
pressive gastrostomy tubes left to gravity drainage, which for many offers quality- 
of- life benefit from being able to engage in the social activity of eating [89].

 Complications

Minor complications associated with PEG tube insertion include infection, local 
pain at insertion site, peristomal leakage, skin excoriation, tube migration, and tube 
blockage and have reported incidence of 5–13% [99]. A retrospective review by 
Issaka et al. found infectious complications in decompressive percutaneous gastros-
tomy tube placement were more common in patients with malignant ascites, with a 
trend toward fewer infectious events if ascites was drained prior to decompressive 
PEG placement [92]. Major complications, including peritonitis, tube dislodge-
ment, fasciitis, and tumor implantation at the gastrostomy tube site, occur in 1.3–3% 
of patients [99].

 Novel Therapeutic Endoscopic Interventions for GOO

 Peroral Endoscopic Pyloromyotomy

Endoscopic division of the pyloric muscle complex (so-called peroral pyloromyot-
omy (POP) or gastric peroral endoscopic myotomy (G-POEM) is a novel technique 
that applies principles learned from esophageal peroral endoscopic myotomy 
(POEM) cases. Briefly, a submucosal bleb is created with a saline solution and a 
mucosal incision is created. The endoscope is advanced into the submucosal space 
and a tunnel is dissected toward the pylorus. When the pyloric ring is reached, the 
inner circular and oblique fibers of the muscle complex are divided with electrosur-
gical energy. The scope is subsequently withdrawn from the submucosal tunnel, and 
the mucosal entry site is closed with endoscopically placed clips.

Kawai et al. first reported feasibility of endoscopic pyloromyotomy using sub-
mucosal tunneling technique in porcine models in 2012 [100], followed by the first 
human report of its use by Kashab et al. in a patient with refractory diabetic gastro-
paresis who refused surgical intervention in 2013 [101]. Early successful use of 
peroral endoscopic pyloromyotomy was described in cases of post-esophagectomy 
gastric outlet obstruction, postsurgical or idiopathic gastroparesis, and a case of 
adult primary pyloric stenosis [102–104].
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Two larger retrospective studies evaluating efficacy and safety of G-POEM in 
patients with gastroparesis refractory to previous therapeutic measures who under-
went G-POEM have recently been reported by Gonzalez et  al. (12 patients) and 
Kashab et al. (30 patients.) Both report 100% technical success rate and good clini-
cal responses with 85% and 86% of patients showing symptom improvement or 
resolution during follow-up of 3 and 5.5  months, respectively [105, 106]. 
Additionally Kashab et al. showed normalization of gastric emptying scan in 46% 
and improvement in another 35% of 17 patients who underwent repeat scan follow-
ing intervention [106]. Gonzalez et  al. report a greater normalization of 75% of 
gastric emptying scans performed at 2 months following G-POEM [105]. The 
cohort evaluated by Gonzales et al. reports zero adverse events, and Kashab et al. 
report an adverse event rate of 6.7% (two patients) due to capnoperitoneum man-
aged by intraprocedure needle drainage (one patient) and prepyloric ulcer on 
second- look enteroscopy that was medically treated (one patient) [105, 106]. 
Limitations of these studies include retrospective methodologies and patient num-
bers (12 and 30 patients); nonetheless, they strengthen the evidence for technical 
feasibility as well as clinical efficacy of G-POEM in patients with gastroparesis. 
Further experiences with prospective, sham-controlled trials of G-POEM/POP for 
gastroparesis are needed to better identify which patients will have highest probabil-
ity of response, but thus far it appears a promising technique for treatment of refrac-
tory gastroparesis [107].

 GJ Anastomosis with Magnets

With evidence of prolonged patency in gastrojejunostomy compared to enteral 
stenting for palliation for malignant gastric outlet obstruction, there is increased 
interest in development of endoluminal entero-enteral bypass systems that may be 
utilized in those deemed too high risk for laparoscopic surgery. Compression anas-
tomoses utilizing magnets have been described in porcine models; however, results 
were initially limited by transoral delivery methods resulting in small anastomosis 
and subsequent poor long-term patency rates [108–110]. Incorporation of enteral 
stents results in increased patency but is associated with obstruction, migration, 
and bleeding as well as retained foreign object [111, 112]. Recently, Ryou et al. 
have developed a purely endoscopic smart magnet system that self-assembles into 
an open macro-configuration that when paired with another mate in an adjacent 
lumen results in a portal for either immediate enterostomy or fusion over several 
days followed by the magnets sloughing off and being naturally expelled, leaving 
behind a large caliber anastomosis [113, 114]. They have most recently demon-
strated anastomosis durability and long-term patency of the technology in porcine 
models [115].
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 GJ Anastomosis with Lumen-Apposing Metal Stents  
(LAMS Gastrojejunostomy)

Endoscopic ultrasound-guided gastrojejunostomy using fully covered lumen- 
apposing biflanged metal stents (LAMS) has recently become an option for symp-
tomatic management in benign and malignant gastric outlet obstruction. The goal of 
the procedure is to produce a fully functional anastomosis without the need for open 
procedure and has been described successfully in individual cases and small studies 
[116–121].

A recent multicenter retrospective study by Tyberg et  al. of 26 patients with 
benign and malignant disease who underwent ultrasound-guided gastrojejunostomy 
with lumen-apposing stents reported technical success in 92% of patients, with 
clinical success in symptom resolution and ability to tolerate oral diet in 85% [118]. 
Of the 22 patients with clinical success, 19 had had failure of previous endoscopic 
intervention for their GOO. Overall adverse event rate was 11.5% and included two 
patients with failed distal LAMS placement, one of whom had extensive malignant 
disease and developed peritonitis and died the following day. The second patient 
with LAMS misplacement was salvaged with deployment of SEMS, however devel-
oped post-procedure bleeding requiring transfusion.

Retrospective study by Chen et al. compared outcomes of EUS-guided gastroje-
junostomy to endoscopic stenting in patients with malignant gastric outlet obstruc-
tion and showed no significant difference between clinical and technical success or 
adverse and severe adverse events between the two modalities [122]. Their adverse 
event rate for EUS-guided gastrojejunostomy was 16.7%, comparable to the rate 
reported by Tyberg et al., and included three misdeployments of the stent into the 
peritoneum. Endoscopic stenting was noted to have a significantly greater reinter-
vention rate over the follow-up period compared to EUS-guided gastrojejunostomy 
[122]. These studies suggest promising results for use of EUS-gastrojejunostomy in 
gastric outlet obstruction; however, further studies of prospective nature of long- 
term outcomes as well as larger prospective comparative studies are still needed.

 Conclusion
The most common cause of gastric outlet obstruction has shifted from benign 
causes to malignancy since the introduction of H2 blockers and medical therapy 
for H. pylori infection. As such, thorough evaluation and workup for malignancy, 
including endoscopic evaluation and biopsy, are necessary for all patients pre-
senting with gastric outlet obstruction. Treatment of GOO is dependent on spe-
cific etiology of the obstruction; however, all patients presenting with acute 
obstruction will benefit from NGT decompression and fluid and electrolyte 
replacement. Several endoscopic therapies are now available for symptomatic 
management of gastric outlet obstruction—TTS balloon dilations, injections of 
steroids and botulinum toxin, self-expanding metal stents, and decompressive 
PEG tubes—each appropriate in different etiologies. The continuing advance-
ment of endoscopic technologies will likely lead to the development and imple-
mentation of still more novel interventions.
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66Surgical Management: Resection 
and Reconstruction Versus Drainage

Anupamaa J. Seshadri and Douglas S. Smink

 Indications for Surgical Management

Historically, peptic ulcer disease was the leading cause of benign gastric outlet 
obstruction, necessitating surgical management to restore the ability for oral intake 
[1]. With better understanding of the underlying causes of peptic ulcer disease and 
improved medical therapies, gastric outlet obstruction from peptic ulcer disease has 
become more rare. Current data suggest that gastric outlet obstruction occurs in 
2–8% of patients with peptic ulcer disease [2–4]. In spite of declining rates of surgi-
cal procedures related to peptic ulcer disease (Fig. 66.1), gastric outlet obstruction 
still remains a significant problem that requires surgical expertise. There are esti-
mates that obstruction necessitates operative management in approximately 2000 
peptic ulcer disease patients per year in the United States [3]. Therefore, the surgeon 
must be not only comfortable with the operative techniques for management of this 
entity but also have an in-depth knowledge of the decision-making required to 
determine the best operation for each individual patient. In this chapter, we discuss 
the strategy of resection and reconstruction in comparison to drainage procedures 
and outline the relative advantages and disadvantages of each procedure.

 Resection and Reconstruction

 Procedure Options

Definitive treatment for gastric outlet obstruction in peptic ulcer disease is resection 
of the obstructed area, typically consisting of an antrectomy, as well as a vagotomy 
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to prevent recurrent peptic ulcer disease. A number of options exist for reconstruc-
tion, including a Billroth I, Billroth II, or Roux-en-Y reconstruction. The technical 
details of these operations have been discussed in prior chapters and will therefore 
not be discussed here.

 Advantages

Vagotomy and antrectomy have several benefits in the management of gastric outlet 
obstruction for patients with peptic ulcer disease, the most important of which is 
that antrectomy provides definitive therapy by resecting the area of obstruction. 
Antrectomy also eliminates gastrin release from the antrum, thus decreasing acid 
secretion [5]. Vagotomy at the time of the resection further reduces subsequent acid 
production, leading to only a 5% risk of recurrent ulceration [5–7]. Finally, resec-
tion and reconstruction enable the pathologist to definitively identify or rule out 
malignancy in the area of ulceration and obstruction.

 Disadvantages and Complications

A main disadvantage of vagotomy and antrectomy is the risk of anastomotic 
leak and the morbidity associated with this. This risk is particularly relevant in 
this patient population, as gastric outlet obstruction can lead to malnutrition, 
which hinders anastomotic healing. Further risk factors for anastomotic leak 
include patient smoking, steroid medications, long operative time, and gross 
spillage [8]. Anastomotic leak can be managed operatively or with percutaneous 
drainage depending on the nature of the leak and the hemodynamic stability of 
the patient.
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Fig. 66.1 Decreasing 
incidence of procedures 
related to peptic ulcer 
disease. The lines represent 
different ICD-9 CM 
procedure codes: 44.01 
truncal vagotomy, 44 
vagotomy not otherwise 
specified, 43.6 partial 
gastrectomy with 
anastomosis to duodenum. 
(Adapted from Basinskaya 
et al. [39])

A. J. Seshadri and D. S. Smink



781

Another potentially catastrophic complication is duodenal stump blowout, which 
can occur in 1–6% of patients who are reconstructed with a Billroth II technique [9]. 
As the name suggests, this is caused by breakdown of the staple line at the proximal 
duodenum. This can be caused by ischemia of the duodenal stump secondary to 
mobilization, or from afferent loop syndrome, where there is distention of the duo-
denum and jejunum of the afferent limb of the Billroth II reconstruction secondary 
to obstruction from adhesions, internal herniation, volvulus, or an edematous or 
tight gastrojejunostomy [10, 11]. This complication can cause devastating sepsis 
and is associated with a mortality rate of 5–16% [12]. To prevent duodenal stump 
blowout, a duodenostomy tube can be placed at the time of the operation for decom-
pression of the duodenal stump [10, 13]. Alternatively, a nasogastric tube can be 
placed through the gastrojejunostomy into the afferent loop at the time of surgery to 
allow for early decompression [11]. Once it occurs, duodenal stump blowout may 
need to be managed operatively, and the underlying cause of afferent loop syn-
drome, if present, should be addressed at that time.

Delayed gastric emptying can also occur after vagotomy and antrectomy. 
Thirteen percent of all gastroparesis cases are postsurgical, and while not all of 
these cases are related to vagotomy and antrectomy, they are commonly associated 
[14]. There are multiple explanations for this postoperative gastroparesis, including 
vagotomy-induced gastric atony and neuromuscular dysfunction, decreased 
mechanical digestion of food in the stomach after antrectomy, and potential disrup-
tion of the migrating motor complex in the setting of Billroth II or Roux-en-Y 
reconstruction [15–17]. The management of postoperative gastroparesis is initially 
supportive, as it can often resolve without further intervention. This is potentially 
because of vagal reinnervation or adaptation by the enteric nervous system [18]. 
Medical therapy with erythromycin, metoclopramide, or other prokinetic agents 
may also be attempted [19, 20]. For those patients who do not improve with medical 
management and at least a year of expectant management, further procedures may 
be required. Completion gastrectomy is one option, but the success rate reported in 
the literature ranges widely from 40% to 80% [21, 22]. Conversion to Roux-en-Y 
gastrojejunostomy can be performed but should include resection of the atonic 
stomach. This has a reported success rate of only 66%, likely because of potential 
continued stasis secondary to a denervated Roux efferent limb [23, 24]. Finally, 
gastric electrical stimulation can be attempted, although this is not yet commonly 
performed in this patient population [22, 25].

Conversely, patients after vagotomy and antrectomy can develop dumping syn-
drome, with rapid emptying of the stomach after a meal. This is classified into early 
(within 10–30 min of a meal) and late (1–3 h after a meal) forms, with the majority 
of patients affected having early dumping and only approximately 25% of patients 
experiencing late dumping [25, 26]. The mechanisms behind dumping syndrome 
are multifactorial. These include a reduced stomach reservoir size, altered emptying 
patterns, and change in neural and hormonal feedback postoperatively that lead to 
rapid emptying of osmotically active chyme into the small intestine. Dumping 
results in bowel distention and osmotic shifts that can lead to abdominal pain, nau-
sea, bloating, tachycardia, and dizziness [25]. Dumping syndrome has been found 

66 Surgical Management: Resection and Reconstruction Versus Drainage



782

to be most prevalent with a Billroth II reconstruction, with a reported frequency of 
7–29% [26, 27]. Similar to postoperative delayed gastric emptying, the preferred 
treatment for dumping syndrome is nonoperative because the majority of patients 
will improve over time. Nonoperative management of dumping syndrome includes 
change in diet to several small meals per day, as well as medical therapies including 
acarbose and octreotide [25]. Should the patient fail nonoperative management after 
1 year, surgical intervention may be pursued, including narrowing the gastrojejunal 
stoma or converting the patient’s reconstruction to a Billroth I or a Roux-en-Y 
reconstruction. However, there are no clear data about the efficacy of these conver-
sions or as to which procedure has the best outcomes [25, 28].

Alkaline or bile reflux gastritis can occur, specifically after a Billroth I or II 
reconstruction. The reflux of bile salts and other intestinal contents into the stomach 
can cause damage to the gastric mucosa, leading to abdominal pain and bilious 
emesis [29, 30]. Medical management of bile reflux gastritis includes administra-
tion of cholestyramine, H2 blockers, proton pump inhibitors, sucralfate, or promo-
tility agents, but these treatments are often unsuccessful [31]. Typically, treatment 
of bile reflux requires reoperation with conversion to a Roux-en-Y configuration, 
although performing a Braun enteroenterostomy (Fig. 66.2) can also assist in diver-
sion of bile from the stomach in those patients that have had a Billroth II reconstruc-
tion [29, 32].

Finally, while resection and reconstruction is definitive therapy for gastric outlet 
obstruction, there is a risk that the patient could develop restenosis and recurrent 
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Fig. 66.2 Braun 
enteroenterostomy as part 
of a Billroth II 
reconstruction, for 
prevention of bile reflux
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obstruction. There is a reported restenosis rate of 5–8% after resection and recon-
struction in this patient population [33].

 Drainage Procedures

 Procedure Options

Drainage procedures are an option for surgical management of gastric outlet 
obstruction in peptic ulcer disease, in conjunction with vagotomy to treat the under-
lying excess acid production. These procedures include pyloroplasty and gastroje-
junostomy without resection. Pyloroplasty techniques will be discussed in more 
detail in the following chapter; here, we will focus on the management advantages 
and disadvantages conveyed by drainage as opposed to technical details of the 
procedure.

 Advantages

Both pyloroplasty and gastrojejunostomy without resection have a distinct advan-
tage in being a shorter, less involved surgery than any of the resection and recon-
struction procedures discussed in the previous section. Furthermore, these 
procedures require less dissection of the inflamed and scarred tissue, making inad-
vertent injury to vital structures less likely and therefore conveying a safety advan-
tage [3]. These procedures also have fewer staple lines and anastomoses than those 
required for resection and reconstruction, and in this patient population that often 
suffers from malnutrition, this decreases the risk of potentially severe anastomotic 
leak. Either drainage procedure would be performed with vagotomy, so they retain 
the same advantage of decreasing ulcer recurrence that vagotomy supplies in resec-
tion and reconstruction procedures.

 Disadvantages and Complications

The most prominent disadvantage of pursuing drainage as opposed to resection 
and reconstruction in patients with gastric outlet obstruction in the setting of pep-
tic ulcer disease is the potential for recurrence. Ulcer recurrence with repeat 
obstruction has been reported to occur in up to 50% after drainage procedures, 
although these data are from prior to our modern understanding of H. pylori [4]. 
Indeed, one prospective randomized study comparing techniques for treatment of 
gastric outlet obstruction secondary to duodenal ulcer found that vagotomy and 
gastrojejunostomy had equivalent outcomes to vagotomy and antrectomy, 
although vagotomy and Jaboulay gastroduodenostomy patients did have some 
recurrence of ulcer disease [34].

Bile reflux is also a potential complication of drainage procedures [35]. This can 
be treated through the modalities described in the previous section, but as there is 
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significantly less bile reflux gastritis in those patients who undergo Roux-en-Y 
reconstruction, drainage with a primary Roux-en-Y configuration may be preferred 
to avoid this complication [36].

Afferent loop syndrome can occur in patients who undergo gastrojejunostomy 
without resection for drainage. In the absence of antrectomy, there is no risk for 
duodenal stump leak although eventual perforation of originally intact bowel may 
occur because of progressive distention and bowel ischemia. The symptoms caused 
by afferent loop syndrome include abdominal pain, nausea, and emesis and require 
operative management to treat the underlying cause, whether it is volvulus, adhe-
sions, or internal herniation [10].

Dumping syndrome can also occur in those patients who undergo drainage pro-
cedures, although some studies demonstrate a lower rate than in resection and 
reconstruction procedures [37, 38]. It is equally difficult to manage in this patient 
population, with the same strategy to be employed of a prolonged trial of nonopera-
tive management and with no convincing data on which surgical procedure is best 
should an operation be required.

 Decision-Making

While gastric outlet obstruction in patients with peptic ulcer disease has become 
less common with improvements in medical therapy, it remains a problem that the 
surgeon may encounter and requires focused decision-making to ensure the best 
outcome for the patient. Vagotomy and antrectomy remain the gold standard for 
management of gastric outlet obstruction in this patient population, as it is a defini-
tive treatment with low recurrence. However, the procedure can be long, requires 
multiple staple lines and anastomoses, and may be difficult in the patient with 
chronic ulcer disease that has significant inflammation and scarring in the operative 
field. Therefore, drainage procedures remain a useful option in patients who cannot 
tolerate a longer operation due to frailty or comorbidities and in patients who have 
inflammation and fibrosis that distort the operative anatomy, making resection 
unsafe. As a result, a discussion with the patient preoperatively about the potential 
need to convert from a planned resection to drainage is critical, as a patient who 
appears to be a good candidate for resection may have unexpectedly hostile anat-
omy discovered intraoperatively. It is also important to optimize the nutrition of any 
patient who is undergoing a surgical procedure for gastric outlet obstruction preop-
eratively to assist in their postoperative healing.
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67Surgical Management:  
Pyloroplasty Options

Andrea M. Stroud and Jacob A. Greenberg

 Indications

Surgical intervention for benign gastric outlet obstruction (GOO) may be consid-
ered as primary therapy or after failed pneumatic dilation (PD). Current data sug-
gest that H. pylori-negative patients respond poorly to PD alone [1]. Thus in patients 
with recurrent symptoms after two dilations or those found to be H. pylori negative, 
surgery should be strongly considered. There are a variety of surgical interventions 
available for the treatment of GOO, including drainage procedures as well as proce-
dures requiring resection with reconstruction. In this chapter we will focus on surgi-
cal options for pyloroplasty. Pyloroplasty facilitates gastric emptying through 
incision of the pyloric muscle and reconstruction of the pyloric channel [2]. This 
approach results in low recurrence rates for GOO as well as low incidence of post-
gastrectomy pathophysiology [1]. Pyloroplasty may be performed via an open, 
laparoscopic, robotic, or endoscopic approach.

 Operative Technique

 Open Techniques

Open techniques for pyloroplasty include the Heineke-Mikulicz (HM) and Finney 
procedures. Also described is the Jaboulay pyloroplasty, which technically is a gas-
troduodenostomy as the incision does not extend through the pylorus. Additional 
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modifications of the traditional HM pyloroplasty have been described and are men-
tioned briefly. The choice of pyloroplasty should be based on the condition and 
quality of the tissue. Even in the presence of fibrosis and inflammation, the HM 
pyloroplasty is often feasible. In the presence of an inflexible duodenum, a Finney 
or Jaboulay pyloroplasty should be considered. This decision should be made prior 
to gastroduodenal incision, given that the optimal incision differs between proce-
dures (Fig. 67.1).

Fig. 67.1 Anatomic location of pyloroplasty incisions. (a) Heineke-Mikulicz pyloroplasty, (b) 
Finney pyloroplasty, (c) Moschel pyloroplasty, (d) Jaboulay pyloroplasty 
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 General Considerations

The patient is positioned supine on the operating room table. A general anesthetic is 
required. A prophylactic dose of preoperative antibiotics with appropriate coverage 
for upper gastrointestinal flora is administered, along with 5000 units of subcutane-
ous unfractionated heparin. A Foley catheter can be omitted, unless the surgeon 
suspects that patient factors may prolong the expected operative time. A standard 
midline laparotomy prep and drape is performed. An upper midline laparotomy 
incision is utilized. In the majority of cases, a generous Kocher maneuver is required 
for adequate maneuverability of the tissues. The anterior surface of the pylorus 
should be minimally involved in the inflammatory process to allow for a healthy, 
tension-free closure.

 Heineke-Mikulicz Pyloroplasty

After obtaining exposure and performing a Kocher maneuver, an incision is made 
along the anterior portion of the pylorus, which extends both proximally onto the 
distal antrum and distally onto the first portion of the duodenum. The incision 
should be approximately 5–7 cm and is made with a monopolar electrocautery to 
prevent bleeding. Traction sutures are then placed on the cranial and caudal aspects 
at the midpoint of the incision. The sutures are then distracted in a cranial-caudal 
direction to align the incision transversely. This transverse closure provides a patu-
lous lumen for gastric emptying (Fig. 67.1a).

Various techniques have been described to close the pyloroplasty. To keep the 
outlet diameter sufficient, we recommend a single-layer closure in a continuous 
fashion with absorbable suture. This should be accomplished with deep seromus-
cular sutures. As compared to full-thickness sutures, this technique avoids evert-
ing the mucosa between sutures [3]. Alternately, a Gambee stitch can be utilized, 
which is both hemostatic and inverting. A single layer of interrupted full-thick-
ness or a double- layered closure may be preferred by some surgeons; whichever 
method is used, care must be taken not to narrow the reconstructed gastric 
outlet.

The gastroduodenostomy can also be closed using a surgical stapler. Apply Allis 
clamps to approximate mucosa to mucosa along the length of the incision. Apply 
and fire a linear stapling device just inferior to the row of Allis clamps.

An omentoplasty sutured loosely over the pyloroplasty can help protect against 
free intraperitoneal leakage from the suture line. The omentum can also help pre-
vent adhesion between the suture line and the undersurface of the liver. If there is 
any concern for a potential leak, a closed suction drain should be left in the vicinity 
of the closure.
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 Finney Pyloroplasty

This technique is well suited for a J-shaped stomach with a pylorus that is retracted 
and fixed. Prior to making the gastrointestinal incision, place a posterior row of 
sutures. This avoids excessive tension on the anterior suture line. In contrast to the 
anterior midline incision of the Heineke-Mikulicz pyloroplasty, the incision for the 
Finney pyloroplasty is made in close proximity to the greater curve of the stomach 
and the pancreatic side of the first portion of the duodenum (Fig. 67.1b). Thus, begin 
by placing a layer of Lembert sutures, which approximates the greater curve of the 
stomach to the proximal duodenum, close to the junction of the duodenum and pan-
creas (Fig.  67.2a). Create a suture line that is approximately 5–6  cm from the 
pylorus.

After completion of the posterior suture line, make an inverted U-shaped incision 
along a line 0.5 cm anterior to the suture line. This incision is made full thickness, 
exposing both the gastric and duodenal mucosa. The pyloroplasty is then closed 
beginning the suture line at the apex of the inferior portion of the divided pylorus. 
Continue the suture line in a full-thickness continuous locking fashion caudally 
until the inferior most aspect of the incision is reached (Fig.  67.2b, c). Pass the 
needle from inside to outside on the gastric side of the suture line, and continue the 
anterior closure as a continuous Connell (or Cushing) suture (Fig. 67.2d). Finally, 
close the anterior seromuscular layer with another row of Lembert sutures. Verify 
that the lumen can accommodate the surgeon’s two fingers.

 Jaboulay Pyloroplasty

As mentioned above this procedure is not a true pyloroplasty but rather a gastroduo-
denostomy as the incision does not extend through the pyloric muscle. The steps of 
the procedure are essentially the same as that described for the Finney, except that 
the incision is not extended onto the pylorus (Fig. 67.1d). Following placement of a 
posterior row of sutures, make one incision on the distal antrum and a second inci-
sion on the proximal duodenum. Close the resulting gastroduodenomtomy, begin-
ning with the posterior adjacent walls with a continuous seromuscular suture, which 
is continued onto the anterior wall of the gastroduodenotomy. Alternatively, a linear 
gastrointestinal stapler can be used to form the common channel, and the common 
enterotomy can be approximated with sutures or TA stapler.

 Moschel Pyloroplasty

This modification of the classic HM plyoroplasty uses a Y-shaped incision, with the 
arms of the Y extending onto the gastric antrum (Fig. 67.1c). The technique aims to 
maintain an adequate blood supply to the antral advancement flap. Similarly to the 
HM pyloroplasty, close the pyloroplasty transversely, as a single running layer, 
suturing the antral flap to the duodenum.

A. M. Stroud and J. A. Greenberg
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 Circular Stapled Pyloroplasty

This modification, developed by Potter et al., utilizes a circular stapler without a 
pyloric incision [4]. Make a transverse gastrotomy on the anterior surface of the 
stomach approximately 6 cm proximal to the pylorus. The gastrotomy must be large 
enough to accommodate the head of the circular stapler. Insert the stapler through 
the gastrotomy, and advance the stapler distally through the pylorus. Proper 

Fig. 67.2 Finney pyloroplasty. (a) A posterior row of sutures is placed to avoid excessive tension 
on the anterior suture line. The dotted line marks the planned inverted U-shaped pyloroplasty inci-
sion. (b) Full-thickness seromuscular sutures are used to approximate the gastric antrum to the 
duodenum. (c) The pyloroplasty is then closed beginning at the apex of the inferior portion of the 
divided pylorus, continuing the suture line until the inferior most aspect of the incision is reached. 
(d) The anterior closure is performed as a continuous Connell (or Cushing) suture
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positioning of the stapler is critical. Bring the head of the stapler into the gastric 
outlet, and wedge the anvil firmly against the proximal border of the pyloric sphinc-
ter. Open the stapler, advancing the anvil portion through the pyloric sphincter. As 
the anvil clears the distal border of the pyloric sphincter, a “popping” sensation is 
felt. Visualize the sphincter within the gap between the anvil and the staple car-
tridge. Place a transverse suture across the mid-sphincter. Next approximately two 
thirds of the pylorus is fed into the gap of the stapler, using the previously placed 
suture while applying equal pressure on both sides of the suture. Close and fire the 
stapler. After removal of the stapler, inspect the resulting “half-moon” piece of 
pyloric muscle in the circular stapler. Palpate for a patent gastric outlet. Close the 
gastrotomy with a linear stapler.

 Laparoscopic Techniques

 Modified Heineke-Mikulicz

Position the patient supine and place four or five ports in the standard arrangement 
for foregut surgery. Begin by mobilizing the pylorus from its cranial and caudal 
peritoneal attachments to facilitate maneuverability of the pylorus. When neces-
sary, perform a Kocher maneuver to allow for complete visualization and a ten-
sion-free closure. This is particularly important in patients with prior 
cholecystectomy. Make a full-thickness pyloromyotomy using an ultransonic shear 
(Fig. 67.3). As with the open procedure, the myotomy is approximately 5 cm in 
length, centered on the anterior surface at the midpoint of the pylorus. Close the 
pyloromyotomy in a transverse fashion, beginning at the center, and work toward 
the cranial and caudal apexes (Fig. 67.4). Close using a running continuous single 
layer of 2–0 monofilament absorbable suture. After completion of the suture line, 
perform a leak test, using endoscopic insufflation under saline irrigation. We per-
form a sutured omentoplasty. Some surgeons elect to leave a closed suction drain 
adjacent to the suture line [5, 6].

Fig. 67.3 Intraoperative 
photograph demonstrating 
laparoscopic pyloroplasty 
incision
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 Laparoscopic Transoral Flexible Endoscopic Stapled Pyloroplasty

Pass a flexible 21  mm circular powered stapler (Power Medical Interventions, 
Langhorn, PA) transorally into the stomach, and position the stapler across the 
pylorus with laparoscopic assistance. Pass a suture across the anterior midline of 
the pylorus, and hold this between two graspers. Open the anvil on the circular 
stapler, and use the suture to position the pylorus. Compress the pylorus into the 
stapler and close the stapler. Firing the stapler results in a partial pylorectomy 
involving the anterior wall of the pylorus, this increases the luminal diameter of the 
gastric outlet [5].

 Endoscopic Pyloromyotomy

The endoscopic approach utilizes a pyloromyotomy rather than a true plyoroplasty. 
The technique applies the same basic principles as the endoscopic submucosal dis-
section and myotomy used in the setting of peroral endoscopic myotomy (POEM) 
for treatment of achalasia. This technique has been primarily described in the set-
ting of gastroparesis but may provide a less invasive, incisionless alternative com-
pared to standard plyoroplasty [7].

This technique requires a high-definition forward-viewing gastroscope, outfitted 
with a transparent dissection cap and carbon dioxide insufflation. Begin by carefully 
inspecting the stomach and duodenum. Lavage any retained gastric contents. 
Advance a gastric overtube over the gastroscope well into the gastric body. Locate 
the pylorus and select a site for mucosotomy, approximately 5 cm proximal to the 
pylorus and on the anterior wall of the stomach. Perform a submucosal lift with 
5–10 cc of lift solution (500 cc of normal saline mixed with 0.5 cc of 1:1000 epi-
nephrine and 3–4 drops of methylene blue dye). Using a triangle-tip (TT) knife, 
make a 1–2 cm longitudinal mucosal incision. Enter the submucosal space with the 
dissecting cap, and begin to create a submucosal tunnel with the TT knife by 

Fig. 67.4 Intraoperative 
photograph demonstrating 
laparoscopic pyloroplasty 
closure with full-thickness 
running continuous suture
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dividing the loose submucosal areolar tissue. To facilitate tunneling, repeat submu-
cosal injections with the lift solution. During dissection, care is taken not to cause 
thermal injury to the overlying mucosa. The dissection is carried out in the sm3 
level, adjacent to the muscularis layer of the gastric wall. Continue the tunnel past 
the pylorus and onto the proximal duodenal bulb. Confirm the length of the submu-
cosal tunnel by observing the dissection length from the gastric lumen. Next the 
myotomy is performed, beginning 2 cm proximal to the pylorus. The myotomy is a 
full- thickness myotomy, through all muscle layers down to the serosa. The myot-
omy is continued until the visible pyloric muscle is completely divided. Take great 
care at the distal extent of the myotomy to avoid inadvertent perforation or thermal 
injury of the duodenal mucosa. Inspect the tunnel for hemostasis. At the completion 
of the dissection and myotomy, the mucosotomy is closed with endoscopic clips or 
an endoscopic suturing device.

 Postoperative Management

Following pyloroplasty the patient is admitted and kept nil per os overnight. Gastric 
drainage should be performed on an individual patient basis. A nasogastric tube 
can be used for temporary gastric drainage. However, in patients with long dura-
tion of symptoms and a relatively dilated stomach, gastric emptying may be signifi-
cantly impaired. In these cases, a gastrojejunostomy, with gastric port for 
decompression and jejunal port for feeding should be considered [8]. A gastrogra-
fin upper gastrointestinal series can be performed prior to oral intake to confirm 
that no gastrointestinal leak is present. Some surgeons leave a surgical drain at the 
time of pyloroplasty and measure drain amylase levels. A leak is defined as drain 
amylase >1000. If no leak is present, the patient is advanced to a puree diet until 
follow-up in 2–3 weeks.

 Postoperative Complications

Complications following pyloroplasty are rare. Given the gastrointestinal incision, 
suture line leak is possible but rare given the ample blood supply and the general 
lack of tension on the suture line. Incomplete division of the pyloric sphincter or 
inadvertent narrowing of the suture line may result in recurrent obstruction. 
Dumping syndrome can occur following interruption of the pyloric sphincter mech-
anism. Clinically significant dumping occurs rarely after pyloroplasty. Although the 
pathophysiologic mechanism is incompletely understood, the syndrome is believed 
to be the result of rapid transit of a high osmolar load into the proximal small bowel. 
Symptoms include gastrointestinal discomfort, nausea, vomiting, diarrhea, diapho-
resis, palpitations, and flushing, approximately 15–30  min after a meal. Rarely, 
patients may suffer from reflux alkaline gastritis due to reflux of duodenal fluid into 
the stomach [8].
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68Evaluation and Classification 
of Gastroparesis

Michael B. Goldberg and Eric G. Sheu

 Introduction

Gastroparesis, a chronic disorder of the stomach characterized by delayed empty-
ing without mechanical obstruction, is an underrecognized and often undertreated 
disease. Gastroparesis affects an estimated 9.6 per 100,000 men and 38 per 
100,000 women in the United States [1]. It is estimated that at least four million 
American adults suffer from the disorder [2]. Patients with gastroparesis typically 
present with nausea, vomiting, and early satiety and can also experience bloating, 
epigastric fullness, and abdominal pain. These symptoms vary in severity and 
duration and, in the most severe cases, can lead to malnutrition, dehydration, and 
weight loss.

Aside from these somatic symptoms, gastroparetics typically have diminished 
physical and social functioning and reduced well-being [2]. In a recent survey- based 
study from Lacy and colleagues including questionnaires from 250 gastroparetics, 
the disease led to a striking reduction in quality of life. Responses to a validated 
quality of life survey were analogous to those from patients with other serious 
chronic medical conditions and depression. Furthermore, gastroparesis was found 
to lower annual income in 28.5% of patients and placed 11% on disability from 
work [3].

In this chapter, we will discuss the evaluation, workup, and classification of 
gastroparesis.
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 Pathophysiology

The pathophysiology of gastroparesis is still not completely understood, but it 
includes derangements of normal gastric motor function caused by a number of 
etiologic factors which are discussed in the following section. Impairments may be 
seen in gastric accommodation to food via a nitric oxide pathway [4], antral hypo-
motility [5], elevated pyloric tone [6], duodenal dysmotility [7], or a lowered gastric 
sensory threshold to pressure distention [8]. These abnormalities are most likely 
caused by problems with the autonomic nervous system, smooth muscle cells of the 
stomach, enteric neurons, and the interstitial cells of Cajal that are responsible for 
gastric pacemaker activity [9]. Histologic examination of the stomach in gastropa-
retic patients commonly demonstrates increased concentration of lymphocytes in 
the myenteric plexus which may represent an inflammatory-mediated destruction of 
nerves. Similar histologic findings are seen in other enteric dysmotility disorders 
including achalasia and chronic intestinal pseudoobstruction [10].

 Etiology

There are several conditions associated with gastroparesis, listed in Table 68.1. In a 
recent multicenter study of 146 patients, the most common etiologies were idio-
pathic (36%), diabetes (29%), and postsurgical (13%) [11]. In approximately one-
half of gastroparetics, there is no identifiable cause [12]. Other causes include 
connective tissue disorders such as scleroderma and lupus, Raynaud’s disease, 
Parkinson’s disease, endocrinopathies such as hypothyroidism and critical illness, 
and medications including narcotics and anticholinergics.

Diabetes is the most commonly diagnosed comorbidity in patients with gastro-
paresis. Up to 50% of patients with long-standing type 1 diabetes and 30% of 
those with type 2 diabetes have delayed gastric emptying which is thought to be 
from damage to the vagus nerve and its branches from hyperglycemia [2]. Other 
theories exist as to the role of diabetes in gastroparesis, including abnormal post-
prandial gastric accommodation and contraction, dysfunctional antral motor func-
tion, and oxidative stress [13]. Gastric emptying can often be accelerated by 
hypoglycemia and delayed by hyperglycemia in diabetics. Typically, 

Table 68.1 Major etiologies 
of gastroparesis

Diabetes
Postsurgical
Idiopathic
Connective tissue disorders
Neurologic illness
Endocrine disorders
Critical illness
Medications
Post-viral
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gastrointestinal complaints occur in patients who have had diabetes for greater 
than 5 years and are often seen in conjunction with diabetic neuropathy and other 
diabetes-related microvascular pathology [14].

Postsurgical gastroparesis is usually present after foregut surgery, most likely 
caused by division or traction injury to the vagus nerve [9]. Although vagotomy for 
peptic ulcer disease is less commonly being performed, postsurgical gastroparesis 
can be associated with fundoplication, bariatric surgery, subtotal gastrectomy, pan-
creatic surgery, and even thoracic and cardiac operations such as pneumonectomy 
and heart transplant [15].

Patients without any known etiology of their delayed gastric emptying are diag-
nosed with idiopathic gastroparesis. This form of the disease is often suggested to 
be the most common. While there are many postulated etiologies for the disease, 
idiopathic gastroparesis is a diagnosis of exclusion. Therefore, a thorough evalua-
tion to exclude all other known, potential causes of gastroparesis must be completed 
before arriving at a diagnosis of idiopathic gastroparesis. Several rare causes of 
gastroparesis are discussed below.

Gastroparesis is sometimes preceded by an infectious prodrome such as gastro-
enteritis or an upper respiratory infection which may cause viral injury to the nerves 
of the stomach [16]. Several case reports document delayed gastric emptying in 
association with Norwalk virus and Rotavirus. While post-viral gastroparesis is 
typically self-limited, patients with cytomegalovirus, Epstein-Barr virus, and vari-
cella may have more chronic symptoms from autonomic denervation. Autoimmune 
gastroparesis has been described either independently or in conjunction with a neo-
plasm, typically small cell lung cancer. These patients may have slow intestinal 
transit and pelvic floor dysfunction in addition to delayed gastric emptying.

Gastroparesis can be associated with systemic illness. This includes neurologic 
dysfunction (Parkinson’s disease, stress, stroke, multiple sclerosis), rheumatologic/
inflammatory conditions (scleroderma, lupus, Raynaud’s disease, amyloidosis), and 
hypothyroidism. Delayed gastric emptying is a common side effect of several medi-
cations listed in Table 68.2, most commonly narcotic analgesics. Finally, much less 
common causes of gastroparesis include Stiffman syndrome, Charcot-Marie-Tooth 
syndrome, Waardenburg syndrome, paraneoplastic syndromes, and systemic 
mastocytosis.

Table 68.2 Medications 
associated with delayed 
gastric emptying

Alpha-2-adrenergic agonists
Amylin analogues
Calcium channel blockers
Cholinergic receptor antagonists
Cyclosporine
Dopamine agonists
Glucagon-like peptide agonists
Octreotide
Phenothiazines
Tricyclic antidepressants
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 Differential Diagnosis

A broad differential is important when evaluating a patient with nausea, vomiting, 
early satiety, and abdominal pain. It is particularly important to distinguish delayed 
gastric emptying from a mechanical gastric outlet obstruction. Obstruction can be 
caused by an intra- or extraluminal neoplasm or less commonly by median arcuate 
ligament or SMA syndrome. Small bowel obstruction can present with similar 
symptoms as well.

Psychiatric disease such as depression, anxiety, eating disorders, and psycho-
genic vomiting may be the sole cause of a patient’s presentation or may be pres-
ent in conjunction with gastroparesis. Rumination syndrome consists of daily 
effortless regurgitation of undigested food within minutes of eating a meal and 
can often be seen in adolescents and adults. Cyclic vomiting syndrome is charac-
terized by recurrent episodes of nausea and vomiting separated by symptom-free 
intervals. Finally, functional dyspepsia has similar presenting symptoms to gas-
troparesis: however the majority of these patients have normal gastric 
emptying.

 Clinical Presentation

The dominant presenting symptoms of gastroparesis are heterogeneous. Most 
commonly, nausea and vomiting are reported in rates that range from 40 to over 
90% [17, 18]. Patients with idiopathic and diabetic gastroparesis frequently report 
the feeling of fullness or early satiety, which causes inability to finish a normal 
meal and can lead to weight loss. Bloating is also experienced by up to 60% of 
patients [11].

Abdominal pain is reported in many functional gastrointestinal disorders and is 
the presenting symptom in only ~ 20% of patients with gastroparesis. The pain is 
usually in the epigastric region, and it is described as vague, burning, and/or crampy. 
Pain may be exacerbated by meals and can interfere with sleep [19]. Pain in gastro-
paresis is believed to arise from visceral hypersensitivity or exaggerated pain 
response to visceral stimulation such as gastric distension [18]. Patients presenting 
with abdominal pain as their predominant symptom should trigger the provider to 
consider alternative diagnosis.

 Workup/Diagnosis

As described earlier, it is prudent to rule out all causes of nausea, vomiting, bloat-
ing, and abdominal pain in the workup of a patient with suspected gastroparesis. A 
careful history must include personal history of comorbid illness and a detailed list 
of medications. A full physical exam may uncover manifestations of systemic dis-
eases associated with gastroparesis, including scleroderma, Parkinson’s disease, 
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and diabetes. Neurologic examination may uncover signs of autonomic dysfunc-
tion, including orthostatic hypotension and the absence of the pupillary reaction to 
light.

To aid in the diagnosis of gastroparesis, mechanical causes of nausea and vomit-
ing must be excluded. Mechanical gastric outlet obstruction from an intrinsic mass 
or inflammatory process, as well as distal or extrinsic causes of obstruction (SMA 
syndrome, non-GI tumors), can be ruled out with a computed tomographic (CT) 
scan with oral contrast. Upper endoscopy should also be performed to evaluate the 
mucosa to rule out neoplasm, peptic ulcer disease, and other causes of obstruction. 
Once mechanical obstruction is ruled out by imaging and upper endoscopy, gastric 
emptying should be evaluated.

Baseline laboratory values should be obtained in patients undergoing workup for 
gastroparesis, including a complete blood count, electrolytes, and nutritional param-
eters. It is always important to consider the nutritional status of any patient with 
nausea and vomiting, especially these patients who may require nutritional support. 
Laboratory testing may help identify the cause of gastroparesis in patients who are 
found to have delayed gastric emptying without a known cause. Fasting plasma 
glucose and HbA1c can assess glycemic control, and thyroid studies and antinuclear 
antibody titers can help identify metabolic or rheumatologic causes of delayed gas-
tric emptying.

Gastric emptying scintigraphy (Fig. 68.1) is a noninvasive and quantitative mea-
surement of gastric emptying and is considered the gold standard for diagnosis of 
gastroparesis. While this test varies by institution, it typically involves ingestion of 
solid food bound to a radiolabeled isotope (technetium Tc 99 m-labeled low-fat egg 
white with jam and toast) with imaging at 0, 1, 2, and 4 h. Delayed gastric emptying 
is defined as greater than 60% retention of tracer in the stomach at 2 h after the meal 

Immediate 1 hr

Stomach

3 hr2 hr 4 hr

Normal

Delayed

Fig. 68.1 Gastric emptying scintigraphy of patients with both normal and delayed emptying after 
ingestion a radiolabeled meal. In the “Normal” images, food has entered the small bowel by 1 h and 
the stomach is almost completely empty by 2 h. In the “Delayed” images, a significant amount of 
the meal remains in the stomach at 4 h
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and/or greater than 10% retention at 4 h. Further, delayed gastric emptying is clas-
sified based on the extent of retention at 4 h: mild delay 10–15% retention, moderate 
15–35%, and severe greater than 35%. Normal values for retained food in the stom-
ach are 37–90% at 1 h, 30–60% at 2 h, and 0–10% at 4 h [20]. All of this data is used 
to calculate a T1/2, or gastric emptying half-life time. While gastric emptying scin-
tigraphy can be used to diagnose gastroparesis, results should not be used to grade 
the severity of clinical symptoms as they typically do not correlate to scintigraphy 
results [21].

An alternative to gastric emptying scintigraphy uses a wireless motility cap-
sule that quantifies gastric pH and pressure [22]. This study is useful as it mea-
sures motility of the small bowel and colon as well as the stomach. As the capsule 
passes from the stomach to the duodenum, it detects an increase in luminal 
pH. Emptying of the capsule should relate to the end of emptying for a solid meal 
[23], and generally 5 h is considered the cutoff time between normal and delayed 
emptying with both a sensitivity and specificity of 83% [24]. Another alternative 
to gastric scintigraphy is CO2 breath testing. Patients ingest a meal with [13]CO2-
labeled octanoate (a medium-chain triglyceride) which is subsequently absorbed 
by the small intestine, metabolized in the liver, and [13]C is excreted from the 
lungs during respiration. Measuring the concentration of [13]C in breath samples 
indirectly estimates gastric emptying [25]. This test is rarely used in clinical 
practice.

While measuring gastric emptying is necessary for the diagnosis of gastropa-
resis, it has some limitations. Gastric emptying rates can vary greatly in an indi-
vidual and are also highly variable among patients. It is unclear whether this test 
truly captures what is occurring chronically in gastroparetics as it only signifies 
delayed emptying of solids at one point in time. Visceral hypersensitivity and 
impaired gastric accommodation may be even more important than delayed emp-
tying in the symptomatology of gastroparesis [26] which is likely why the results 
of gastric emptying scintigraphy do not predict symptom severity or quality of 
life (Fig. 68.2)

 Summary

In summary, gastroparesis is a chronic and often debilitating condition character-
ized by a delay in gastric emptying without mechanical obstruction. The disease 
often presents with nausea, vomiting, bloating, and/or abdominal pain. Many 
etiologies exist, the most common being diabetes, postsurgical, and idiopathic, 
although rarer neurologic, post-infectious, and autoimmune causes exist. After 
ruling out mechanical obstruction with cross-sectional imaging and endoscopy, 
the diagnosis of gastroparesis is made with gastric emptying scintigraphy. 
However, gastric emptying study results do not predict symptom severity, which 
can often be severely life-limiting and carry significant social and economic 
implications.
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69Medical Management of Gastroparesis: 
Diet and Medications

Deepti Jacob and Michael Camilleri

 Introduction

In this chapter, we review the role of diet and medications in the medical  management 
of gastroparesis. The rationale for the recommendations requires a brief discussion of 
the definition, epidemiology, physiology of gastric emptying, as well as the etiology and 
pathogenesis of gastric emptying disorders, which may impact the choice of therapies.

 Definition

Gastroparesis is defined as a syndrome characterized by delayed gastric emptying 
with associated symptoms in the absence of mechanical obstruction [1]. The cardinal 
symptoms are nausea, postprandial fullness, bloating, upper abdominal pain, early 
satiety and, with more severe disease, vomiting. Weight loss, malnutrition, dehydra-
tion, electrolyte imbalance, bezoar formation, and aspiration pneumonia may be 
apparent in severe cases [2, 3]. These symptoms may also be seen with other etiolo-
gies such as peptic ulcer disease, functional dyspepsia, and gastritis secondary to 
Helicobacter pylori [1]; hence, accurate documentation of delayed gastric emptying 
is essential before initiating treatment [1, 4, 5]. Symptoms generally do not predict 
the degree of delay in gastric emptying; therefore, the prevalence of gastroparesis 
cannot be estimated solely based on symptoms [6, 7]. For example, Maleki et al. 
documented symptoms such as nausea and vomiting occurred in ~15% of patients 
with type 1 or 2 diabetes in an epidemiological study in southeastern Minnesota [8]. 
In contrast, based on studies in the same community (Olmsted County, MN), the 
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population-based incidence of definite gastroparesis ranged from 6.3 to 17.2 cases 
per 100,000 person-years when adjusted for age and sex [6], and the prevalence of 
gastroparesis was estimated to be 5% among patients with type 1 diabetes, 1% among 
patients with type 2 diabetes, and 0.2% in the nondiabetic  controls [9].

 Physiology of Normal Gastric Emptying

Normal gastric emptying is a complex process that is dependent on the coordinated 
interaction between the smooth muscles of the gastric fundus, antrum, pylorus, and 
duodenum, the enteric (intrinsic) and central (extrinsic) nervous systems, and spe-
cialized pacemaker cells called the interstitial cells of Cajal (ICC) [10, 11]. Gastric 
accommodation effectively increases the gastric volume without raising the intra-
gastric pressure [10, 12], which in turn allows for the food to be transferred to the 
gastric antrum. In the antrum, food is broken down to 1–2 mm particles in order to 
pass through the pylorus [10, 13].

Gastric emptying of food (solids and liquids) is also dependent on the physical 
consistency [14, 15], the fat content, and the total caloric load of a meal [14] 
(Fig. 69.1). Liquids of low caloric density empty exponentially from the stomach 
under the pressure gradient between fundic tone and pylorus and with minimal 
motor action by the distal stomach [14]. Higher caloric liquids or homogenized 
solids empty in a linear fashion under the pressure gradient from the fundus and 
with the coordinated antropyloroduodenal motility [14]. For digestible food of more 
solid consistency, gastric emptying occurs in two periods: the lag period and the 
post-lag period [13, 14, 16]. During the lag period, food is initially retained in the 
proximal stomach and transferred to the antrum where trituration occurs, reducing 
solid food particle size to <2  mm. Following this trituration, solid food empties 
linearly from the stomach during the post-lag period, similar to a homogenized solid 
meal. Nondigestible solids require the interdigestive migrating motor complex 
[MMC] [14, 15] in order to be emptied from the stomach. However, since there is a 
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wide range of the number of MMCs throughout the day and because about one third 
of the MMCs are not associated with an antral component even in healthy humans 
[14], it is possible for nondigested solids to remain in the healthy stomach for 
 several hours [14]. Thus, residual nondigestible food at endoscopy after overnight 
fasting does not imply gastric motor dysfunction [14].

 Etiology

There are many causes of gastroparesis; however, the most common forms are idio-
pathic (36%), diabetic (29%), and postsurgical (13%) [1] in a tertiary care center. 
Other etiologies include post-viral, iatrogenic (post-vagotomy or vagal injury), col-
lagen vascular disorders, Parkinson’s disease, and medications (GLP-1 agonists, 
amylin analogs, cyclosporine, opioids) [1, 17]. A particular form of gastroparesis 
manifests as feeding intolerance in patients admitted to the ICU who are critically 
ill and receiving enteral nutrition; this form of gastroparesis is usually multifacto-
rial. Contributing factors include medications and the underlying diverse diseases 
that may result in inhibition of gastric emptying. Regardless of etiology, a female 
predominance of gastroparesis has been noted in multiple studies [6, 18, 9, 19].

 Pathogenesis of Gastroparesis

Pathogenesis of gastroparesis includes extrinsic autonomic neuropathy affecting the 
vagus nerve, intrinsic or enteric neuropathy, pathology of the interstitial cells of 
Cajal, and myopathy.

 Extrinsic

The central nervous system controls digestion through the autonomic nervous sys-
tem; parasympathetic control is mediated through the vagus, and sympathetic con-
trol is mediated through the spinal cord at T5 to T10 via the celiac ganglia [10, 11, 
20]. The myenteric ganglia innervating the pyloric sphincter are supplied by 
splanchnic efferents in the celiac ganglia [21, 22]. The vagus nerve affects gastric 
motility indirectly via the enteric nervous system, through vagal efferents that arise 
from the dorsal motor nucleus and terminate in the myenteric plexus [10]. Vagus 
nerve dysfunction decreases antral contractile frequency and pyloric relaxation and, 
thus, prevents the passage of food. These dysfunctions have been demonstrated post 
subdiaphragmatic vagotomy, as demonstrated in rats [23, 24] and in humans [25]. 
Additionally, in response to sham feeding (which stimulates brainstem vagal nuclei), 
gastric acid output is decreased by two thirds in long-standing, insulin-dependent 
diabetics, again suggestive of vagal neuropathy [26].

Variable degrees of myelin degeneration have been documented in the vagus 
nerves of patients with diabetes affected by gastroparesis [27–29].
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 Intrinsic Dysfunctions

The enteric nervous system (ENS) integrates the signals from the central ner-
vous system to the effector systems: motor, vascular, and secretory. The ENS is 
organized in ganglia in the myenteric, deep mucosal and submucosal plexi. In 
patients with gastroparesis, there is a decrease in the number of enteric nerve 
fibers [30] and in the interstitial cells of Cajal (ICCs) [31]. Interstitial cells of 
Cajal serve as a non- neuronal pacemaker system that aids in gastric propulsion, 
in sensation, and in generating an electrical rhythm for the contractile activity 
[32, 33]. Reduced numbers of nerves and ICCs were observed particularly in 
diabetic gastroparesis; however, these losses did not correlate with symptom 
severity [30]. Neuronal deficiencies affect both the excitatory and inhibitory 
innervation.

Nitric oxide induces smooth muscle relaxation and consequently, with gastric 
accommodation, relaxation of the pylorus and gastric emptying [24, 34]. It is syn-
thesized by neuronal nitric oxide synthase (nNOS) which is expressed in the enteric 
nerves [19, 24]. Loss of nNOS has been found to be associated with the pathogen-
esis of gastroparesis in multiple studies [28, 35, 36] and more often in patients with 
idiopathic gastroparesis than in diabetic gastroparesis [30]. Loss of nNOS is also 
related to a loss of ICCs in the stomach [24]; however sildenafil, which induces the 
same intracellular increase in cGMP as does NO, did not improve gastric emptying 
in humans [37].

Recent evidence suggests that there is a reduction in M2 macrophages and an 
increase in proinflammatory M1 macrophages, resulting in depletion of ICCs as a 
result of immune injury and oxidative stress [38, 39].

 Management of Gastroparesis (Fig. 69.2)

 General Measures

All medications that decrease GI motility should be discontinued, if possible. These 
include narcotics (including tramadol and tapentadol), tricyclic antidepressants, 
dopamine agonists, calcium channel blocking medications, α2-adrenergic agonists, 
lithium, progesterone-containing medications, and muscarinic cholinergic receptor 
antagonists. In patients with diabetes and gastroparesis, incretin-based medications 
(e.g., the amylin analog, pramlintide) and GLP-1 analogs (e.g., exenatide, liraglu-
tide) may decrease gastric emptying [40–42], and the risk/benefit ratio should be 
discussed with the patient’s diabetologist.

While diabetes is a common cause of gastroparesis, there is conflicting evidence 
whether long-term glycemic control improves gastric emptying rates and symptoms 
of gastroparesis [43, 44]. However, acute hyperglycemia can certainly slow gastric 
emptying in both patients with diabetes and healthy controls [45, 46].
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 Dietary Interventions

Little research has been done in this area, to date. Gastroparesis is known to cause 
poor oral intake, resulting in deficiencies in calories, vitamins, and minerals [47, 
48]. The general principles of dietary management are based on measures that opti-
mize gastric emptying while meeting the patient’s nutritional requirements. The 
approximate caloric requirement of a patient can be estimated by multiplying 
25 kcal by their current body weight in kilograms [49], though more formal calcula-
tions based on Harris-Benedict equations may be required in patients with signifi-
cant gastroparesis.

 Oral Nutrition
Both fat and fiber delay gastric emptying, and the stomach only empties at a rate of 
1–2 kcal/minute [1]. Hence, patients with gastroparesis should consume small, fre-
quent meals that are low in fat and fiber [1, 48]. Blenderized solids or nutrient liq-
uids (which aid in meeting the nutrient and caloric goals without aggravating 
symptoms) can be used, since gastric emptying of nutrient liquids is often preserved 
in gastroparesis [1]. In a recent study involving patients with diabetic gastroparesis, 
patients on a small-particle diet (compared to those on a standard diet) had decreased 
symptoms of nausea, vomiting, postprandial fullness, bloating [50], regurgitation, 
heartburn, and anxiety levels, but abdominal pain was not affected [50]. A liquid 
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Fig. 69.2 Summary of strategies in the management of gastroparesis. (Adapted from Camilleri [113])
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multivitamin should also be prescribed [51]. Poor tolerance of liquids is predictive 
of poor outcome with oral nutrition [48]. In those circumstances, enteral nutrition 
can be considered.

Patients should also be counseled to minimize carbonated beverages and to avoid 
smoking and alcohol, as the former can aggravate gastric distension and the latter 
can delay gastric emptying [52–55].

 Enteral Nutrition
In patients with gastroparesis unable to tolerate oral intake, jejunal feeding can be 
considered, as long as the small bowel function is normal. This approach improves 
symptoms and reduces hospitalizations while maintaining nutrition [56, 57]. 
Regulated enteral nutrition may also improve glycemic control in diabetic patients 
[1]. Prior to the placement of a jejunal tube, successful nasojejunal feeding should 
be demonstrated, as occasionally patients with gastroparesis can also have small 
bowel dysfunction which renders them unable to tolerate jejunal feeds. Complications 
of enteral feeding include infection, tube migration, tube dislodgement, and pulmo-
nary aspiration [58]. In general, enteral feeding should be delivered directly to the 
proximal jejunum through a feeding tube placed directly into the small bowel with 
the aid of endoscopy, radiology, or laparoscopy. Enteral feeding is preferred over 
parenteral nutrition due to decreased potential for complications, lesser cost, and 
more ease of delivery [1]. Patients may also require venting gastrostomy for relief 
of gastroparesis symptoms. Usually, such a vent is placed through a separate percu-
taneous endoscopic gastrostomy (PEG). Our experience is that PEG with jejunal 
tube extensions are associated with displacement of the latter into the stomach, and, 
therefore, we recommend separate gastrostomy and jejunostomy tubes, if both vent-
ing and feeding are required. In addition, it is unlikely that, in patients with gastro-
paresis, the delivery of nutrient liquid via gastrostomy will restore hydration and 
nutrition will be more successful compared to the ingestion of the same fluids orally, 
as long as there are no difficulties with swallowing.

 Parenteral Nutrition
This should be coordinated by experts in home parenteral nutrition with attention 
given to hydration, electrolytes, mineral, and vitamin deficiencies, as well as calorie 
and nitrogen supplementation. Further discussion is beyond the scope of this 
chapter.

 Medications

This section considers current medications, most of which are used off-label (apart 
from metoclopramide) and promising experimental medications.

 Prokinetics
Prokinetic medications promote the antegrade movement of luminal GI contents 
through increased contractility of the GI tract [2]. In a recent systematic review and 
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meta-analysis on the efficacy and safety of prokinetics in critically ill patients 
receiving enteral nutrition, moderate-quality evidence indicated that prokinetic 
agents were associated with decreased feeding intolerances, the risk of developing 
high gastric residual volumes, and increased the success of post-pyloric feeding 
tube placement [59]. In a prior systematic analysis that reviewed the role of proki-
netics in patients with gastroparesis, erythromycin was the most efficacious in stim-
ulating gastric emptying, while both erythromycin and domperidone were noted to 
improve overall symptoms of gastroparesis [60]. However, this analysis did not con-
sider the tachyphylaxis associated with longer-term use of motilin agonists, such as 
the macrolide antibiotics including erythromycin, which result in failed therapy of 
dropouts beyond 4 weeks of treatment [61].

Prokinetic agents can be grouped into four broad classes: dopamine receptor 
antagonists, motilin receptor agonists, 5HT4 receptor agonists, and the (experimen-
tal) ghrelin receptor agonists.

Dopamine Receptor Antagonists
Dopamine which is present in significant amounts in the GI tract has several inhibi-
tory effects on gastrointestinal motility. This is thought to be secondary to the sup-
pression of neuronal acetylcholine release by D2 receptor agonists [62].

Metoclopramide is the only FDA-approved medication for the treatment of gas-
troparesis; it targets both D1 and D2 dopamine receptors [1, 62] with a peripheral 
gastrointestinal prokinetic effect (predominantly in the stomach) and central action 
in the chemoreceptor trigger zone on the floor of the fourth ventricle to antagonize 
dopamine receptors, inducing antiemetic effect [62]. It is recommended that meto-
clopramide be started at the lowest possible dose (5 mg, 15 min before meals and at 
bedtime) and then titrated to the lowest efficacious dose up to a maximum of 40 mg/
day. When possible, dose reductions (such as 5 mg before two main meals of the 
day) or drug holidays should be considered, in order to minimize potential side 
effects [63, 64].

Metoclopramide is available as a tablet, orally disintegrating sublingual for-
mulation, nasal spray, liquid, and injectable form [65, 66]. Wherever possible, 
liquid, sublingual, or nasal formulations of the medication should be used in 
patients with gastroparesis to enhance drug pharmacokinetics. Metoclopramide 
as a nasal spray decreased symptoms of gastroparesis in women (not in men) 
with diabetic gastroparesis [66]. The side effects of metoclopramide include 
akathisia, restlessness, insomnia, and agitation that usually occur 1–2 weeks into 
therapy [65]. Most of these acute side effects are treatable with diphenhydramine 
and resolve with cessation of the drug [65]. Major side effects include irrevers-
ible tardive dyskinesia (FDA black box warning) and corrected QT prolongation 
[14]. The risk of irreversible tardive dyskinesia from prolonged (>3 months) use 
of metoclopramide was estimated to be 1–10% from data acquired in a referral 
clinic for involuntary movements [63]. However, more relevant studies of popu-
lation- and prescription-based data suggest a much lower risk of tardive dyskine-
sia, that is, <1% [59]. This risk appears to be increased in patients with advanced 
age, female gender, diabetes, cirrhosis, alcoholism, schizophrenia, known 
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organic CNS pathology, and concomitant use of neuroleptics that affect the 
 dopaminergic pathways.

Another less appreciated side effect of metoclopramide is depression that can 
either be induced or worsened [65]. Potential side effects should be discussed in 
detail with patients and clearly documented in the medical record before prescrib-
ing. There is a black box warning from the FDA to prescribers advising against 
prescription of metoclopramide for longer than 3 months. Therefore, unless patients 
have therapeutic benefits that outweigh the potential risks, it is recommended that 
this medication should not be used for more than 12 weeks [1].

Domperidone, another D2 receptor antagonist, is as efficacious as metoclo-
pramide in the treatment of gastroparesis and has less central side effects [2]. The 
recommended dose is 10 mg tid before meals. It is not approved for general pre-
scription in the United States, given its propensity to cause prolongation of cor-
rected QT, cardiac arrhythmias, and sudden cardiac death [67, 68]. It can only be 
prescribed in the United States through the FDA’s expanded access to investiga-
tional drugs [14]. A baseline electrocardiogram (ECG) should be obtained prior to 
treatment, and the drug should be withheld if the corrected QTc is greater than 
470 ms in male and 450 ms in female patients [1]. Follow-up ECGs are also recom-
mended to check for QTc prolongation once patients are started on domperidone.

In a recent systematic review, increased risk for cardiac events was noted in 
patients older than 60 years of age or in those receiving doses more than 30 mg/day 
[68]. The European Medicines Agency also recommends that this medication not be 
used for more than 1 week at a time. In a recent prospective study in patients with 
symptoms of refractory gastroparesis, there was symptomatic improvement of post-
prandial fullness, nausea, vomiting, and stomach fullness in 68% of patients, with at 
least moderate improvement of symptoms in 45% of patients [69]. Response tended 
to be better in those with normal or mildly decreased gastric emptying (<30% reten-
tion at 4 h); 12% of patients had to discontinue treatment due to side effects, and the 
most common side effects included headache, tachycardia, palpitations, and diar-
rhea. Other reported side effects were increased prolactin levels, potential for breast 
discharge, and altered menstrual cycles [69].

Drug interactions can occur when dopamine receptor antagonists are prescribed 
with certain antiemetics and antidepressants which may also be prescribed for the 
treatment of gastroparesis. These interactions are typically due to influence on the 
functions of CYP450-2D6 or CYP450-3A4, and, hence, caution must be exercised 
while prescribing these medications [1].

Motilin Receptor Agonists
Motilin is a gastrointestinal hormone synthesized and secreted by specific endocrine 
cells, mostly in the upper small intestine and smaller amounts in the gastric antrum 
[70, 71]. This is released in the fasting state during migrating motor complexes that 
begin in the upper gut [71]. This release of motilin, coinciding with phase III of the 
migrating motor complex, is thought to aid with clearing the stomach and intestine 
from undigested material, preventing bacterial overgrowth in the upper gut and pos-
sibly initiating the sensation of hunger [70].
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Macrolide antibiotics (e.g., erythromycin, clarithromycin, azithromycin [14]) 
are motilin receptor agonists that are often used off-label in patients with gastro-
paresis. The efficacy of motilin receptor agonists to increase gastric emptying is 
dependent on their ability to stimulate cholinergic receptors on smooth muscle 
[70] in addition to stimulation of cholinergic mechanisms [72] . Erythromycin 
and azithromycin stimulate gastric emptying and antral pressure activity [73]. 
Erythromycin, however, has the potential to interact with other medications 
metabolized by cytochrome P450 CYP 3A4 [14], thereby increasing plasma 
erythromycin concentrations which, in turn, can result in cardiac (ventricular) 
arrhythmias and sudden death [73, 74]. Compared to erythromycin, azithromycin 
has less drug-to- drug interactions [75] and might be a more feasible option. 
Regardless, they are both associated with tachyphylaxis caused by downregula-
tion of the motilin receptor that occurs approximately 2 weeks after initiation of 
therapy [76]. A lower dose of erythromycin at 125 mg twice daily might delay 
the onset of downregulation of the motilin receptors [65]. There is also a theoreti-
cal risk of antibiotic resistance and antibiotic-associated diarrhea with use of 
these antibiotics; however, in the context of gastroparesis, these antibiotics are 
typically prescribed at lower doses, usually below the levels associated with anti-
microbial activity [65].

An experimental non-macrolide motilin agonist, RQ-00201894, selectively acti-
vates the motilin receptor and causes long-lasting cholinergic activity in the human 
stomach, which, in turn, is thought to aid in gastric emptying [71]. More studies are 
needed to evaluate this as a potential treatment for gastroparesis.

5HT4 Receptor Agonists
5HT4 receptor agonists facilitate the release of acetylcholine from the myenteric 
plexus by activating the 5HT4 receptors, thereby resulting in smooth muscle con-
tractions and accelerated gastric emptying. In the past, cisapride was widely used to 
treat gastroparesis. However, due to its risk of cardiotoxicity associated with effects 
on the hERG channel rather than effects on cardiac 5HT4 receptors, it is no longer 
being used.

In a recent study by Florencia Carbone et al. [77], prucalopride, a highly selec-
tive, high- affinity 5HT4 receptor agonist with no effects on hERG channel, was 
found to significantly decrease gastric half-emptying time and improve symptoms 
and quality of life in patients with idiopathic gastroparesis. Prucalopride, though not 
available in the United States, is already approved for the treatment of chronic idio-
pathic constipation in most countries.

Two experimental 5HT4 receptor agonists are velusetrag and YKP10811. 
Velusetrag is undergoing clinical trials in patients with gastroparesis. It is relatively 
well tolerated [78] and has been shown to accelerate gastric emptying after 4–9 days 
of treatment in healthy controls [79].

YKP10811, a new selective 5HT4 receptor agonist and benzamide derivative, 
accelerated gastric emptying in patients with functional constipation at doses of 
10 and 20  mg [80]. Further research is needed to document its efficacy in 
gastroparesis.
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Ghrelin Receptor Agonist
Ghrelin, a 28-amino acid motilin-related peptide produced in the stomach, plays an 
important role in the control of food intake and energy balance [81]. Studies have 
shown that administration of synthetic ghrelin increased gastric emptying and 
improved meal-related symptoms in patients with idiopathic gastroparesis [81].

In recent studies, relamorelin, a pentapeptide ghrelin receptor agonist, has shown 
promise in patients with type 1 or type 2 diabetes. Relamorelin accelerated gastric 
half-emptying time of solids in type 1 and type 2 diabetic patients with prior docu-
mentation of delayed gastric emptying [14, 82, 83] and increased frequency of distal 
antral motor contractions without inhibiting gastric accommodation or inducing 
satiation [84]. In a large phase 2A randomized, controlled trial in patients with dia-
betic gastroparesis, relamorelin significantly accelerated gastric emptying, decreased 
vomiting (by~ 60%), and decreased other symptoms such as nausea, abdominal 
pain, bloating, and early satiety [85].

 Antiemetics
Very often the treatment for gastroparesis is focused on symptom management. The 
most commonly prescribed agents include phenothiazines (e.g., prochlorperazine) 
or antihistamine agents (promethazine). However, co-administration of antiemetics 
and prokinetics can result in drug interactions, especially if the drugs are metabo-
lized via the CYP450 pathway. This could result in high blood levels and drug toxic-
ity and can potentially cause ventricular arrhythmias and sudden death [1, 14]. 
Other medications that have been used to help with symptoms of nausea and vomit-
ing (but with limited research) include 5HT3 receptor antagonists, such as ondanse-
tron or granisetron, transdermal scopolamine, and dronabinol (a synthetic 
cannabinoid) [1]. It is important to note that scopolamine and cannabinoid agents 
may inhibit gastrointestinal contractility.

Recent preliminary reports suggest efficacy of the neurokinin 1 (NK1) receptor 
antagonist, aprepitant. When released from enteric afferents or extrinsic primary 
afferent neurons, tachykinins have the potential to influence both nerve and mus-
cles by interacting with different types of tachykinin receptors, including NK1 
receptors. Tachykinins have an excitatory effect on gastrointestinal motor activity 
but can also inhibit motor activity by stimulating either inhibitory neuronal path-
ways or by interrupting excitatory relays. Aprepitant acts by counteracting the 
activity of substance P, the preferred ligand at NK1 receptors [86]. It has been 
widely used in the setting of chemotherapy-induced nausea and vomiting in com-
bination with other agents [87]. In a recent randomized, controlled trial of 4-week 
duration involving 126 patients with gastroparesis and related disorders associated 
with symptoms of chronic nausea and vomiting, aprepitant resulted in overall 
symptom relief compared to placebo [88]. No significant adverse effects were 
reported. There have also been two case reports [89, 90] in the literature in which 
aprepitant was used successfully to treat symptoms of nausea and vomiting in 
patients with gastroparesis. More research is required to tease out the nuances, 
mechanism of action, and longer-term efficacy of this medication in patients with 
documented delayed gastric emptying.
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 Neurosensory Modulation and Pain Management
The management of pain is an important aspect of caring for patients with gastropa-
resis. In clinical practice, low-dose tricyclic antidepressants (TCAs) and selective 
serotonin reuptake inhibitors (SSRIs) have been used with anecdotal success. TCAs 
have shown some benefit in patients with functional nausea and vomiting [91] and 
also in diabetic patients with chronic nausea and vomiting [92]. Given that nortrip-
tyline has less anticholinergic effects compared to amitriptyline, it was tested in a 
large randomized, controlled trial and resulted in no benefit over placebo on com-
posite or individual scores in relief of symptoms [93].

There have been multiple case reports [94–98] showing that the antidepressant, 
mirtazapine, helps to ameliorate symptoms in both diabetic and nondiabetic gastro-
paresis. Mirtazapine acts by blocking both 5HT2 and 5HT3 receptors as well as by 
antagonizing the adrenergic alpha2-autoreceptors and alpha2-heteroreceptors [99]. 
In canine studies, mirtazapine has been shown to improve gastric emptying and 
colonic transit and to normalize delay in gastric emptying induced by rectal disten-
sion [100]. Further clinical studies are warranted to study the effect of mirtazapine 
on gastric emptying in humans.

Opioids should be avoided for treatment of pain in gastroparesis, given their 
potential to decrease gastric motility. Tapentadol, a μ-opioid receptor agonist and a 
norepinephrine reuptake inhibitor, was shown to retard gastric emptying [101].

Although tramadol was reported not to retard gastric emptying of solids or liq-
uids in a crossover study of 12 healthy participants, the study showed 40% slower 
orocecal transit and significant delay in colonic transit [102] and tramadol-induced 
dose-related inhibition of gastrointestinal transit in mice [103].

The GABA-ergic agents, gabapentin and pregabalin, are possible alternatives 
for pain relief [1], but they need to be formally studied in gastroparesis.

 Intra-Pyloric Injection of Botulinum Toxin
Botulinum toxin inhibits pyloric smooth muscle contractility by two mechanisms: 
inhibition of acetylcholine release and by direct smooth muscle inhibition at higher 
doses [104]. Multiple small observational studies have suggested that intra-pyloric 
botulinum toxin can improve gastric emptying and symptoms [105–108] in patients 
with diabetic and nondiabetic gastroparesis. In one retrospective analysis of almost 
150 patients (female gender, age <50 years, increased botulinum toxin dose), those 
with idiopathic gastroparesis responded better; 73.4% of evaluable patients had a 
clinical response to a second injection [109]. However, two sham-controlled trials 
of Botox were negative [110, 111].

 Complementary and Alternative Therapy

Many patients seek alternative therapy to help with their symptoms of gastroparesis. 
In a single-blinded, randomized study involving 19 patients with type 2 diabetes and 
symptoms of gastroparesis, 9 patients showed improvement in gastric half- emptying 
time following treatment with electroacupuncture [112]. Symptom scores also 
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improved significantly at the end of treatment as well as at 2 weeks. More studies 
are needed before recommending these modalities of treatment; however, given the 
chronicity of this illness, it is important to keep an open mind when patients choose 
alternative and complementary therapies.

 Conclusion

There is still considerable unmet need in the field of medical management of 
gastroparesis. Novel pharmacotherapy with prucalopride and relamorelin is 
promising, and endoscopic or laparoscopic interventions (considered elsewhere 
in this book) may change the landscape of therapeutic interventions for treatment 
of gastroparesis.
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70Endoscopic Management: Interventions 
at the Pylorus

Andrew T. Strong and Matthew D. Kroh

 Introduction

Gastroparesis is a functional disorder defined by delayed gastric emptying in the 
absence of mechanical obstruction and produces a myriad of symptoms for patients, 
including nausea, vomiting, early satiety, gastroesophageal reflux, abdominal 
 bloating, and chronic abdominal pain [1]. Classically, gastroparesis is divided by 
etiology into medication-induced, postsurgical, diabetic, and idiopathic etiologies. 
Recent work has also associated gastroparesis with a number of additional neuro-
logical and connective tissue disease processes [2–4]. Gastroparesis is a spectrum of 
disease states unified by similar symptoms and objective finding of delayed gastric 
emptying. The development of new technologies to dynamically assess gastric neu-
romuscular function, innervation, and integration has enabled an understanding of 
the carefully choreographed array of myoelectric impulses, mechanical end effect, 
and neurohormonal regulation that together accommodate a food bolus and promote 
forward propulsive forces to empty the stomach. Delayed gastric emptying arises 
from perturbations of this choreography, impairing gastric accommodation, produc-
ing hypomotility of the gastric antrum, and generating intermittent pylorospasm [4].

Over the past decade, the convergence of three parallel developments has abetted 
the development of endoscopic treatments for gastroparesis at the pylorus. First, 
accumulated evidence about the beneficial role pyloric disruption has to correct 
gastric emptying in gastric conduits used for esophageal reconstruction and in 
mechanical gastric outlet obstruction. Second, the era of natural orifice transluminal 
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endoscopic surgery (NOTES) ushered in a rapid development of new interventional 
endoscopic techniques and devices. And third is the renewed evidence that func-
tional irregularities of the pylorus, including pylorospasm, contribute to delayed 
gastric emptying in patients with gastroparesis. This chapter will examine clinical 
outcomes and the technical conduct of endoscopic techniques aimed at the pylorus 
for treatment of gastroparesis.

 Structure of the Pylorus

The pylorus is defined as the roughly 1.5–3 cm anatomic region between the distal 
antrum of the stomach and capacitive duodenal bulb, where longitudinal folds inter-
mittently occlude the lumen. Structurally, it is bound by the proximal pyloric loop 
and distal pyloric loops. The proximal pyloric loop is a flattened, oblique muscular 
ring located near the duodenal bulb along the lesser curvature of the stomach, cours-
ing several centimeters more proximal along the greater curvature. The distal pyloric 
loop is a more prominent muscle ring that restricts the lumen and defines the pyloric 
orifice. These two loops meet along the lesser curvature in the pyloric torus, a dis-
tinct ring comprised of a combination of fat, muscle, and a connective tissue. The 
collagenous component of this ring serves as the insertion of the longitudinal gastric 
muscle fibers, stabilizes the mucosa along the distal pyloric loop, and decouples 
myoelectric impulses from the stomach and duodenum [5].

 Changes to the Neuromuscular Structure and Function 
of the Stomach Associated with Gastroparesis

Better understanding of gastroparesis and dyspepsia as disease processes has 
allowed for improved delineation that gastric neuromuscular function plays in both 
the normal and pathological state. For instance, the central role that interstitial cells 
of Cajal (ICC) play in both idiopathic and diabetic gastroparesis differentiates those 
disease states from postsurgical gastroparesis. As our understanding of these 
 diseases has become more nuanced, disruption of particular sub-processes of gastric 
emptying has been associated with each etiology. As understanding increases, 
 physicians may be better able to assess disease progression and match therapeutic 
interventions to the disease state.

 Postsurgical Gastroparesis

A number of surgical procedures result in intentional or accidental vagal injury. 
Some examples include truncal, selective, and highly selective vagotomies, esopha-
gectomy, and various fundoplications. Alterations in gastric emptying were often 
noted following vagotomy for peptic ulcer disease. In an attempt to allay problem-
atic delays in gastric emptying, pyloroplasty was often performed prophylactically.
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Gastroparesis that results from vagal injury is marked by antral hypomotility 
and poor antroduodenal coordination. Surprisingly, migrating motor complexes 
(MMC) are still noted in post-vagotomy patients, which are supported by the con-
tinued histological presence of ICCs. Perhaps for this reason, gastric function is 
sometimes recoverable after vagal nerve injuries. However, the lack of vagal 
 cooperation with the MMCs and the duodenogastric reflex is more often irrevers-
ible. As a proportion of gastroparetic patients, a postsurgical etiology is explana-
tory in only a minority of patients, but poor motor function at the pylorus makes an 
attractive therapeutic target.

 Idiopathic Gastroparesis

Idiopathic gastroparesis comprises those patients without a clear surgical or diabetic 
history as a primary etiology for their gastroparesis symptoms. There is a significant 
proportion of patients who recall a viral prodrome prior to the onset of gastroparesis 
symptoms. Histological evaluation of gastric tissue from idiopathic gastroparetic 
patients reveals a significant loss of ICCs [6, 7]. Some patients with a viral prodrome 
will experience reversal of their symptoms spontaneously over 6–24 months, despite 
similar histologic evidence of ICC dropout while symptomatic. Among patients with 
idiopathic gastroparesis, dysrhythmias are more common when compared to postsur-
gical gastroparesis [8]. It is worth noting that patients who were previously catego-
rized as idiopathic have been found to have other causes for delayed gastric emptying, 
including several connective tissue and neurological  disorders [9].

 Diabetic Gastroparesis

In the United States, the incidence of diabetes is increasing rapidly. Chronic hyper-
glycemia that results from diabetes has systemic end-organ effects, including irre-
versible retinopathy, nephropathy, and neuropathy. Diabetic gastroparesis can be 
considered an enteric neuropathy that produces an array of perturbations in gross 
neuromuscular gastric function. While not all patients experience all manifesta-
tions, diabetic gastroparesis is marked by abnormal distribution of food particles 
within the stomach, impaired fundic relaxation, reduced incidence of antral conduc-
tion of MMCs, antral hypomotility and dilation, dysrhythmias, and smooth muscle 
cell (SMC) dysfunction [6, 10]. Increased resting pyloric tone and pylorospasm 
prematurely contract the pylorus, preventing peristaltic emptying [11]. Chronic 
hyperglycemia also reduces the prokinetic action of certain medications, making 
medical therapy challenging as well. Histological manifestations that underlie these 
changes include loss of ICCs, abnormal nerve termini, and abnormal connections to 
SMCs and other neurons [6, 10].

While hyperglycemia is likely responsible for these effects, differences exist 
between type 1 and type 2 diabetics [9]. In type 1 diabetes, gastroparesis generally 
occurs at a younger age and tends to produce more severe delays in gastric 
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emptying. Type 2 diabetics, on the other hand, are more likely to be obese, tend to 
have a longer duration of hyperglycemia prior to onset of gastroparesis symptoms, 
experience more early satiety, have milder delays in gastric emptying, and more 
likely to have gastric dysrhythmias. Gastric emptying may actually be accelerated 
early in the diabetes disease course in type 2 diabetics. Dysregulation of gastric 
neuromuscular function can produce erratic values in blood glucose as delays in the 
delivery of nutrients to the duodenum do not match insulin delivery, resulting in 
hypoglycemia [12]. This is more common in patients that use exogenous insulin.

 Indications for Pyloric Intervention

The mainstays of therapy for gastroparesis are initially antiemetic and prokinetic 
therapies, which are reviewed in Chap. 69. Unfortunately, due to either progressive 
disease or receptor downregulation or both, medications tend to loose efficacy over 
time. This is compounded by significant concerns regarding side effects for some 
medications used to treat gastroparesis [13]. With delayed gastric emptying, one or 
several of the sub-processes that together move mechanically digested food into the 
small intestine are altered. The principle of pyloric disruption is to maintain pyloric 
patency, removing pylorospasm as an obstructive pathology and rendering less sig-
nificant the poor peristaltic food convection.

The treatment of gastroparesis occurs within a multidisciplinary clinic at the 
authors’ institution. Patients with confirmed diagnoses of gastroparesis are gener-
ally trialed on medical therapies initially, as well as assessment and management of 
other associated comorbidities. If medical therapies produce undesirable side 
effects, lose efficacy, or are ineffective, collectively summarized as medically 
refractory, then referral is made to the surgical and surgical endoscopy providers for 
consideration of other therapeutic options. Patients with severe malnutrition are 
often referred earlier in order to establish enteral access to reach a minimum level 
of nutrition. The authors advocate that a diagnostic endoscopy precede any planned 
endoscopic intervention for gastroparesis to evaluate for other coincident patholo-
gies, such as peptic ulcer disease or gastroesophageal reflux, and to rule out mechan-
ical obstruction [14].

 Pneumatic or Hydraulic Dilation

Pneumatic or hydraulic dilation of the pylorus has only recently been explored scien-
tifically as a therapy for gastroparesis. Gourcerol and colleagues were the first to 
report on the effect of pyloric dilation in gastroparesis [15]. That study included 27 
patients with gastroparesis, 21 healthy patients, and 5 patients who had undergone 
esophagectomy with gastric conduit reconstruction but who had not had a pyloro-
plasty. Baseline measurement of pyloric resting pressure and compliance was per-
formed with an EndoFLIP® catheter (Crospon, Inc. Galway, Ireland), using impedance 
planimetry while fasting. For the ten gastroparetic patients with the lowest baseline 
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compliance, pyloric dilation was performed using a hydraulic balloon dilated to 
20 mm and 6.0 atmospheres of pressure. Impedance planimetry measurements were 
evaluated post procedure day 10 for these patients. All subjects completed the gastro-
intestinal quality of life index (GIQLI) prior to endoscopy and at follow-up. Their 
results confirm that gastroparesis is associated with decreased compliance (16.9 vs. 
25.2 mm2/mmHg, p < 0.05), but resting pressure was not different. Dilation was asso-
ciated with an increase in compliance from 7.4 ± 0.4 mm2/mmHg to 20.1 ± 4.9 mm2/
mmHg (p < 0.01). Dilation was also associated with significant decrease in t1/2 for 
gastric emptying and GIQLI score compared to baseline [15].

In 2016, Wellington and colleagues published a retrospective case series of 
patients with gastroparesis accrued over 10 years with no prior pyloric interven-
tions. Each of the patients included had normal gastric myoelectric activity 
(3.0 cycles per minute), as assessed by electrogastrogram. Patients either underwent 
injection with botulinum toxin A or balloon dilation to 20 mm at the pylorus. While 
78% of patients in their series responded to pyloric intervention, this was not strati-
fied to intervention [16].

These studies are insufficient to support any recommendation about pyloric dila-
tion as a treatment modality. However, since both studies include measurements of 
physiologic parameters of gastric function as part of their criteria, this underscores 
the need for further studies to help discriminate these patients and route them to 
appropriate therapeutic interventions. Potentially, pneumatic/hydraulic dilation 
may be most useful as a screening tool to determine what patients are most likely to 
benefit from more permanent pyloric disruption.

 Transpyloric Stenting

Self-expanding metal stents (SEMS) are composed of metal alloys, either with or 
without a polymeric covering for part or all of their length. Stents are constrained on 
a delivery catheter either delivered through or alongside the endoscope and then 
expand with deployment. Some stents can be delivered and deployed using only 
endoscopic guidance, while others require or benefit from fluoroscopic guidance. 
Some commercially available stents are approved for transpyloric application in the 
presence of malignant obstructions; however, transpyloric stenting for gastroparesis 
is off-label in most cases. A comprehensive review of stent technology is outside the 
scope of this chapter, but it has been reviewed elsewhere [17].

Clarke and colleagues made the first report of transpyloric stenting in gastropa-
retic patients [18]. In that series a through-the-scope double-layered, covered nitinol 
stent was placed across the pylorus under endoscopic guidance (Niti-S™, Taewoong 
Medical South Korea), with the proximal end within the gastric antrum. Each of the 
three patients experienced significant symptomatic relief and improvement of gas-
tric emptying studies at greater than 90-day follow-up. One of the patients experi-
enced stent migration requiring re-intervention and stent replacement.

Stent migration is the greatest challenge to transpyloric stenting, and retrieval 
may require deep endoscopic techniques and may not be possible endoscopically. 
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One case series reviewed 48 transpyloric stents placed in 30 patients, secured with 
endoscopic suturing (OverStitch®, Apollo Endosurgery, Austin, Texas), over the 
scope clip (OTSC®, Ovesco, Tubingen Germany), through the scope clip, or no 
fixation [19]. Endoscopic suturing was the best technique for securement in that 
series, with an average of two sutures placed per stent. However, nearly half (48%) 
of suture-secured stents still migrated [19]. Despite that, 75% of the patients expe-
rienced clinical improvement in symptoms, and 11 of 16 (68.8%) with post- 
procedural gastric emptying studies had an objective improvement in gastric 
emptying. This series is too small to ascertain what fixation technique is superior. 
Moreover, the OverStitch® device, currently the only endoscopic suturing device 
available in the United States, requires a double-lumen endoscope and represents an 
increased cost in consumable supplies for the case. Similarly, OTSC® clips are 
more costly single-use devices, and placement requires removal and reintroduction 
of the endoscope.

 Endoscopic Injection of Botulinum Toxin at the Pylorus

Early studies of botulinum toxin were driven by three factors. First, botulinum 
toxin had shown efficacy in relaxing the lower esophageal sphincter in achalasia 
[20]. Second, apart from establishing enteral access, endoscopic therapy for gas-
troparesis was relatively unexplored. And third was evidence that pyloric disrup-
tion aids gastric emptying for gastric interposition grafts when used for esophageal 
reconstruction.

Botulinum toxin A is one of seven biochemically distinct neurotoxins produced 
by the anaerobic bacteria of the Clostridium genus. Despite differences in polypep-
tide molecular structure, each of the botulinum toxins has the same net effect, bind-
ing to cholinergic peripheral nerves, preventing exocytosis of acetylcholine and other 
neurotransmitters [21, 22]. This produces a chemodenervation, but not cell death. 
Nanogram quantities of botulinum toxin can be fatal. Both botulinum toxin A 
(Botox®, Allergan, Dublin, Ireland, and Dysport® Ipsen Biopharmacetuicals, 
Binding Ridge, New Jersey) and botulinum toxin B (NeuroBloc®, Elan 
Pharmaceuticals, Dublin, Ireland) are commercially available.

At the pylorus, acetylcholine is released by both ICCs and vagal efferent neurons 
that collectively control antroduodenal coordination. Botulinum toxin is highly spe-
cific for these peripheral cholinergic nerves and produces smooth muscle paralysis 
following injection, reducing pyloric tone and allowing greater gastric emptying. 
The first report of pyloric injection of botulinum toxin in the pylorus as a treatment 
for gastroparesis was on six patients with diabetic gastroparesis [23]. Using a 25G 
injection needle, a total of 100 units of botulinum toxin A were injected in 4 quad-
rants of the pylorus. Each of the patients showed at least mild improvement in 
symptom scores at 2 and 6  weeks following injection. A 2-h solid-phase scinti-
graphic gastric emptying study was completed at 48 h and 6 weeks after injection, 
which were all also objectively improved from baseline [23]. A similar report was 
made shortly thereafter, including 10 patients with medically refractory idiopathic 
gastroparesis, and using 100 units of botulinum toxin A injected in the pylorus [24]. 
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Symptoms and gastric emptying both improved in that case series and were highly 
correlated [24]. A third publication that same year showed similar results of pyloric 
injection of botulinum toxin A, but authors used a higher dose of 200 units [25]. All 
three patients included in that series had symptom improvement; however, objective 
gastric emptying was improved in only two out of three patients included. Additional 
open-label studies followed that further confirmed these findings [26–28]. The use 
of 100 and 200 unit dosing reflects the size of the commercially available vials of 
Botox® (Allergan, Dublin, Ireland) used in each study.

Two randomized, double-blind, placebo-controlled trials followed these retro-
spective cases series. The first was performed in Belgium, and included 23 patients, 
with a crossover design [29]. All patients underwent endoscopic injection of 
100 units of botulinum toxin A or saline and then a second endoscopy with the other 
medication 4 weeks later. Symptoms were evaluated at baseline, 4 and 8 weeks with 
the Gastroparesis Cardinal Symptom Index (GCSI) [30], and subjects underwent 
gastric emptying study with a breath test at the same time points. There was symp-
tom improvement and objective improvement in gastric emptying with both treat-
ments, but the effects were not different statistically. A second study randomized 32 
patients to either saline or 200 units of botulinum toxin A injection at the pylorus 
[31]. GSCI and scintigraphic gastric emptying studies were performed at baseline 
and 4 weeks. An improvement in GCSI of ≥9 points was defined as a response. At 
4 weeks follow up, symptoms improved in 37.5% of the botulinum toxin group and 
56.3% of the saline placebo group (p = 0.29) [31]. Two-hour solid-phase scinti-
graphic gastric emptying time was statistically different from baseline in the botuli-
num toxin A (−16.3  ±  22.9%, p  =  0.02), but not different in the placebo group 
(−10.8 ± 20.6%, p = 0.08); these changes were not statistically different from each 
other (p = 0.052) [31]. These two negative results and prior case series were enu-
merated in a systematic review, which concluded that based on current evidence, 
botulinum toxin is not recommended as a treatment for gastroparesis [32].

Despite this, botulinum toxin continues to be used to treat gastroparesis. It is 
now recognized that poor patient selection partially accounted for negative results 
in the randomized controlled trials. Neither randomized controlled trial assessed 
for alterations in pyloric tone or function prior to randomization and thus likely 
included patients without this pathology [32, 33]. They were also both underpow-
ered to assess the conclusions they sought to investigate. A large retrospective case 
series was published in 2009 to attempt to ascertain what subgroups responded to 
botulinum toxin therapy [34]. They identified that a greater proportion of patients 
had symptom improvement with higher doses of botulinum toxin (54.2% at 
100 units, 76.7% at 200 units; odds ratio of 2.79, 95%CI 1.20–6.51) [34]. Further, 
most who had symptom improvement with a first injection had similar results with 
a second injection (73.4%) [34]. In their analysis, female gender, age less than 
50 years, and postsurgical gastroparesis etiology were favorably associated with 
symptom improvement [34]. This underscores that selectivity is warranted and 
greater study, likely in a prospective design, is needed [35]. Similar to hydraulic 
dilation of the pylorus and transpyloric stenting, injection of botulinum toxin may 
be best suited as a screening test for patients who would benefit from more perma-
nent pyloric disruption.
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 Peroral Endoscopic Pyloromyotomy (POP)

An accumulating amount of evidence exists for surgical pyloric disruption to 
 augment gastric emptying in gastroparetic patients [36–38]. Compared to the previ-
ously discussed therapies, the major advantage of pyloroplasty or pyloromyotomy 
is the durability of procedure. The endoscopic approach presents a less invasive 
approach compared to the open or even laparoscopic techniques.

The origins of peroral endoscopic pyloromyotomy (POP) can be traced to two 
other pyloric pathologies. Endoscopic pyloromyotomy has been reported as a ther-
apy for recalcitrant peptic strictures and hypertrophic pyloric stenosis in infants and 
been effective in reducing pyloric obstruction in small case series and case reports 
[39, 40]. In both cases, a linear mucosotomy was made, and the muscle fibers 
divided. The mucosotomy was not closed. Since those reports, per oral endoscopic 
myotomy (POEM) was introduced and is now widely regarded as an effective ther-
apy for esophageal achalasia, a disease marked by hypertonicity of the lower esoph-
ageal sphincter. The submucosal tunneling technique used in a POEM to approach 
the muscle fibers of the distal esophagus was first adapted to the pylorus by Kawai 
and colleagues in a pig model [41]. In these four pigs, the median resting pressure 
of the pylorus was immediately reduced by 63%, which was durable over 2 weeks 
duration. A nearly identical technique was outlined in a second study by Chaves 
et  al. [42]. Necropsy confirmed complete division of the circular muscles of the 
pylorus was achieved but noted two small perforations [42].

The first human application of submucosal tunnel used to complete an endo-
scopic pyloromyotomy was published by Khashab and colleagues [43]. While the 
authors introduced the term gastric peroral endoscopic myotomy (G-POEM), this 
procedure has since become known more commonly as peroral pyloromyotomy 
(POP), our preferred nomenclature. This initial case report detailed a female patient 
with diabetic gastroparesis from long-standing type 1 diabetes. She had previously 
responded to transpyloric stenting, but repeated stent migration had proven prob-
lematic. She was either not a candidate for or declined other surgical options. 
Following endoscopic pyloromyotomy, symptom improvement persisted for the 
12-week follow-up period despite little change in objective gastric emptying on 
repeat imaging [43]. This report was followed by a case report of successful perfor-
mance of endoscopic pyloromyotomy by a second group in a patient with postsurgi-
cal gastroparesis [44].

A few prospective series of POP therapy have been published since those case 
reports. Shlomovits et al. performed seven POP procedures including two patients 
with postsurgical gastroparesis and five patients with idiopathic gastroparesis [45]. 
The first six cases completed were performed simultaneous with another laparo-
scopic foregut operation, allowing not only laparoscopic observation of the POP 
procedure but the ability to intervene, laparoscopically if necessary [45]. There 
were two complications, one bleeding 2 weeks post procedure and the other pneu-
monia. Six patients had improvement in symptoms (85.7%). The patient that did not 
have symptom improvement with POP subsequently underwent a laparoscopic 
pyloroplasty and again failed to improve. At 3 months follow-up, four patients had 
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objective improvement or normalization of gastric emptying [45]. Other groups 
have published additional small case series [46–49]. The first multicenter trial was 
published in 2016 and included 30 patients across 5 centers [48]. These patients 
were split relatively evenly among the major gastroparesis etiologies (11 diabetic, 
12 postsurgical, 7 idiopathic). Two adverse events occurred, capnoperitoneum and 
gastric ulceration, each in one patient. The latter was attributed to patient failure to 
comply with post-procedural proton pump inhibitor therapy. At a median follow-up 
of 5.5 months, 26 patients had improved symptoms (86.7%). Only 17 had gastric 
emptying studies available, but 8 had normalized gastric emptying, and 6 had 
improvement in gastric emptying time.

Despite these promising early results, some caveats are necessary. First, endos-
copists that were already skilled in POEM procedures performed all of the POP 
procedures that have currently been reported. Fine control of the endoscope can be 
difficult in the distal stomach, which is why some authors position the mucosotomy 
along the greater curve, where the curvature of the stomach can help stabilize the 
endoscope. An overtube may be used for stabilization as well. A number of sizeable 
blood vessels also enter the distal antrum, mainly along the greater curve, and can 
be difficult to control, especially for the endoscopist not familiar with endoscopic 
control of hemorrhage within a submucosal tunnel. Finally, though the distal extent 
of the pylorus is often easily identified, the duodenum presents no clear demarca-
tion, and is thin-walled, presenting the possibility of injury [37].

 Technique: Peroral Endoscopic Pyloromyotomy (POP)

POP is performed in the operating room or in the endoscopy suite under general 
anesthesia. The patient is positioned supine on the table, general anesthesia is 
induced, and the patient is endotracheally intubated. Antibiotic prophylaxis is rou-
tinely administered, including coverage for enteric bacteria, anaerobes, and fungus. 
A standard length, high-definition, forward-viewing gastroscope is used, fitted with 
an oblique or tapered-tipped endoscopic dissection cap (Barrx™ RFA Cleaning 
Cap, Covidien, Mansfield, MA) secured with a tape. Carbon dioxide insufflation is 
used throughout the procedure. An electrosurgical generator (Vio® 300D, Erbe 
Elektromedizin GmbH, Tubingen, Germany) is used to apply energy for both cut-
ting and coagulation (Endo Cut effect 2 and Spray coag effect 2). A full diagnostic 
upper endoscopy is performed, with careful attention to pathology in the antrum, 
pylorus, and duodenum, as well as lavage and evacuation of the stomach if needed. 
A location for the mucosotomy is located 3–4 cm proximal to the pylorus. We prefer 
to select a site along the lesser curvature, though other publications also describe the 
use of a greater curvature site. The lesser curve position allows for the mucosa to 
reside below the scope in the tunnel, similar to the typical orientation in a POEM 
procedure. A mucosal lift is performed using an aliquot of a solution of 5–15 mL of 
1% methylene blue dye and 1 mL of 1:1000 epinephrine mixed in 500 mL of 0.9% 
sodium chloride (see Fig.  70.1a). A triangular tip knife (KD-640  L, Olympus, 
Tokyo, Japan) is used to make a transverse mucosotomy 1.5–2 cm in length using 

70 Endoscopic Management: Interventions at the Pylorus



832

cutting current. Use of a round-tip knife has also been described (DualKnife™, 
Olympus, Tokyo, Japan). The endoscope is advanced into the mucosotomy, and a 
submucosal tunnel is created with spray cautery to the point that the pylorus is visu-
alized and mobilized up to the duodenal bulb (see Figs. 70.1b, c, and 70.2a). The 
pylorus is divided completely using cautery in a retrograde manner back toward the 
stomach for 2 cm (see Figs. 70.1d and 70.2b). Following division of the pyloric 

a b

c d

e

Fig. 70.1 Steps of a peroral pyloromyotomy (POP). (a) Submucosal fluid injection to produce 
mucosal lift, located 3–4 cm proximal to the pylorus along the lesser curve of the stomach; (b) 
Entrance into the submucosal plane and beginning of submucosal tunnel; (c) Completion of 
submucosal tunnel and visualization of the muscle of the pylorus; (d) Division of the pyloric 
muscle to complete pyloromyotomy; (e) Closure of the mucosotomy with hemostatic through 
the scope clips

a b

Fig. 70.2 Intraprocedural image from peroral pyloromyotomy (POP): (a) Complete visualization 
of the pyloric muscle prior to division; (b) Completed pyloromyotomy seen from within the sub-
mucosal tunnel. (Images Courtesy of Dr. Matthew Kroh, Cleveland Clinic Foundation)
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muscle fibers, visual inspection of the pylorus is completed, and typically there is 
already an increase in the pyloric diameter. The mucosotomy is then closed with 
through-the-scope clips (see Fig. 70.1e).

 Post-procedure Management

Our protocol is to admit patients overnight, and they are kept nil per os after the 
procedure. On post-procedure day 1, a contrast-enhanced fluoroscopic upper gas-
trointestinal series is obtained to verify that there is no obstruction or leak. Following 
this, a clear liquid diet is introduced. The patient is advanced to a pureed diet prior 
to discharge and instructed to maintain this diet for 2 weeks. Proton pump inhibitors 
and sucralfate are maintained through the perioperative period and for 4  weeks 
postdischarge.

Gastroparesis is a challenging and increasingly prevalent disease with many 
options for treatment. The success of any technique is dependent on the etiology of 
the disease, and treatment failures are not uncommon. Endoscopic treatments for 
gastroparesis that target the pylorus are evolving techniques that hold promise in 
early studies. The success of these endoscopic treatments will depend on the con-
duct and reporting of larger series demonstrating efficacy and durability over the 
long term.
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 Introduction

Gastroparesis is a complex disorder and has a significant impact on quality of life, 
healthcare costs, and morbidity/mortality [1]. Diabetes is the most commonly rec-
ognized etiology of gastroparesis. Other etiologies include postsurgical, iatrogenic, 
connective tissue disorders and idiopathic gastroparesis. Symptoms of gastroparesis 
include nausea, vomiting, abdominal bloating, and pain. These symptoms can lead 
to poor oral intake and caloric and nutritional deficits. For patients with severe gas-
troparesis who are unable to maintain nutrition via oral intake, and those with nor-
mal small bowel function, a feeding tube not only helps maintain metabolic needs 
but also improves symptoms and reduces hospitalization rates [2]. Gastrostomy 
tubes can also be used for decompression for relief of symptoms and provide better 
quality of life [3]. This review describes endoscopic methods of providing enteral 
access for feeding and decompression in patients with gastroparesis.

 Endoscopic Feeding

Gastroduodenal dysmotility disorders are associated with weight loss, recurrent epi-
sodes of dehydration, and electrolyte disturbances. Enteral nutrition must be consid-
ered in patients with such disorders prior to parenteral routes. Enteral nutrition helps 
maintain mucosal integrity of the gastrointestinal tract and prevents bacterial translo-
cation. It is also cheaper and less morbid compared to parenteral nutrition. Refractory 
gastroparesis is a challenging disorder and is one of the most common indications for 
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post-pyloric feeding. Other indications for enteral post-pyloric feeding include 
severe acute and chronic pancreatitis, recurrent aspiration, severe gastroesophageal 
reflux, severe hyperemesis, and persistent nutritional compromise [4, 5] (Table 71.1).

Absolute contraindications for endoscopic enteral access include anatomic 
inability to perform an endoscopy (pharyngeal or esophageal obstruction), inability 
to bring the gastric/jejunal wall in apposition with the abdominal wall, and limited 
life expectancy of less than 4 weeks. Relative contraindications include coagulopa-
thy, severe cardiopulmonary illness, previous gastric surgery, and ascites [6].

Options for post-pyloric feeding (Fig. 71.1) include intraduodenal tube feeding, 
nasojejunal tube (NJ), percutaneous endoscopic gastrostomy tube with jejunal 
extension (PEG-J), direct percutaneous endoscopic jejunostomy (PEJ) tube, surgi-
cal jejunostomy tube, and radiologic assisted enteral access. Intraduodenal feeding 
is no longer routinely used secondary to significant reflux of feeds back into the 
stomach. It is also contraindicated in the settings of recurrent aspiration and pancre-
atitis [7]. In this chapter we will concentrate on endoscopic techniques for jejunal 
access.

 Nasojejunal Tube

Nasojejunal feeding trial should be the first step when initiating enteral feeds on a 
patient with gastraparesis [1]. Concomitant small bowel dysfunction may occur 
with gastroparesis and can be easily detected with a nasojejunal feeding trial. Being 
smaller in size compared to nasogastric tubes, NJ tubes cause less discomfort but 
clog more often, may get dislodged back into the stomach, and are not useful for 
decompression purposes.

NJ tubes can be placed manually, fluoroscopically, and endoscopically [8]. 
Manual placement involves the use of a 8–9 French tube with a guidewire and 
weighted tip. The technique of insertion is similar to that of a nasogastric tube. Post- 
pyloric passage is facilitated by placing the patient in a right lateral decubitus 
 position, air insufflation of the stomach, pH sensory feeding tube guidance, proki-
netic agents, and electromagnetic sensor-guided systems [7, 8]. The most significant 

Table 71.1 Indications and contraindications of endoscopic enteric/post-pyloric feeding

Indications Absolute contraindications Relative contraindications
Gastroparesis/outlet 
obstruction

Diffuse peritonitis Coagulopathy

Oropharyngeal malignancy Lack of gastric/jejunal 
apposition

Ascites

Neurologic disorders/
dysphagia

Limited life expectancy Severe cardiopulmonary illness

Recurrent aspiration/reflux Oropharyngeal obstruction Previous abdominal surgery
Pancreatitis Small bowel motility disorder
Persistent nutritional 
deficiency

Obesity
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complication of bedside, blind or semi blind placement of an NJ tube, relates to 
misplacement and failure to recognize misplacement. These include vocal cord 
injury, bronchopleural fistula, aspiration pneumonia, tracheal perforation, hydrotho-
rax, and mediastinitis [9]. Other complications of NJ tube placement are listed in 
Table 71.2. NJ tubes can also be placed with the help of endoscopy with a high suc-
cess rate (80–90%) [10].

 Techniques

 1. Through the scope technique: After placing a standard gastroscope or a thera-
peutic upper endoscope in the duodenum, a flexible unweighted 7–10 French NJ 
tube with a guidewire is advanced through a working channel and pushed deep 
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Fig. 71.1 Endoscopic-assisted percutaneous enteral access options: (a) Percutaneous endoscopic 
gastrostomy (PEG). (b) Percutaneous endoscopic gastrostomy with jejunal extension (PEG-J).  
(c) Direct percutaneous endoscopic jejunostomy tube (PEJ)
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into the jejunum, beyond the tip of the endoscope while simultaneously with-
drawing the endoscope. After withdrawal of the endoscope, the feeding tube is 
passed from the mouth to the nose with the help of a plastic device. A success 
rate of 90% has been reported with an average procedure time of 19 min [11].

 2. Push technique: A 12 French weighted flexible NJ tube is used with a 0.035 
guidewire inserted from the back but not beyond the tip of the tube. A separate 
Savary guidewire can be inserted in a similar fashion beside the previous guide-
wire to provide increased stiffness. A standard upper endoscopy is then per-
formed. With the endoscope in the stomach, the NJ tube is blind inserted via the 
patient’s nasal cavity. Once advanced to the stomach, the tip of the endoscope or 
a biopsy forceps can be used to direct the NJ tube toward the pylorus. After get-
ting past the pylorus, the NJ tube and the endoscope are advanced simultane-
ously; keep the tube 3–4  cm ahead of the endoscope, maintaining direct 
visualization of the tip of the tube. Once the tube is satisfactorily advanced, the 
endoscope is withdrawn taking care not to dislodge the NJ tube. The guidewires 
are then removed, and the NJ tube is secured externally. A success rate of 97% 
has been reported with a procedure time of 5–26 min [10].

 3. Pull technique: In the presence of a gastroscope in the stomach, a feeding tube 
with a suture attached at its tip is inserted via the patient’s nasal cavity. Once in 
the stomach, the suture is grasped with biopsy forceps to guide and “pull” the NJ 
tube to the correct location. A success rate of 80–93% has been reported for this 
method and about 15–50 min of procedure time. This procedure may often be 

Table 71.2 Complications of NJ tube placement [8, 10]

Nasopharyngeal complications Epistaxis
Nasal mucosal ulceration
Pyriform sinus perforation
Nasal trauma

Misplacement complications Pulmonary intubation
Tube feeding in pulmonary tree
Pneumothorax
Tracheobronchial trauma
Pulmonary aspiration
Tracheoesophageal fistula

Enteric complications Gastric perforation
Gastrointestinal bleeding
Duodenal perforation
Reflux esophagitis

Other complications Clogging
Dislodgement
Knotted tube
Arrhythmia
Empyema
Otitis media
Myocardial infarction
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challenging secondary to difficulty grasping the suture as it adheres to the side of 
the NJ tube in the stomach’s moist environment and difficulty releasing it after 
completion of the procedure [10, 12].

 4. Via nasal endoscopy/through the scope technique: A 6 mm endoscope with a 
3.2 mm instrument channel is inserted through the nose, advanced through the 
esophagus into the stomach. It is then advanced beyond the pylorus into the jeju-
num. Once in the jejunum, an 8 French feeding tube is advanced through the 
instrument channel into the jejunum. The endoscope is then withdrawn taking 
care that the feeding tube is not withdrawn from its desired location. This proce-
dure may be complicated by the presence of high gastric residue making visual-
ization through the small scope challenging. A success rate of 82% has been 
reported with a procedure time of 16–40 min [13].

 5. Over the guidewire technique: After placing an upper endoscope into the jeju-
num, a guidewire is inserted into the biopsy channel and advanced into the small 
bowel. While maintaining visualization of the wire and taking care not to dis-
lodge it, the endoscope is withdrawn. An oronasal transfer of the wire is then 
performed. Fluoroscopy is then required to ensure the appropriate positioning of 
the wire. A feeding tube is then advanced over the wire under fluoroscopy [12]. 
This procedure may also be performed with a nasal endoscopy and insertion of 
wire. Success rates of 82–93% have been reported [10].

 Post procedure Care

Following placement of the tube and confirmation of appropriate positioning, dilute 
feed may be started at low infusion rates. After ensuring that the patient is able to 
tolerate diluted infusions, feeds are gradually advanced to iso-osmolar preparations 
and slowly increased to goal infusion rate.

 Troubleshooting

Inadvertent removal of the NJ tube is the most frequently encountered complica-
tion, therefore evaluating for appropriate location of the tube must be a part of 
troubleshooting. A plain X-ray of the abdomen can be used to satisfactorily ensure 
proper location of the tube. The other most commonly encountered complication is 
a clogged tube. A clogged tube may be declogged using water flushes, enzyme 
instillation (Clog Zapper® CORPAK Medsystems), and mechanical declogging 
devices like the Bard Brush® or the Bionix DeClogger®. [14]

 Jejunostomy Tube

For patients requiring long-term (>30d) [15] enteral access, who are found to have 
normal small bowel function after a successful trial of nasojejunal feeding, a 
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jejunostomy feeding tube must be considered. It has been shown to improve symp-
toms and reduce hospitalizations in patients with gastroparesis [2]. Usually placed 
at 20–30 cm from the ligament of Treitz, a jejunostomy tube (J tube) may be inserted 
endoscopically, surgically (open or laparoscopic), and radiographically. In this 
chapter we will review the endoscopic methods of J tube placement. A J tube can be 
placed endoscopically either directly (percutaneous endoscopic jejunostomy, PEJ) 
or indirectly via a pre-existing or immediately placed gastrostomy tube (percutane-
ous endoscopic gastrostomy with jejunostomy extension, PEG-J).

Indications for placement of an endoscopically placed jejunostomy tube are sim-
ilar to those of a NJ tube but also include patients with surgically altered gastric 
anatomy. Contraindications are absolute, e.g., diffuse peritonitis and esophageal or 
pharyngeal obstruction, and relative, e.g., coagulopathy, prior laparotomies, and 
ascites.

 Percutaneous Endoscopic Gastrostomy

For placement of PEG-J, the patient must first have a prior gastrostomy. This gas-
trostomy may be a prior surgically (open or laparoscopic), radiographically, or 
endoscopically placed gastrostomy tube. If the patient does not have a prior gastros-
tomy tube, one will need to be placed for the purposes of placing a PEG-J. We will 
briefly review the different endoscopic techniques of percutaneous endoscopic gas-
trostomy (PEG) tube placement [6].

 1. Pull PEG technique: First introduced by Gauderer and Ponsky in 1980 [16], this is 
a commonly used method for gastric access. With the patient in supine position, in 
the presence of continuous cardiopulmonary monitoring, sedation, analgesics, and 
antibiotic prophylaxis is administered. The procedure is performed by an endosco-
pist and a bedside assistant. A diagnostic upper endoscopy is first performed, and 
the stomach is fully insufflated with the light pointing toward the anterior abdomi-
nal wall. Room lights are turned down to look for transillumination. Manual palpa-
tion of the anterior abdominal wall is performed to look for finger indentation of 
the stomach endoscopically. By the use of transillumination and finger indentation, 
an appropriate location for the PEG tube is chosen about a finger breath below the 
costal margin. Recommended site is on the anterior aspect of the stomach, proxi-
mal to the incisura and midway between the greater and lesser curve. Short-acting 
local anesthetic is used to infiltrate the skin at that location using a half-filled 
syringe and a small-gauge needle (23G). Following infiltration, the needle is 
slowly advanced, while suctioning on the syringe, toward the peritoneal cavity. 
There should be synchrony between aspiration of air in the syringe and the appear-
ance of the needle on the endoscopic camera with the bedside assistant and the 
endoscopist vocalizing “air” and “needle” synchronously. This method is known 
as the “safe tract” technique [17]. This allows confirmation of safe gastric access. 
The small-gauge needle is now taken out, and an incision approximately 1.5 times 
the diameter of the PEG tube is made. The endoscopist advances a polypectomy 
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snare and opens it at the anticipated entry site on the gastric wall. A large bore 
needle with a sheath around it is then inserted into the stomach. The snare is used 
to tightly encircle the sheath, and the needle is removed. A looped wire is inserted 
through the sheath. The sheath is then withdrawn, and the wire is tightly caught by 
the snare. The snare with the wire and the endoscope are now withdrawn together. 
Once brought out of the oral cavity, the looped wire is released from the snare, and 
the PEG tube is looped through it. Next, the assistant, while maintaining steady 
pressure around the skin puncture site, gently pulls looped wire out through the 
abdominal wall. The tapered end of the PEG tube emerges from the skin and then 
the tube. Reinsertion of the endoscope at this point is not mandatory but allows for 
confirmation of the location and tightness of the PEG tube. The polypectomy snare 
in the endoscope can be used to grasp the internal bumper as it is pulled by the 
assistant to facilitate reinsertion. This repeat endoscopy also allows to assess for 
hemostasis. The external bumper is then placed to secure the tube. Approximately 
1 cm gap should be allowed between the internal bumper and the mucosa and the 
external bumper and skin.

 2. Push PEG technique: This technique is similar to the “pull” method in terms of 
gaining access to the stomach using the “safe tract” technique. Following this, a 
stiff wire is introduced into the stomach and pulled out through the mouth. A 
gastrostomy tube is then advanced over this wire and “pushed” out through the 
stomach and abdominal wall. The endoscope is then reinserted to confirm ade-
quate positioning of the gastrostomy tube.

 3. Introducer PEG technique: First introduced in 1984, this tube uses the Seldinger 
technique to insert a balloon gastrostomy tube into the stomach [18]. The proce-
dure starts with a diagnostic endoscopy and identification of the ideal location 
for placement of the PEG tube by transillumination, finger indentation, and “safe 
tract” technique. Next, the area of choice is infiltrated with local anesthetic, and 
an incision for the passage of the PEG tube is made. A needle is advanced 
through this incision into the stomach, and a stiff wire is advanced into the stom-
ach. The needle is then withdrawn leaving in the wire. A dilator and then a sheath 
are then introduced over this wire under direct endoscopic vision. The sheath 
with the ballooned tube must be fully inserted into the stomach. The sheath is 
then peeled away from the tube and the balloon inflated. The tube is then secured 
in place. This technique has been shown to have a more complications including 
accidental dislodgement, surgical site infection, and gastrointestinal perforation 
[19] but can be performed with an endoscope without a biopsy channel or when 
an oropharyngeal obstruction prevents the “pull” or “push” of a PEG tube.

 4. Laparoscopic-assisted PEG (LA-PEG): This technique offers a minimally inva-
sive option for those patients in whom a PEG tube placement was not successful 
either because of lack of transillumination/good finger indentation or because of 
the inability to gain gastric access [20]. With the patient in a supine position, 
under general anesthesia, laparoscopy is begun with a 5 mm umbilical port. The 
abdomen is examined for reasons for unsuccessful PEG. An upper endoscopy is 
then performed, and the stomach is insufflated. The PEG is then inserted using 
the “pull” PEG technique under laparoscopic visualization [21, 22].
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 Postoperative Care

Following placement, the authors allow medication administration via the PEG 
immediately and for infusion of feeds 3 h after the procedure. Dry dressing is used 
on top of the external bumper to minimize soakage from any initial drainage, and 
tape is used as a mesentery to keep the tube perpendicular to the skin and relatively 
immobile. The tube is flushed before and after feeds to prevent clogging.

 Complications

The overall complication rate from PEG tube placement is low with the most com-
mon complication being infection. It varies from 5% to 25% in different studies [15, 
23]. Other common complications include tube dislodgement which occurs in up to 
12.8% of patients [24] and leakage around the tube. Some rare but major complica-
tions include bleeding (1%), aspiration pneumonitis, visceral perforation, or injury 
[15, 23]. Among the involved organs, colon and small bowel [25, 26] are most likely 
injured, rarely spleen and liver. Other complications of PEG tube placement are 
listed in Table 71.3.

Management of these complications depends on its severity and acuity. A rapidly 
spreading necrotizing infection or peritonitis with evidence of hollow viscus perfo-
ration may need an urgent operative intervention, but most PEG complications can 
be treated nonoperatively. Early dislodgement of the tube (<1–2 weeks) without 
peritonitis is managed by placing a nasogastric tube to suction, starting antibiotics, 
and attempting a PEG rescue [27]. Bleeding around the PEG site can be controlled 

Table 71.3  
Complications of PEG 
tube placement [6, 15]

Intraprocedural Bleeding
Cardiopulmonary compromise
Aspiration

Early Bleeding
Tube dislodgement
Wound infection/necrotizing infection
Visceral perforation/injury
Aspiration pneumonitis

Late Peristomal drainage
Tube dislodgement
Clogging
Tube degradation
Skin ulceration/granulation around PEG
Persistent gastric fistula after removal of 
PEG
Gastric outlet obstruction
Buried bumper syndrome
Gastrocolic fistula
Metastatic seeding
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by briefly tightening the external bumper to the skin or by placing a temporary 
U-shaped stitch to allow hemostasis. Buried bumper syndrome is defined as the 
extrusion of the head of the tube from the gastric lumen into the subcutaneous tis-
sue. This can further lead to leakage and infection around the surgical site as well as 
in the peritoneal cavity. It is managed by removing the PEG tube and allowing the 
gastrostomy to heal. Other rarer complications include gastrocolic fistula [28] which 
are managed by allowing the fistulous tract to mature and then removing the tube to 
allow for the tract to heal.

 Percutaneous Endoscopic Gastrostomy with Jejunal Extension 
(PEG-J)

A PEG-J tube can be placed as an extension to a previously placed PEG tube, or the 
existing PEG can be replaced completely with an “all-in-one” PEG-J kit with gas-
tric and jejunal ports. This PEG-J tube can be placed using several techniques [6, 
29]. Being smaller-caliber tubes, they are more prone to dislodgment and clogging 
when compared to larger bore PEJ tubes.

 1. A guidewire is inserted into the pre-existing PEG and guided beyond the pylorus 
and into the jejunum by the endoscope. The jejunal extension tube is then 
advanced over the wire under endoscopic visualization. Fluoroscopy may be 
used to help assess for appropriate positioning as well.

 2. Pull technique: Similar to a NJ pull technique, a jejunal tube with a string at its 
tip is advanced through a pre-existing PEG tube. The string is then grasped with 
biopsy forceps and advanced into the jejunum. Once it is positioned appropri-
ately, the strings are released, and the endoscope is withdrawn taking care not to 
dislodge the PEG-J tube. Clips may be used to secure the string to jejunal mucosa 
to prevent early dislodgement.

 3. Another technique uses a small-caliber endoscope through the pre-existing 
PEG. The endoscope is advanced into the jejunum. A wire is advanced into the 
jejunum through the working channel. The endoscope is then exchanged over the 
wire with the jejunal tube. Its final location is confirmed using fluoroscopy. This 
method was found to be a faster method and sometimes did not require conscious 
sedation [30].

 Percutaneous Endoscopic Jejunostomy (PEJ) Tube

Described by Shike et al. [31], a PEJ tube can be a durable enteral access for long- 
term feeding. The advantages offered by direct PEJ placement include longer dura-
bility compared to the PEG-J tubes and less invasiveness compared to surgically 
placed jejunostomy tubes. In comparison to PEG-J tubes, PEJ tubes have been 
found to have a longer patency, less migration and less re-intervention. It also pro-
vides similar patient satisfaction [29, 32, 33]. As with other forms of jejunal feed-
ing, PEJ tubes have also shown a trend toward decreased aspiration risks [32].
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Indications for a PEJ tube are similar to other indications for jejunal feeding. 
Specific indications include patients with possible need for an esophagectomy 
where the integrity of the gastric conduit needs to be preserved and a h/o prior gas-
trectomy [34]. Contraindications for PEJ tube placement are also similar to those 
for a PEG placement.

 Technique

PEJ tube placement can be performed under conscious sedation or with general 
anesthesia. Preprocedural prophylactic antibiotics are used. This procedure is 
commonly performed with a pediatric colonoscope but can be performed with a 
dedicated balloon or non-balloon enteroscope as well. PEJ placement uses the 
same principles of finger indentation, transillumination, and “safe-track” that are 
used for PEG placement. With an endoscope in the jejunum and an endoscopic 
snare ready, an appropriate site of puncture is selected using transillumination and 
finger indentation. The site is prepped and infiltrated with local anesthetic. A 
small-gauge needle is inserted at the selected spot. As soon as the needle is seen 
in the jejunum, it is snared tightly. A stab incision is made adjacent to the needle, 
and a larger bore needle with a sheath is inserted in the same track as the first 
needle. The snare is now transferred to the larger bore needle, and the first needle 
is removed. From this point on, the procedure follows a similar approach to the 
endoscopic pull PEG technique. Reinsertion of the endoscope to confirm location 
of the tube is not mandatory but may be performed at the operator’s discretion. 
Variations of this procedure include using a longer needle [35] and using ultra-
sound to help delineate the target loop of jejunum in cases where transillumina-
tion cannot be easily achieved [36].

Complications of PEJ tubes have been reported in ~2–6% of cases and include 
jejunal volvulus, necrotizing infections, bowel perforations, and bleeding. Obesity, 
previous abdominal operations, and ascites may decrease success rates and increase 
complications. Use of T-fasteners may decrease the risk of jejunal volvulus by pro-
viding additional fixation points [37].

 Endoscopic Gastrojejunostomy

The concept of creating a gastrojejunal bypass endoscopically to address the caveats 
of enteral stents for gastric outlet obstruction has been recently studied in humans 
[38]. Using endoscopic ultrasound and fluoroscopic assistance, the jejunum is 
located from the gastric lumen in order to advance a guidewire through a needle and 
create a tract for placement of a lumen-apposing metal stent.

Although a promising technique, this procedure is technically demanding and is 
still in its initial stages. It has only been studied in gastric obstruction (both malig-
nant and benign) and is yet to be studied in the context of gastroparesis. Among the 
present concerns are safety and long-term patency.
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 Decompression

Indications for enteric decompression include chronic small bowel obstruction, peri-
toneal and intraperitoneal malignancy, gastric outlet obstruction, and gastroparesis.

Severe gastroparesis has debilitating symptoms of abdominal distension, nausea, 
and vomiting. Lack of relief of these symptoms has a profound effect on patient 
weight and lifestyle. Gastrostomy tubes have been shown to provide excellent 
(90%) symptomatic relief when placed for decompressive purposes [3, 39]. Venting 
gastrostomy or venting enterostomy also reduce hospitalization rates [40, 41]. 
Decompressive gastrostomy tubes can be placed endoscopically, surgically, or 
radiographically. Endoscopic and radiographic gastrostomy offers a minimally 
invasive approach compared to surgical gastrostomy. Percutaneous radiographic 
gastrostomy placement has been shown to have a higher complication rate com-
pared to PEG tubes over a 30-day period [42]. A PEG-J tube with 28 French gastros-
tomy tube and a 8–10 French feeding jejunal extension can be used to simultaneously 
drain the stomach and feed the jejunum [43]. Techniques for placement of PEG and 
PEG-J tubes have already been discussed in this chapter.

In situations where an endoscopic or radiographic gastrostomy is technically dif-
ficult or not possible, percutaneous transesophageal access to the stomach or jejunum 
may be used for decompression. Percutaneous transesophageal gastrostomy (PTEG) 
tube was first described in 1998 [44] and is a promising option for decompression 
and feeding; however, this is not yet an FDA-approved method. Placement involves 
the use of ultrasound, fluoroscopy, and a balloon inflated in the cervical esophagus to 
help delineate anatomy. This is performed under intravenous sedation and local anes-
thetic, with the use of prophylactic antibiotics. Procedure begins with the passage of 
a wire through a nostril into the esophagus. A rupture free balloon is inserted into the 
esophagus via the nostril over the guidewire and then inflated with contrast. 
Fluoroscopy is used to position this inflated balloon above the clavicle. Under ultra-
sound guidance, an access site on the left side of the neck is selected. The left side of 
the neck is prepped and draped. A 22 gauge needle is used to access the balloon. A 
wire is then inserted through the needle into the balloon. The balloon and the wire are 
then advanced as a unit into the stomach. The wire is then retracted from the balloon 
and advanced into the stomach. The deflated balloon is then removed. The neck 
access to the esophagus is then dilated with a sheath and dilator over the wire, a cath-
eter is then advanced through the sheath into the esophagus and subsequently into the 
stomach or jejunum. The catheter is then sutured to the skin. The procedure time 
varied from 6 to 60 min [45]. A complication rate of 16–20% has been noted, includ-
ing an esophageal leak, a catheter dislodgement, and a tracheoesophageal fistula [45, 
46]. PTEG can also be performed under endoscopic guidance [47].

 Summary

Endoscopy is an invaluable tool in obtaining enteral access for nutrition and decom-
pression. What was limited to guiding feeding tubes into the gastrointestinal tract in 
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the 1970s, advanced to getting direct access to the stomach in the 1980s. Since then 
advancement in endoscopic and surgical techniques have allowed us direct access to 
the small bowel and allowed for innovative techniques like PTEG and endoscopic 
gastrojejunostomy (not FDA approved). This variety of endoscopic approaches to 
establish enteral access for nutrition and decompression establishes endoscopy as a 
vital adjunct to modern clinical practice.
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72Surgical Management: Gastric 
Neurostimulation

Brian Richard Davis

 Introduction

Symptoms of gastroparesis (GP) are non-specific resulting in misdiagnosis and low 
access to specialist care. The GP Cardinal Symptom Index (GCSI) is composed of 
postprandial fullness, early satiety, nausea, vomiting, bloating, and upper abdomi-
nal pain. Patients often present in a progressive state of malnutrition and dehydra-
tion with debilitation from repeat hospital admissions, serial courses of total 
parenteral nutrition (TPN), and frequent narcotic dependence.

Selection criteria for surgical therapy include presence of symptoms over a year, 
demonstrated delayed gastric emptying on radiolabeled studies at 2- and 4-hour 
intervals, and weight loss of between 5% and 10% of normal body weight. Gastric 
emptying scintigraphy is performed with 99 m technetium sulfur colloid-labeled 
egg sandwich with standard imaging at 0, 1, 2, and 4 hours. Delayed emptying con-
sistent with GP is defined as gastric retention of equal to or greater than 60% at 
2 hours and equal to or greater than 10% at 4 hours. Candidates for surgery must be 
carefully evaluated to exclude rumination syndrome, cyclical vomiting syndrome, 
and bulimia. Medication-induced GP should also be excluded resulting from nar-
cotic analgesics, anticholinergic agents, and some diabetes medications.

Classification of GP falls into three categories: diabetic, idiopathic, and postsur-
gical. Diabetics demonstrate a high prevalence of GP: reported in 40% of type 1 
and 10–20% of type 2. The 10-year incidence is reported as 5.2% in diabetes type 
1 and 1% in type 2. Pathology demonstrates depletion of the interstitial cells of 
Cajal that serve to regulate gastric slow waves in the stomach and pylorus. 
Idiopathic GP most commonly presents in young or middle-aged women with 
symptoms that overlap with functional dyspepsia. Symptoms can present follow-
ing viral prodrome suggesting a post-viral GP.  Complications of autonomic 
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neuropathy can lead to GP from infection with cytomegalovirus, Epstein-Barr 
virus, and varicella zoster. Pathology demonstrates chronic inflammation and infil-
tration of the gastric muscularis propria with polymorphonuclear cells. Postsurgical 
GP occurs in 10% of Nissen fundoplication cases with inadvertent injury to the 
vagus nerve. GP results in 50% of operations with known transection of the vagus 
to include Billroth I and II and vagotomy with pyloroplasty. Postsurgical cases 
respond best to pyloroplasty and gastrectomy.

 Surgical Management: Gastric Neurostimulation

Gastric neurostimulation (invented in 1963) currently has two manifestations result-
ing in differing results. High-energy stimulation has been utilized (up to four leads) 
to entrain slow waves of the stomach and improve gastric emptying. This pace-
maker function has become impractical for routine implantation secondary to 
extreme energy requirements. Gastric electrical stimulation (GES) has been 
approved for the treatment of gastroparesis (GP) by the FDA since 2000 
(Humanitarian Device Exemption). The Enterra Therapy System (Medtronic, 
Minneapolis, MN, USA) delivers high-frequency low-energy stimulation to the 
region of vagal afferent nerve fibers in the antrum of the stomach (Fig. 72.1). The 
stimulation pulse width is a few hundred microseconds, and frequency is three to 
four times higher than physiologic rates of gastric slow waves.

Fig. 72.1 Gastric 
electrical stimulator 
(GES) electrodes and 
pulse generator (Enterra, 
Medtronic, Minneapolis, 
MN, USA)
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The Worldwide Anti-Vomiting Electrical Stimulation Study [1], a double-blind 
crossover study, demonstrates significant reductions in weekly vomiting and 
improvement in total symptom scores in greater than 50% of patients. McCallum 
et al. [2] demonstrate the largest series with a 10-year follow-up where Enterra pro-
duces significant and sustained improvement in total symptom scores of patients 
with gastroparesis: 60% in diabetic GP, 59% in postsurgical GP, and 49% in idio-
pathic GP.  Investigators agree that diabetic GP represents the best indication for 
GES. Factors that impair response to GES include narcotic dependence, peripheral 
neuropathy, migraine headaches, menstrual cycle-driven vomiting, and 
endometriosis- induced abdominal pain. Proposed mechanisms include efferent 
vagal feedback to the thalamus that interrupts cyclical vomiting. Increased auto-
nomic/vagal function may result in improved gastric accommodation, capacitance, 
and relaxation following meals.

GES electrodes are implanted deep to the serosa and into the muscularis propria 
during laparotomy, laparoscopic, or robot-assisted surgery. Laparoscopic and 
robot- assisted techniques utilize port placements that facilitate triangulation to 
accurately suture leads into the antrum (Fig.  72.2). Two electrodes are placed 
10 cm proximal to the pylorus along the greater curvature of the stomach. Leads 
are sutured in place parallel to each other 1 cm apart (9.5 and 10.5 cm from the 
pylorus). The surgeon verifies lead placement with upper endoscopy to prevent full 
thickness mucosal perforation of the stomach. The leads (35 cm length) are con-
nected to a subdermal pocket containing a pulse generator that is programmed to 

Arm 1

Arm 2 Camera
12mm Assist
(This gets extended
to become battery
pack site for
Enterra)

Fig. 72.2 Robot-assisted and laparoscopic port configuration for GES electrode insertion
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standard parameters (5 milliamps, 14 Hertz, 330 microseconds, cycle on 0.1 sec-
ond, cycle off 5 seconds) using a handheld programmer (Model 7432 or Model 
8840, Medtronic, Minneapolis, MN, USA). Impedance (resistance between the 
two electrodes) at the time of electrode placement should be between 400 and 800 
Ohms to ensure delivery of adequate current. Voltage is adjusted approximately 
3 months after surgery to maintain a 5-milliamp current.

Complications of GES therapy include pulse generator subdermal pocket infec-
tion (6%), lead migration (1%), lead penetration into the stomach (3%), pulse gen-
erator migration (1%), and small bowel obstruction (1%). Other indications for 
repeat surgery for GP include total gastrectomy secondary to treatment failure (4%) 
and lack of symptomatic improvement (2%). Depleted pulse generator batteries are 
replaced every 10 years without changing electrodes.

GES demonstrates symptomatic relief of nausea and emesis without normalization 
of gastric emptying times on follow-up studies. Sarosiek et al. [3, 4] propose the addi-
tion of pyloroplasty (PP) to GES therapy with demonstration of an overall 64% 
improvement in gastric emptying times at 4 hours compared to 7% observed in GES 
alone. Davis et al. [5] demonstrate long-term results of simultaneous GES and PP with 
reduction in total symptom scores in 71% of GP patients and normalization of gastric 
emptying time in 60%. Combined simultaneous GES and PP leads to significant 
reductions hospital length of stay (LOS) and overall weight gain with no noted 
increased incidence of pulse generator infections. Robot-assisted approaches to simul-
taneous combined GES and PP are also described by Davis et al. [5] with demonstra-
tion of technical feasibility and significant contribution to decreased hospital LOS.

 Summary

 1. Postsurgical or idiopathic GP patients should be offered surgical or endoscopic 
PP as an initial option to improve gastric emptying.

 2. Symptomatic individuals presenting with primary nausea and emesis should be 
offered gastric electrical neurostimulation (GES).

 3. Individuals with gastric feeding intolerance manifested by cyclical nausea and 
emesis should have nutritional rehabilitation followed by combined GES therapy 
and PP that can safely be performed simultaneously.

 4. GP patients who have failed therapy with GES and PP should be prepared for a 
subtotal or total gastrectomy after nutritional rehabilitation to reduce periopera-
tive complications.
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73Surgical Management: Pyloroplasty

Benjamin R. Veenstra and Minh B. Luu

 Indications

 (a) Pyloroplasty is an excellent treatment modality for patients with gastroparesis, 
whether diabetic, idiopathic, or postsurgical. While numerous treatment modal-
ities exist, including gastric stimulator implantation and gastrectomy, pyloro-
plasty allows for effective treatment without precluding future treatment 
modalities.

 Patient Position and Port Placement

 (a) Patient setup and positioning is similar to that of laparoscopic anti-reflux sur-
gery (LARS) (see previous chapter). Both a standard supine and split leg con-
figuration can be used. In the standard configuration, the surgeon is positioned 
on the patient’s left side, along with the camera operator, while the first assistant 
is situated on the patient’s right. In the split leg configuration, the surgeon stands 
between the patient’s legs, while the first assistant is on the patient’s left, and 
the camera operator is on the patient’s right. We prefer the split leg configura-
tion as it allows for a more direct view of the pylorus by the surgeon and is 
ergonomically favorable for suturing.
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 (b) Monitors are placed at both sides of the head of the table, allowing for unob-
structed and convenient viewing for all parties.

 (c) Suction and irrigation connections come off the head of the table on the patient’s 
right, while electrocautery and insufflation connections come off the head of the 
table on the patient’s left. Special instruments include atraumatic Debakey 
(hunter) graspers, 5  mm needle drivers, park instrument, diamond-flex liver 
retractor, ultrasonic dissection device, and scissors.

 (d) Ideal port placement is dependent on triangulation of the pylorus, allowing for 
easy visualization as well as comfortable suturing. We place our camera in 
between the right and left working hand ports. Our preference for entry into the 
abdomen is via Veress technique in the left upper quadrant at Palmer’s point. 
Once insufflation is achieved, we OptiView in our designated camera port site.

 (e) With improved optics, a 5 mm port for the camera is sufficient, allowing pas-
sage of a 5 mm 30 ° laparoscope. The camera port is placed just off the left of 
midline, ~15 cm inferior to the xiphoid, akin to LARS placement. Placement of 
the camera too high risks awkward downward visualization and difficult angles 
for suturing, while a lower camera placement is usually better tolerated. Four 
more ports are placed to allow for adequate retraction and assistance. A 5 mm 
port is placed in the far right lateral subcostal region for the liver retractor. 
Another 5 mm port is placed ~ 5 cm inferior and right of the subxiphoid for the 
left working hand. A 10 mm port is placed in the left subcostal region for the 
right-hand working port to allow for easy passage of an SH needle. Finally a 
5 mm assistant port can be placed in the far left lateral subcostal region.

 Operative Technique

 Exposure and Identification of the Pylorus

 (i) Once visual entrance into the abdomen is achieved, the body of the stomach is 
identified. Following the lesser curvature of the stomach caudally leads the oper-
ator to the region of the pylorus. To aid in visualization, we place a self-retaining 
liver retractor through the right most lateral port to fully expose the pylorus and 
duodenum. Confirmation of the pylorus can generally be achieved by the use of 
a blunt instrument over the suspected region with a gentle sweeping motion, 
appreciating the fullness of the associated muscle. Alternatively, since endos-
copy is routinely used at the completion of the case for a leak test, the location 
of the pylorus can be confirmed in this manner as well.

 Placement of Stay Sutures and Orientation

 (i) With the pylorus identified, we place two stay sutures (2–0 Vicryl), one at the 
superior and another at the inferior boundary of the visualized pylorus (Fig. 73.1). 

B. R. Veenstra and M. B. Luu



859

These aid in retraction during pyloroplasty, as well as keep the proper orienta-
tion during transection of the pylorus.

 Transection of the Pylorus

 (i) Although numerous energy devices can be used to transect the pylorus, our pref-
erence is an ultrasonic dissection device. This device has the advantage of an 
easy “pop in” with the active blade of the device, as well as excellent hemosta-
sis. The key to an ideal transection is keeping proper orientation and dividing the 
pylorus at a completely perpendicular angle. To facilitate this, the assistant holds 
the superior stay suture and retracts this medially. The surgeon uses his/her left 
hand to grasp the inferior stay suture and retracts this laterally, while the right 
hand of the surgeon operates the ultrasonic device. While applying the “fast” 
setting of the device, the active blade is used to “pop” into the stomach, just on 
the gastric side of the pylorus. This is done in such a manner that the continued 
trajectory is directly in the middle of the exposed pyloric ring. Once the gas-

Fig. 73.1 Placement of 
stay sutures allows for easy 
retraction and orientation 
of the pylorus

Fig. 73.2 Use of 
ultrasonic shears for 
transection of the pylorus. 
Note the thickness of the 
muscle, requiring division 
in “packets” of tissue
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trotomy is made, subsequent bites of the pylorus are taken. Often, the pylorus 
needs to be taken in vertical “packets” due to its thickness (Fig. 73.2). The tran-
section is carried out through the entire pylorus and onto the duodenum for 
approximately 1–2 cm.

 HM Pyloroplasty

 (i) With the pylorus transected (Fig. 73.3), a Heineke-Mikulicz pyloroplasty is 
performed using 2–0 Vicryl sutures on an SH needle. We begin by placing two 
to three sutures in an interrupted fashion at the superior portion of the transec-
tion, bringing the horizontally oriented transection of the pylorus together in 
the standard vertical manner. These first sutures are tied down after each 
placement with care to dunk the mucosa. Two to three interrupted sutures are 
then placed at the inferior portion of the transection, also tying after each 

Fig. 73.3 Fully transected 
pylorus

Fig. 73.4 Partially 
completed pyloroplasty 
with final sutures placed 
prior to tying
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placement. Subsequent sutures are placed in an alternating manner between 
the superior and inferior portions of the transection. As the center is reached, 
the last five to six sutures are placed but not tied down immediately, allowing 
for accurate placement with secure bites of tissue (Fig. 73.4). Once all sutures 
are placed, the remaining sutures are tied down. Generally, spacing between 
sutures is 0.3 cm.

 Leak Test with Endoscopy

 (i) Once the pyloroplasty is completed (Fig. 73.5), we perform a leak test to ensure 
an airtight closure. The assistant performs endoscopy navigating the scope into 
the distal stomach. The surgeon uses the left-hand grasper to compress and 
occlude the duodenum distal to the pyloroplasty. The right-hand port is used to 
instill saline and to submerge the closure. Using insufflation on the scope, the 
integrity of the closure is tested. If any bubbles are noted, additional interrupted 
stitches are placed until an airtight closure is achieved.

 Postoperative Management

 (a) A nasogastric tube is not commonly left in place. IV antiemetics are used 
aggressively to minimize postoperative nausea and emesis.

 (b) An upper GI or other imaging studies are not routinely obtained unless clini-
cally warranted (unexplained tachycardia, change in exam).

 (c) Patients are started on a clear liquid diet the first postoperative day and advanced 
to a full liquid or pureed diet as tolerated. Patients remain on this diet for 1 week 
and advance to a soft diet at home. Advancement to an unrestricted diet is typi-
cally achieved 1 month postop.

 (d) Hospital stay is 2–3 days.

Fig. 73.5 Completed 
pyloroplasty
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 Postoperative Complications and Outcomes

 (a) Suture line leak is the most worrisome complication of laparoscopic pyloro-
plasty. However, the incidence of this in the literature is low, ranging from 0 to 
1.1% [1]. Depending on the timing of the leak, management may be operative 
or non-operative (percutaneous drain placement and NPO status). Overall mor-
bidity of the procedure is ~8% with a 14% readmission rate [2]. In addition to 
subjective improvement in symptoms, objective improvement has also been 
demonstrated. A significant decrease in the T1/2 on postoperative gastric emp-
tying scintigraphy has been found in multiple studies [3]. In conclusion, 
 laparoscopic pyloroplasty provides a safe and effective treatment modality for 
gastroparesis.
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 Introduction

Gastroparesis is a chronic disorder characterized by delayed gastric emptying in the 
absence of mechanical obstruction. The first-line treatment is dietary and lifestyle 
modification followed by medical therapy consisting primarily of prokinetic agents 
and antiemetics for symptom management. Management of gastroparesis is often 
frustrating for both physician and patient and is associated with significant morbid-
ity as well as large financial burden on the healthcare system.

Symptoms of gastroparesis are often difficult to distinguish from other abdomi-
nal complaints, and patients frequently have undergone multiple abdominal opera-
tions (fundoplication, cholecystectomy, etc.), which have failed due to not addressing 
the underlying issue of delayed gastric emptying.

The role of surgery in the management of gastroparesis is not very well defined 
with research studies ongoing. The majority of large society guidelines either fail to 
mention gastrectomy or include it as a passing afterthought [1, 2]. Surgical therapy 
is available for patients for whom medical management has been unsuccessful and 
includes venting gastrostomy, pyloroplasty, and gastric stimulators [3]. These less 
invasive surgical interventions that preserve normal anatomy should be considered 
prior to embarking on a larger surgical adventure such as gastrectomy. Patients with 
severe gastroparesis refractory to medical treatment can be thought of as having 
complete end-organ failure of the stomach. Often the best treatment for a nonfunc-
tioning end organ is removal of said organ; such is the case in gastroparetic patients 
and gastrectomy.
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 Preoperative Considerations

A complete workup for the diagnosis of gastroparesis including gastric emptying 
study is necessary to ensure correct diagnosis and management of these complex 
patients. EGD to assess for any mechanical sources of obstruction and to evaluate 
the stomach and esophagus are important. Preoperative imaging such as UGI and 
CT with oral contrast can be helpful to define anatomy, especially in the setting of 
prior abdominal surgery.

Many patients with gastroparesis referred for surgery may have severe nutritional 
deficiencies due to chronic nausea and vomiting. CBC, electrolytes, albumin, preal-
bumin, and LFTs are useful in identifying electrolyte abnormalities or the need for 
supplemental nutrition. Nutrition may be achieved by TPN or by enteral feeding via 
jejunostomy. As many patients with gastroparesis are diabetic, preoperative, intraop-
erative, and postoperative glycemic management is paramount. A significantly ele-
vated preoperative glycosylated hemoglobin (greater than10) warrants referral to an 
endocrinologist prior to surgery and close follow-up in the perioperative period.

Gastroparesis has historically been a disease of normal to underweight patients 
due to the decreased oral intake from symptoms. However, as the number of obese 
patients worldwide continues to increase, the number of obese patients suffering 
from gastroparesis rises as well. Currently there are a growing number of obese 
patients presenting with diabetic and idiopathic gastroparesis. For this subset of 
patients, gastric bypass offers the relief from their gastroparesis symptoms as well 
as the added benefit of weight loss. Understanding pre-, intra-, and postoperative 
management of obese patients is paramount. Patients should undergo comprehen-
sive preoperative multidisciplinary evaluation with attention to dietary and psycho-
logical issues that will impact the patient postoperatively. Obesity-related 
comorbidities such as HTN, diabetes, sleep apnea, COPD, etc. should be evaluated 
and treated prior to undergoing surgery. For obese patients with gastroparesis, we 
strongly recommend consultation with dietitian to assist with pre- and postoperative 
diet and nutrition concerns. Patients will need to be instructed on the requirement to 
take vitamin supplements as well as the importance of adequate protein intake and 
hydration for the duration of their life after surgery.

Obese patients often have fatty liver making exposure of the proximal stomach 
difficult during surgery. Because of this, it is advisable to place patients on a liver 
shrinking diet (high-protein liquid diet) for at least 2 weeks before surgery. As little 
as 5–10 pound weight loss can reduce the liver size thus facilitating a smooth and 
uncomplicated surgery. All patients undergoing surgery should receive pharmaco-
logical and mechanical DVT prophylaxis in the perioperative period.

Bhayani and colleagues found 100% of patients with retained gastric contents on 
intraoperative endoscopy despite 24–48 h of clear liquids and 12+ h of nil per os. 
This is not surprising given the nature of the disease. If a patient is able to tolerate 
an even longer period of liquid diet, this is advisable to decrease the chance of aspi-
ration at the time of surgery. The presence of likely retained gastric contents should 
be clearly communicated to the anesthesia team so they can take proper precautions 
against aspiration during intubation. We recommend assuming that all patients will 
have some degree of retained gastric contents and to proceed accordingly. Before 
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making any incisions, EGD with lavage can be utilized to remove any retained gas-
tric contents. Taking this into consideration, antifungal prophylaxis in addition to 
antibacterial prophylaxis may be warranted depending on the situation. All obese 
patients are given prophylactic blood thinners prior to surgery.

 Intraoperative Considerations

Patients can be positioned in either split leg position or supine depending on sur-
geon preference. We prefer split leg for better ergonomics when performing foregut 
procedures. Use of a beanbag, footboard, and secure strapping of the patient is 
essential to ensure the patient will not move when placed in steep reverse 
Trendelenburg position. As many of these patients have other obesity-related 
comorbidities such as hypertension, heart disease, etc., close communication with 
anesthesia is of utmost importance.

Entry to the abdominal cavity is achieved by the use of a Veress needle at Palmer’s 
point. However, it is important to note that given the vague nature symptoms associ-
ated with gastroparesis, many patients have undergone previous surgery, so great 
caution must be exercised with entry to the abdominal cavity.

After completion of pneumoperitoneum, a 30° laparoscope is inserted using a 
12 mm visual port 14 cm below the xiphoid just to the left of the midline. A com-
plete survey of the peritoneal cavity is performed. Additional ports are placed as 
follows: two in the LUQ and two in the RUQ approximately 8 cm apart in a V-shaped 
line with the camera port at the apex.

A Nathanson or other type of liver retractor is then placed centered over the cau-
date lobe to facilitate exposure of the proximal stomach.

The lesser sac is entered by entering the gastrocolic ligament in an avascular 
plane using ultrasonic shears or electrocautery. Care is taken to stay close to the 
stomach to avoid bleeding. Frequently adhesions between the pancreas and posterior 
wall of the stomach can hamper the dissection. These can be taken down using shears 
or electrocautery to better free the stomach. When dissecting up the proximal one 
third of the greater curve, it is helpful to grasp the anterior wall of the stomach and 
roll it laterally while also grasping the posterior side of the stomach. This exposes the 
proximal short gastric vessels. Exercise caution when retracting the fundus as excess 
traction can cause the fragile splenic capsule to tear and bleed. The greater curvature 
is then dissected-free laterally using ultrasonic shears all the way to the angle of His. 
At the completion of dissection, the left crus and hiatus should be visible.

Attention is then turned to the distal stomach, and the greater curve is taken down 
toward the pylorus. Firm anterior retraction of the stomach aids in duodenal dissection. 
The antrum is retracted toward the abdominal wall, and the duodenum is dissected off 
the head of the pancreas using endoshears. The duodenum only needs to be mobilized 
just past the pylorus. Typically the gastroduodenal artery marks the extent of the dissec-
tion, and the right gastroepiploic artery is identified at its takeoff from the GDA. The 
right gastroepiploic artery is isolated and divided between clips or vascular stapler load. 
Next retract the duodenum caudally, and visualize the right gastric artery anteriorly at 
its takeoff from the common hepatic. Once dissected- free, the right gastric is divided.
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We then turn our attention to creating the gastric pouch. Approximately 5–7 cm is 
measured distally from the GE junction along the lesser curve. The lesser sac is entered 
by using ultrasonic dissector to take down branches of the left gastric artery. A hori-
zontal fire of an appropriately sized 45 mm stapler load starts the creation of the pouch.

We prefer a stapled anastomosis using a 25 mm EEA stapler. After the horizontal 
fire of the 45 mm stapler, a gastrotomy is made on the anterior wall of the stomach 
using ultrasonic shears. The anvil of the EEA is then brought through the lower left 
port site after being attached to an 5 mm esophageal retractor. The anvil and esopha-
geal are then placed through the gastrotomy and proximal to the staple line. Using 
the esophageal retractor, an anterior gastrotomy on the pouch is made using electro-
cautery, and the anvil is brought out through the incision. The suture connecting the 
anvil and esophageal retractor is then cut and the retractor removed. It is important 
to only make a large enough enterotomy for just the tip of the anvil so as to not 
compromise the circular-stapled anastomosis. It is important at this time to remove 
all tubes from the mouth except for the ET tube. The gastric pouch is then com-
pleted using sequential fires of staple loads aiming at the angle of His. After the 
stomach pouch has been created, the remainder of the stomach should be detached 
and can be placed into an endocatch bag and moved to the side of the abdomen.

The table is taken out of reverse Trendelenburg position. The omentum is 
retracted cephalad thus exposing the transverse mesocolon. The transverse colon is 
retracted cephalad exposing the proximal jejunum, which is followed proximally to 
the ligament of Treitz.

Starting at the ligament of Treitz, 40 cm of jejunum is measured out. At this point 
the jejunum is stretched to the anterior abdominal wall to ensure the mesentery is 
long enough for the Roux limb to reach the stomach. If it is not long enough we 
proceed distally until a suitable section of jejunum is found. The jejunum is divided 
using an appropriately sized 60 mm staple load. The mesentery is divided until the 
small bowel can be brought up to the anterior abdominal wall. A stitch is placed on 
the distal jejunum to identify the Roux limb. In nonobese patients, a 75 cm Roux 
limb is measured out. In obese patient, a 150 cm Roux limb is created. Once the 
Roux limb has been measured, the biliopancreatic and Roux limbs are placed paral-
lel to each other and stay sutures placed approximately 1 cm away from another. 
Enterotomies are made using electrocautery on the antimesenteric border of each 
limb between the stay sutures. A 60 mm stapler is then placed into the enterotomies 
and fired. The staple line is inspected for hemostasis, and then a single stitch is 
placed across the middle of the enterotomy. The stay sutures are then elevated, and 
the common enteromy is closed with a fire of the 60 mm stapler. The mesenteric 
defect is closed using interrupted nonabsorbable suture.

The omentum is divided vertically using the ultrasonic shears. The Roux limb is 
brought into the left upper quadrant. Another stay suture is placed approximately 
2 cm proximal to the stay suture on the end of the cut bowel. An enterotomy is made 
using ultrasonic shears compromising approximately 50% of the bowel circumfer-
ence. The EEA stapler is then brought through the left-sided port. This port site 
often needs to be dilated manually with a Pean clamp prior to inserting the stapler. 
The stapler is then placed into the small bowel and the spike advanced at the antimes-
enteric border. The spike is then placed into the anvil and the stapler closed and 
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fired. The stapler is removed and excess jejunum resected with a 60 mm staple load. 
Staple lines are inspected for hemostasis. The Roux limb is then occluded with a 
bowel clamp and submerged with saline. An EGD is advanced into the stomach 
pouch into the Roux limb assessing for hemostasis, patency, and integrity. The scope 
is withdrawn into the pouch which is inflated with air, and the submerged areas are 
inspected for any bubbles which would indicate a leak. The scope is then removed 
after suctioning out the air. The stomach is then removed through the left lower 
quadrant incision. We recommend placing drains around the gastrojejunostomy.

The fascia of the left-sided incision is closed with a Carter-Thomason device. 
The remainder of the 10–12 mm ports do not need to be closed as the radially dilat-
ing trocars are used off the midline. Skin incisions are closed using subcuticular 
stitches of 4–0 absorbable monofilament suture and sterile dressings applied.

As with any gastric bypass or other foregut surgery, laparoscopic approach pro-
vides good visualization  for dissection and performance of the surgery. Robotic- 
assisted surgery can also be considered depending on surgeon preference.

If the patient has had a previous fundoplication, then it should be left intact at the 
time of gastrectomy and the anastomosis performed just distal to the fundoplication.

Although we describe removal of the gastric remnant, it is also feasible to leave 
it in place. If it is very large, a decompressing gastrotomy tube can be placed at the 
time of surgery. Depending on the patient’s nutrition status and ability to tolerate 
diet preoperatively, a feeding jejunostomy can be placed at the time of surgery as 
well to facilitate proper postoperative nutrition.

 Postoperative Care

Early ambulation after surgery is crucial in preventing DVT particularly in obese 
patients. Immediately after surgery, patients are instructed to use an incentive spi-
rometer. Heparin or lovenox is given for the duration of the hospital stay. If a Foley 
catheter was placed at the time of surgery it should be removed on POD 1. Patients 
are started on a non-carbonated, low caloric post-bariatric clear liquid diet on POD1. 
If they tolerate this diet, they are advanced to a full liquid diet upon discharge.

Long-term dietary goals include 50–80 g of protein/day as well as at least 64 oz. 
of water daily. Continued dietary counseling is helpful after surgery to help patients 
adjust to the new dietary restriction. Dietary supplementation with a multivitamin 
which includes  iron (ferrous fumarate or ferrous sucrate preferred due to better 
absorption post-bypass) and B12 is critical in these patients. Bypass patients are 
seen in follow-up at 2 weeks, 3 months, 6 months, and yearly to assess degree of 
weight loss and check labs.

 Complications

Early postoperative complications include intraluminal and extraluminal bleeds, 
anastomotic leak, intraabdominal abscess, bowel obstruction, PE, DVT, and wound 
infection. Late complications include bowel obstruction, internal hernia, marginal 
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ulceration, GI bleed, cholelithiasis, gastro-gastro fistula (if remnant stomach left in 
place), and vitamin deficiencies.

 Outcomes

One study found that despite careful patient selection, disease optimization, and 
preoperative preparation, 17% of patients undergoing gastrectomy for gastroparesis 
suffered major postoperative morbidity requiring surgical intervention [4]. 
Complications requiring reoperation were GJ/EJ leak, JJ leak, and duodenal stump 
leak. They also found a higher incidence of surgical site infection. 80% of patients 
with belching/bloating had improvement or resolution of their symptoms (Figs. 74.1 
and 74.2), 60% had improvement or resolution of nausea, and 50% of patients dem-
onstrated improvement or resolution of their chronic abdominal pain (Fig. 74.1).
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Fig. 74.1 Change in symptoms with preoperative abdominal pain (a) or nausea (b). (From: 
Bhayani et al. [4])
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4 (11)

Abdominal pain
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Any symptoms, n (%)

p valuePreoperative
score (median)

Postoperative
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Bloating

0.3a
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0.002a
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aWilcoxon signed-rank p value
bMcNemar’s p value

Fig. 74.2 Pre- and 
postoperative symptoms. 
(From: Bhayani et al. [4])

Conclusion
Gastroparesis remains a chronic disease with debilitating symptoms and often 
ineffective treatments. When medical  therapy and other less invasive surgical 
treatments fail, it is appropriate to consider gastrectomy if the patient continues 
to be symptomatic and is willing to accept the risks. Some studies have shown 
gastrectomy to be superior to gastric electronic stimulation in the treatment of 
gastroparesis [5]. Roux-en-Y gastric bypass with or without remnant gastrec-
tomy offers a safe, effective treatment for many patients with gastroparesis refrac-
tory to medical treatment.
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75Expert Commentary: Algorithm 
for the Treatment of Gastroparesis

Vic Velanovich

Gastroparesis is a vexing problem that is becoming increasingly common. 
Gastroparesis is more than just delayed gastric emptying. It is delayed gastric emp-
tying associated with symptoms. Delayed gastric emptying by itself does not require 
treatment. It is the symptoms of gastroparesis that require treatment. These symp-
toms include nausea, vomiting, bloating, abdominal pain, acid reflux, regurgitation, 
weight loss/malnutrition, and abdominal heaviness. Some patients will progress to 
a food fear. Improvement of gastric emptying may or may not be necessary to 
improve symptoms. In fact, it is common that patient-perceived symptoms correlate 
very poorly with objective measurements of physiological function. The focus of 
the clinician is symptomatic improvement.

Although diabetes is one of the most common causes, there are a variety of other 
causes (Table 75.1). It is very important to determine the cause of the gastroparesis 
because this will determine therapy. One must never fall into the trap that just 
because you have a hammer, the whole world is a nail. It is frequent that gastropa-
resis is the presenting problem for an underlying systemic disease. Treating gastro-
paresis in isolation of the systemic disease is doing the patient a disservice. The 
clinician needs to be aware and question the patient carefully for the associated 
symptoms that will provide clues that a systemic disease exists. If such symptoms 
exist, then appropriate referral to another specialist may be in order. The clinician 
evaluating patients with gastroparesis needs to develop a disciplined, systematic 
approach to their evaluation before embarking on treatment (Fig. 75.1).

The first issue that needs to be addressed is whether or not the symptoms are 
related to a surgically correctable cause (Fig. 75.1). Of the causes of symptoms sug-
gestive of gastroparesis, surgically correctable causes are mechanical obstruction, 
isolated gastroparesis, or postvagotomy or gastrectomy gastroparesis. Nonsurgically 
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correctable causes include gastroparesis associated with systemic diseases (e.g., 
neurological or infiltrative diseases), functional disorders (e.g., functional dyspep-
sia, nausea, irritable bowel syndrome, etc.), and psychogenic causes (e.g., eating 
disorders). Sadly, up to 30% of women with “idiopathic” gastroparesis have been 
sexually abused, and the emotional consequences of this abuse may need special-
ized care. One must not assume that the referring physician has done a thorough 
evaluation assessing for these causes. Once the nonsurgically correctable causes 
have been ruled out, the clinician then needs to evaluate the potential surgically cor-
rectable causes.

This first requires a careful evaluation for a mechanical cause of gastric outlet or 
downstream duodenal or jejunal obstruction. An esophagogastroduodenoscopy is 
not sufficient to rule out a mechanical cause as a mechanical obstruction, such as a 
tumor, may be present in the third or fourth portion of the duodenum or proximal 
jejunum. An upper gastrointestinal contrast series or computed tomographic scan is 
useful for this purpose. Once a mechanical cause is ruled out, the clinician can pro-
ceed with an evaluation of the presence of delayed gastric emptying with gastric 
emptying scintigraphy.

After documentation of delayed gastric emptying, the clinician needs to pinpoint 
the cause. First is to determine if the gastroparesis is related to prior gastric surgery. 
Postgastrectomy or postvagotomy gastroparesis generally can respond to medical 
and dietary management (Table 75.2). However, if it does not and the symptoms are 
severe, then completion of gastrectomy in the case of postgastrectomy gastroparesis 
or improved drainage in the case of postvagotomy gastroparesis may be 
considered.

Table 75.1 Causes of 
gastroparesis

Diabetes mellitus
Idiopathic
Upper gastrointestinal surgery
  Partial gastrectomy
  Vagotomy/vagal nerve injury
Systemic sclerosis
  Scleroderma
  Amyloidosis
  Systemic lupus erythematous
Ischemic-related
  Celiac axis stenosis
  Median arcuate ligament syndrome
Pan-gastrointestinal dysmotility
  Small bowel pseudo-obstruction
  Colonic inertia
Diffuse autonomic nervous system dysfunction
Other neurologic disorders (migraine, Parkinson’s)
Cyclical vomiting syndrome
Eating disorders
Medication-related
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Patient with symptoms of gastroparesis

History and Physical
Examination

Findings suggestive of
surgically correctable

cause

Findings suggestive of non-
surgically correctable cause

Assessment for
mechanical
obstruction

Refer for appropriate
medical management

Yes, treat
appropriately

No, confirm presence
of gastroparesis

Yes, determine if
related to prior gastric
surgery or vagal injury

No, refer for management
of functional GI disorder

or eating disorder

No, determine if
maximal medical and
deitary management
trials have been tried

Yes, consider near-
total gastrectomy

Yes, has celiac
vascular insufficiency

been ruled out

No, then either begin trial or
medical therapy or refer to

gastroeneterologist for
medical management

Yes, is gastroparesis diabetic or
idiopathic in orgin

No, consider vascular
duplex ultrasound of

celiac axis

Yes, consider gastric
neurostimulation with

or without
pyloroplasty

No, consider
pyloroplasty only

Vascular insufficiency due to celiac axis stenosis or
median arcuate ligament synrome present, consider

stent, endarectomy or median arcuate ligament
release

No vascular
insufficiency, go to

diabetic or idiopathic
decision node

Fig. 75.1 Algorithm for assessment and management of gastroparesis
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Once isolated gastroparesis in the intact stomach has been determined, then the 
clinician needs to determine if maximal medical therapy has been achieved. In addi-
tion to dietary counseling (Table  75.2), the organization G-Pact.org provides a 
cookbook of meals which are appropriate for patients with gastroparesis. However, 
most will require some type of medication. Firstly, the patient needs to be weaned 
off of narcotics, if he or she is using this medication for pain. Secondly, prokinetic 
and antiemetic medications may be used to ease symptoms. It is not the purpose of 
this chapter to go into detail as to medication options, but the clinician needs to be 
aware of them. Although endoscopic treatments, such as pyloric balloon dilation or 
injection of the pylorus with botulinum toxin, have been used, these have generally 
been found to be ineffective. I would not recommend endoscopic therapy for gastro-
paresis as a general rule, save for peroral endoscopic pyloromyotomy in a controlled 
setting.

A cause of gastroparesis that is becoming increasingly recognized is vascular 
insufficiency. My suspicion for this is particularly high in patients who have a sig-
nificant postprandial pain component to their gastroparesis. This can be evaluated 
with vascular duplex ultrasound to determine celiac axis stenosis or median arcuate 
ligament syndrome is present. I have increasingly used this test in my routine pre-
operative evaluation of gastroparesis. If vascular insufficiency is found, then it 
should be treated appropriately. Celiac axis stenosis needs to be referred to a vascu-
lar surgeon for either a stent or endarterectomy. If median arcuate ligament syn-
drome is present, then median arcuate ligament release should be considered before 
proceeding with treatment of the gastroparesis.

Once vascular insufficiency has been ruled out or treated, then the clinician needs 
to determine if the cause of the gastroparesis is from diabetes mellitus or idiopathic 
and not some other cause. This is a crucial distinction. The Food and Drug 

Table 75.2 Gastroparesis diet

Food groups Foods recommended Foods not recommended
Breads, cereal, 
and grains

White flour products
White rice
Grains <2 gm fiber

Whole grains, brown rice, popcorn, 
granola

Vegetables Most well-cooked or canned 
vegetables, potatoes, lettuce

Raw vegetables, cruciferous 
vegetables, corn

Fruits Most canned fruit, fruit juice without 
pulp, bananas, melon

Raw fruits, dried fruits, juice with 
pulp

Meat Well-cooked meat, poultry, fish, 
eggs, or soy foods

Fried meats, lunch meats, dry 
beans, nuts, peanut butter

Milk and milk 
products

Skim milk, soy milk, reduced fat 
cheese, yogurt

Whole milk, cream, regular ice 
cream, sour cream

Fats and oils Less than 3–5 servings/day of any 
oils

Most fats

V. Velanovich
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Administration has approved the gastric neurostimulator for only diabetic or idio-
pathic gastroparesis under the Humanitarian Device Exemption. The neurostimula-
tor should not be placed in any other circumstance. Also, there is data to suggest that 
continued use of narcotics for underlying pain will reduce the effectiveness of this 
device. It is my practice not to offer the gastric neurostimulator to patients who are 
taking narcotic pain medication. However, in patients who have gastroparesis from 
a cause other than diabetes or idiopathic, pyloroplasty can be considered. This is 
most commonly done as a laparoscopic pyloroplasty, but investigations into peroral 
pyloroplasty have shown promise. In patients with diabetic or idiopathic gastropa-
resis, gastric neurostimulation can be considered for patients whose primary symp-
toms are nausea and vomiting. However, it has been my experience that gastric 
neurostimulation is relatively ineffective in patients whose primary symptoms are 
pain and bloating. In those patients, I advised against a neurostimulator. In fact, I 
generally think of the neurostimulator as an antiemetic device rather than a proki-
netic device. Patients can have improvement in symptoms of nausea and vomiting 
with relatively little change in gastric emptying as measured objectively by gastric 
emptying scintigraphy. Occasionally, patients may also benefit from a pyloroplasty 
as an adjunct to neurostimulation.

With respect to post-implant patient care, expectations management is critical for 
success. Only about 25% of patients will notice symptomatic improvement imme-
diately. It is more common that patients will require multiple adjustments of what I 
refer to as the “electrical dosing.” The managing physician can make adjustments on 
the device in the following areas: voltage, pulse width (measured in microseconds), 
rate (measured in Hertz), time on (measured in seconds), and time off (measured in 
seconds). The voltage is converted to ampere depending on the resistance between 
the electrodes in the gastric wall. Although there is no official measure of electrical 
dosing, when one combines the units of the adjustable variables, the “unit of mea-
sure” is V-pulse-s/day. In practicality, however, this unit is not easy to measure. 
Usually, adjustments are made incrementally beginning with voltage, rate, time on, 
and time off. Pulse width, in general, has the least effect on effectiveness. The 
patient needs to understand that it may take several weeks to months to find the right 
“electrical dosing” which maximizes symptom relief at the least electrical dosing 
possible. The importance of this has to be with battery life—the higher the electric 
dosing, the shorter the battery life. In addition, patients need to understand that they 
may still require antiemetic and prokinetic medications. Nevertheless, despite care-
ful patient selection and diligent follow-up, about 20% of patients will not note any 
symptomatic improvement.

Patients need to be aware that gastroparesis is a fluctuating disease. Physiologic 
and emotional stress can lead to less symptomatic relief than desired. For example, 
any type of infection, either bacterial or viral, injury or surgery, hypothyroidism, 
hypoadrenalism, hyperglycemia, and even menses in female, can lessen the effects 
of the neurostimulator.
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 Conclusion
Patients with gastroparesis suffer tremendously. By the time they see the sur-
geon, they are usually at the end of their rope. However, it is incumbent on the 
clinician to provide a thorough evaluation. With this, the patients who can be 
helped with surgery can be sorted from the ones who cannot. The surgical 
approach is generally pyloroplasty or gastric neurostimulation. Despite careful 
selection, many patients will have persistent symptoms. However, most will have 
some measure of relief.

V. Velanovich
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Achalasia (cont.)
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163, 341
anatomy, 312–314
epithelial types, 314
histology, 313

Gastroesophageal reflux disease (GERD), 113, 
120, 161, 340

anatomy and physiology, 101
atypical symptoms, 98
classification, 98
clinical presentation, 102
endoluminal treatment for, 209–211
epidemiology, 102–103
esophageal length assessment, 163
esophageal pressure topography, 162–163
esophageal syndromes, 102
esophageal testing, 103–106
extaesophageal syndromes, 102
heartburn, 97
high-resolution manometry, 162
management, 149

antacids, 149
baclofen, 155
dietary modifications, 148
H2 receptor antagonists, 150
non-acid reflux disease, 156
nonerosive reflux disease, 156
in pregnancy, 155
prokinetics, 154–155
proton pump inhibitors, 151–154
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sucralfate, 150
tobacco cessation, 148
weight loss, 147

Montreal consensus definition, 101
mucosal injury, 101
Nissen fundoplication, 164, 165
patient position and room setup, 164
pH monitoring, 162
postoperative

care, 168
complications, 169
management, 168–169
outcomes, 170

regurgitation, 97
surgical indications, 106
symptom indices for, 78
Toupet fundoplication, 167–168
transient lower esophageal sphincter 

relaxation, 97
treatment, 103
trocar position, 164–165
typical symptoms, 97
upper endoscopy, 162

Gastrointestinal (GI) exam, 81–82
Gastrointestinal lymphangiomas, 575
Gastrointestinal stromal tumor (GIST), 

576–578
Gastrojejunostomy, 195, 736, 783, 846
Gastroparesis (GP), 184, 823, 837, 871

cause, 874
classification, 851
clinical presentation, 800
definition, 805
diagnosis, 801
differential diagnosis, 800
endoscopic management

decompression and feeding, 852
pylorus, 851

etiology, 798–799, 807
gastrectomy, 863

complications, 867–868
intraoperative considerations, 865–867
outcomes, 868–869
postoperative care, 867
preoperative considerations, 864–865

management
antiemetics, 814
botulinum toxin, intra-pyloric injection 

of, 815
complementary and alternative therapy, 

815
dietary interventions, 809–810
general measures, 808
neurosensory modulation, 815

pain, 815
prokinetic medications, 810–814

medical management, 851
neuromuscular structure and function, 824

diabetic, 825–826
idiopathic, 825
postsurgical, 824

nonsurgically correctable causes, 871–872
pathogenesis, 807

extrinsic, 807
intrinsic, 808

pathophysiology, 798
surgical management, 852–854
symptoms, 797, 805, 837
therapy, 826
treatment, 826
workup, 800–802

Gastroparesis Cardinal Symptom Index 
(GCSI), 829

Gastropexy, 92, 93, 244, 270, 271
Gastroplasty, 251, 252, 256
Gastroscopy, 305
Gastrostomy tube migration, 741
Ghrelin, 60, 61
Ghrelin receptor agonist, 814
Glomus tumors, 581
GP Cardinal Symptom Index (GCSI), 851
Graham patch, 734
Granular cell tumors, 580–581

H
H2 blockers, 125, 126
H2 receptor antagonists (H2RAs), 150, 151
Hayward’s conception, of junctional 

epithelium, 319
Heartburn, 97, 102
Heineke-Mikulicz pyloroplasty, 670,  

789, 860
Helicobacter pylori, 58, 62, 63, 623, 636, 644, 

653–655
Heller myotomy, 382, 565
Hemidiaphragm, 250, 278, 288
Hernia sac excision, 245
Heterotopic pancreas, 582
Hiatal closure, 219
Hiatal dissection technique, 179
Hiatal hernias, 91, 92, 231

anatomy of, 227
challenges during repair, 245
cura closure, 244
esophagus mobilization, 243
gastropexy, 244
hernia sac
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Hiatal hernias (cont.)
excision, 245
mobilization, 243
reducing contents, 243

intraoperative assessment, 178
intraoperative indications, 242
normal, 231
postoperative complications, 246
postoperative management, 245–246
postoperative outcomes, 247
preoperative indications, 241–242
robotics, 245
sliding, 233

Hiccough, 169
High-grade dysplasia (HGD), 375
Highly selective vagotomy, 735
High-resolution esophageal manometry 

(HRM), 70, 72
High-resolution esophageal motility, 26
High-resolution manometry (HRM), 29–31, 

162, 182, 396, 442, 519
Hill classification, 83
Hill’s repair, 92
Histamine, 56, 61
5HT4 receptor agonists, 813
Human papillomavirus (HPV), 335
Hypercontractile esophagus, 490
Hypercontractile esophagus (HE)

clinical presentation, 489
definition, 488
diagnosis, 489
endoscopic treatment, 490
epidemiology, 489
pathophysiology and pathogenesis, 489
pharmacological treatment, 490
prognosis and complications, 491
surgical treatment, 490

Hyperglycemia, 825
Hypertensive lower esophageal sphincter 

(HTN-LES), 504
barium esophagogram, 504
conventional manometry, 505
high-resolution manometry, 505
multichannel intraluminal impedance, 505

Hypomagnesemia, 152

I
Idiopathic gastroparesis, 825
Idiopathic ulcers, 656
Imipramine, 157
Inflammatory fibroid polyps, 583
Inflation pump, 136
Injury severity score (ISS), 291
Integrated relaxation pressure (IRP), 74

Intercellular edema, 113
Internal hernia, 701

bariatric surgery, complications after, 719
Interstitial cells of Cajal (ICC), 27, 824
Intestinal metaplasia (IM), 314, 329, 343, 376
Intra-abdominal pressure, 230, 276
Intraepithelial eosinophils, 113
Intralesional corticosteroid injection, 140
Intraluminal esophageal impedance testing, 75
Isosorbide dinitrate, 406

J
Jaboulay gastroduodenostomy, 672
Jaboulay pyloroplasty, 790
Jejunojejunostomy, 196
Jejunostomy tube, 841

K
Killian’s dehiscence, 525
Killian’s triangle, 14, 547–548
Killian-Jamieson diverticulum, 15

L
Laimer’s triangle, 14
Laparoscopic-assisted PEG (LA-PEG), 843
Laparoscopic Heller myotomy  

(LHM), 383, 507
Laparoscopic sleeve gastrectomy, 718
Laparoscopic transoral flexible endoscopic 

stapled pyloroplasty, 793
Laparoscopy, 290
Laparoscopy-assisted endoscopic full- 

thickness resection (LAEFR), 611
Laparotomy, 290
Larrey hernia (LH), 283
Laryngopharyngeal reflux (LPR), 106, 162

clinical presentation, 122–119
definition, 119
diagnosis

chest imaging, 124
dual pH probe with impedance 

monitoring, 124
esophagogastroduodenoscopy, 124
laryngoscopy, 123
pepsin detection, 125
pharmacotherapy, 125
pulmonary function tests, 124
reflux precautions, 125
Reflux symptom Index, 123

epidemiology, 120
history, 120
pathophysiology
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acid, 121
bile acids, 121
pepsin, 121

treatment
endoluminal, 126–127
epidermal growth factor, 128
lifestyle modification, 125
medical therapy, 126
surgical therapy, 127

Laryngoscopy, 123
Learning management system (LMS), 8
Leiomyomas, 573–574
Lipomas, 574–575
Long-segment Barrett’s esophagus  

(LSBE), 330
Lower esophageal sphincter (LES), 67, 97, 101

cause, 37–38
circular muscle, 37
computed tomography, 39
3D pressure profile, 38
esophageal ampulla, 30
high-resolution manometry, 29–30
inner muscle coat, 35
magnetic sphincter augmentation, 173
muscle bundles, 34
muscle fibers, 33, 35
muscular architecture, 36
physiologic interaction, 32
radial muscle thickness, 36
Stretta®, 202
videofluoroscopic images, 31

Low-grade dysplasia (LGD), 375, 376
Lumbocostal triangles, 274
Lumen-apposing biflanged metal stents 

(LAMS), 772
Lymph nodes (LNs), 53
Lymphatic drainage

diaphragm, 275
of stomach, 53

M
Macrolide antibiotics, 813
Magnetic sphincter augmentation (MSA)

complications
device erosion, 182
device removal and migration, 181
dysphagia, 180–181
gastroparesis, 184
intraoperative and perioperative, 181

device, 172
feasibility trial, 174
after implantation, 179
indications, 175, 188–189
LINX, 176

lower esophageal sphincter, 173–175
MSA device, 177
outcomes, 185

influencing factors, 188
single-arm observational studies, 

184–185
with fundoplication, 185–187

pivotal trial, 175
postoperative management, 179–180
preoperative evaluation, 176
Roman arch design, 172
surgical technique, 176–179

Malnutrition, 718
Maloney dilator, 138
Maloney dilators, 136, 139
Manometry, 105

diaphragmatic hernias, 237
Marginal ulcer, 199
MASTERS Program, 2, 4, 6–8
Mayo Dysphagia Questionnaire (MDQ), 110
Mechanical dilation, 135
Mechanical dilators, 132
Mediastinal dissection, 219
Medigus Ultrasonic Surgical Endostapler 

(MUSE™) system, 206, 207
Melatonin, 157
Mesenteroaxial rotation, 268
Mesenteroaxial volvulus, 268, 269
Metoclopramide, 154, 811
Mid-esophageal diverticula, 514, 548, 556

operative treatment, 558
per-oral endoscopic myotomy, 559
thoracoscopic approach, 558

pathophysiology, 557
postoperative management, 559
signs, symptoms, and diagnosis, 557–558

Minimal dissection technique, 176–179
Minimally invasive approaches, 589
Minimally invasive operative techniques, 550
Minimally invasive surgery, 506
Mitomycin C, 141
Mobilization, 243
Modern pneumatic dilators, 414
Modified Heineke-Mikulicz, 792
Morgagni hernias (MH), 233

clinical presentation, 283
indications for repair, 284
outcomes, 286
pathophysiology, 282–283
postoperative complications, 286
postoperative management, 286
techniques for repair, 284–286
work-up and evaluation, 283–284

Morgagni-Larrey hernia (MLH), 283
Moschel pyloroplasty, 790
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Motilin receptor agonists, 812
Motility disorders

barium esophagram, 68
POEM outcomes, 508
surgical myotomy outcome, 507

Mucosal injury, 101, 104
Mucosotomy, 448, 831
Mucus neck cells, 54
Multichannel intraluminal impedance 

(MII)-pH, 105
Multidetector computed tomogram  

(MDCT), 290
Multiple endocrine neoplasia type I  

(MEN I), 727
Myasthenia gravis, 26
Myoenteric migrating complex, 60
Myotomy, 17, 426

N
Nasojejunal (NJ) tube

feeding trial, 838
guidewire technique, 841
nasal endoscopy, 841
post procedure care, 841
pull technique, 840
push technique, 840
scope technique, 839
troubleshooting, 841

Nathanson liver retractor (NLR), 177, 194, 262
Neural innervation, 275
Neurokinin 1 (NK1) receptor antagonist, 814
Neuronal nitric oxide synthase (nNOS), 25
Nissen fundoplication, 94, 127, 163–167, 170, 

171, 185, 215, 253
Nitrates, 406
Nitric oxide, 808
Non-achalasia motility disorders, 508
Non-acid reflux disease, 156
Nonerosive disease, 99
Nonerosive esophageal reflux disease 

(NERD), 99
management, 156
sucralfate, 150

Nonsteroidal anti-inflammatory drugs 
(NSAIDs), 635, 637, 647, 692

Nutcracker esophagus (NE)
clinical presentation, 503
diagnosis

ambulatory pH monitoring, 506
barium esophagogram, 504
conventional manometry, 505
high-resolution manometry, 505

Nutritional deficiency, 690–691

O
Obesity, 229
Oblique muscles, 35
Oesophagocardiomyotomy, 381
Omentum, 866
Open transcervical diverticulectomy, 539
Opioids, 815
Optical chromoendoscopy, 360
Organoaxial rotation, 268, 740
Organoaxial volvulus, 268
Oropharyngeal flora, 21
Over-the-wire (OTW) balloon dilation, 137

P
p53, 344
Pancreatic adenocarcinoma, 742
Pancreatic rests, 582
Pancreatitis, 740
Paraesophageal hernia (PEH) repair, 232, 235, 

236, 242, 250, 269, 299
absorbable mesh

complications, 306–307
cost, 306
impact on recurrence, 305–306
types, 304

3-D model, 260
hiatal hernia recurrence, 307
principles, 299
randomized controlled trials, 302–303, 307
synthetic mesh reinforcement

complications, 301–304
cost, 301
impact on recurrence, 300–301
types, 300

Parasympathetic innervation, 52
Parietal cells, 54, 56, 58
Pars costalis, 274
Pars flaccida, 219, 221
Pars lumbaris, 274
Pars sternalis, 274
Partial fundoplication, 565
Partial gastrectomy, 710
Partially covered self-expanding metal stents 

(PCSEMS), 140
Patient-controlled analgesia (PCA), 197
PEG, see Percutaneous endoscopic 

gastrostomy (PEG)
PEG-J, see Percutaneous endoscopic 

gastrostomy with jejunal extension 
(PEG-J)

Pepsin, 61, 121
Pepsinogen, 61
Peptest, 125
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Peptic ulcer disease (PUD), 643, 695, 696
causes, 725
classification, 637–638
clinical manifestation, 638
complications, 656–657
diagnostic workup, 639–640
endoscopic evaluation, 725
environmental risk factors

medications, 647
smoking, 647

epidemiology, 636
etiology and management, 726–727
exposure, 664
gastric outlet obstruction, 657, 736, 739, 

779, 784
H. pylori infection, 653–655
hemorrhage, 735–736
history of evolution, 633
idiopathic, 656
intractability, 737
management

H. pylori treatment, 648
hormonal causes, 650
medications, 650
patient comorbidities, 650

medical therapy, 709
NSAIDs, 655
outcomes and complications, 665
pathogenesis, 636–637
pathophysiologic risk factors

hormonal factors, 646
infection, 644–646
patient comorbidities, 646

perforation, 656–657, 734–735
port placement, 663
postsurgical management, 665
prevention, 650
surgery, 727–730, 734

evolution, 628
management, 632, 663
therapy, 624
treatment, 675–676

treatment, 632
vagotomy techniques, 665

Percutaneous endoscopic gastrostomy  
(PEG), 270

complications, 770, 844–845
introducer technique, 843
laparoscopic-assisted, 843
outcome, 770
patient preparation, 766
patient selection, 766
postoperative care, 844
pull technique, 842–843

push technique, 843
technique, 767–769

Percutaneous endoscopic gastrostomy with 
jejunal extension (PEG-J), 845

Percutaneous endoscopic jejunostomy (PEJ) 
tube, 845–846

Peripheral nerve ablation, 210
Peristalsis, 28

esophageal, 67
Per oral endoscopic myotomy (POEM), 384, 

467–468, 474, 487, 508, 559, 832
Peroral endoscopic pyloromyotomy (POP), 770

origins, 830
post-procedure management, 833
preoperative planning, 831
prospective series, 830

Persistent dysphagia, 456
Pharyngeal constrictor muscle, 18
Pharyngoesophageal diverticula, 547
Pharyngoesophageal junction, 13
Phosphodiesterase inhibitors (PDE), 406–407
Photodynamic therapy (PDT), 356

complications, 369
efficacy, 368
technique, 368

Phrenoesophageal ligament, 276
Phrenoesophageal membrane, 227, 229
Plastination process, 22
Pleuroesophageal membranes, 22
Pleuroperitoneal folds, 226, 273
Pneumatic balloon dilation, 487
Pneumatic dilation, 414

balloon dilator, 414–415
complications, 417
endoscopic steps, 416–417
goal, 414
patient selection and outcomes, 416
rigid dilators, 414

Pneumonia, 255
Pneumatic balloon dilatation, 466
Pneumoperitoneum, 566
Polypropylene, 300
Polytetrafluoroethylene (PTFE), 299, 300
Polyvinyl formaldehyde sponge, 299
POP, see Peroral endoscopic  

pyloromyotomy (POP)
Postganglionic neurons, 25
Postgastrectomy syndromes, 710

afferent loop syndrome, 717
alkaline reflux gastritis, 716
delayed gastric emptying, 714–716
differential diagnosis, 713
dumping syndrome, 712
gastric remnant carcinoma, 717
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Postgastrectomy syndromes (cont.)
malnutrition, 718
management, 720
post-vagotomy diarrhea, 714
roux limb stasis, 717

Postsurgical gastroparesis, 824
Post-vagotomy diarrhea, 714
Potassium, 56
Potentially malignant submucosal tumor, 576

carcinoid tumors, 579–581
gastrointestinal stromal tumors, 576–578
glomus tumors, 581

PPI-responsive esophageal eosinophilia 
(PPI-REE), 115

Pretracheal fascia, 20
Prokinetic, 154
Prokinetic agents, 716
Prokinetic medications

dopamine, 811–812
efficacy and safety, 811
Ghrelin receptor agonist, 814
5HT4 receptor agonists, 813
motilin, 812–813

Prostaglandins, 62
Proton pump inhibitors (PPIs), 58, 99, 104, 

109, 114, 125, 126, 139, 156, 654, 
726

gastroesophageal reflux disease, 151
Proximal escape, 67
Proximal pyloric loop, 824
Pseudopolyp, 361
Psychiatric disease, 800
PUD, see Peptic ulcer disease (PUD)
Pulmonary function tests, 124
Pulsion diverticula, 514, 547
Pyloric loop, proximal, 62
Pyloromyotomy, 793–794, 830
Pyloroplasty, 670, 735, 783, 850, 875

camera port, 858
for emptying, 627
ideal port placement, 858
indications, 669, 857
laparoscopic technique

modified Heineke-Mikulicz, 792
transoral flexible endoscopic stapled, 

793
monitors, 858
operative technique

Circular Stapled, 791–792
Finney, 790
Heineke-Mikulicz, 789, 860
Jaboulay, 790
leak test with endoscopy, 861
Moschel, 790

open techniques, 787
preoperative plans, 789
pylorus exposure and identification, 

858
stay sutures and orientation placement, 

858
transection of pylorus, 859

patient setup and positioning, 857
postoperative

complications and outcomes, 794, 862
management, 794, 861

pyloromyotomy, 793–794
suction and irrigation connections, 858

Pylorospasm, 84
Pylorus, 62, 83

botulinum toxin, 828–829
exposure and identification, 858
indications for, 826
peroral endoscopic pyloromyotomy (see 

Peroral endoscopic pyloromyotomy 
(POP))

pneumatic/hydraulic dilation, 826–827
structure, 824
transection of, 859
transpyloric stenting, 827–828

R
Radial muscle thickness, 36
Radiofrequency ablative (RFA) therapy, 351, 

359, 372, 375, 376
complications, 355
device technology, 352
outcomes, 355–356
postoperative management, 354–355
surgical technique, 352–354

Radiography
diaphragmatic hernias, 235
traumatic diaphragmatic hernias, 289

Radionucleotide esophageal testing, 76
Randomized controlled trials (RCTs), 418
Receptive relaxation, 60
Recurrent dysphagia, 460
Recurrent laryngeal nerve (RLN), 15
Redo fundoplications, 218
Reflux chest pain syndrome, 102
Reflux esophagitis, sucralfate, 150
Reflux finding score (RFS), 123
Reflux symptom Index (RSI), 123
Refractory peptic ulcer disease, see Peptic 

ulcer disease (PUD)
Refractory strictures, 139
Regurgitation, 97, 102
Relax esophageal smooth muscle, 506
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Reoperative surgery, of hiatus
clinical evaluation and management, 

216–217
history and physical exam, 217–218
imaging and interventions, 218
repeat operations, 221
technical components, 219–221

Reoperative thoracotomy, 256
Resection and reconstruction, 779

advantages, 780
disadvantages and complications, 780–783

Retropharyngeal space, 21, 22
Revisional surgery, 466–467
Robotic surgery, 383–384, 611
Robotic-assisted thoracoscopic surgery 

(RobATS), 591
Rostral DMN (rDMN), 26
Roux limb stasis, 717
Roux stasis syndrome, 702
Roux-en-O configuration, 701
Roux-en-Y gastric bypass (RYGB), 193, 218, 

718
defects closure, 196
drains, 196
fundoplication, previous, 197
gastrojejunostomy, 195–196
hiatal hernia, 197
jejunojejunostomy, 196
leak test, 196
operative technique

gastric pouch creation, 195
liver retraction, 194
pneumoperitoneum establishment, 194
trocar placement, 194

patient positioning and room setup, 194
postoperative complications and 

management
anastomotic leak, 198
bleeding, 199
bowel obstruction, 198
marginal ulcer, 199
stricture, 200

Roux-en-Y reconstruction, 782
Billroth conversion, 699
gastrectomy, 698
gastrointestinal anastomosis, 695
indications

bile reflux, 697–698
elective and emergent surgery, 696
gastrectomy reconstruction, 697

postoperative complications, 700
anastomotic or staple line leaks, 700
cholelithiasis, 703–704
hemorrhage, 700–701

obstruction and hernias, 701
roux stasis syndrome, 702
Roux-en-O configuration, 701–702
ulcer, 702–703

S
Savary dilator, 134
Schatzki’s ring, 70
Schwannomas, 575
Scleroderma, 27
Selective serotonin reuptake inhibitors 

(SSRIs), 157
Selective vagotomy, 630, 632, 670
Self-expanding metal stents (SEMS), 827

complications, 762
outcomes, 762
patient preparation, 760
patient selection, 759
technique, 760

Septum transversum, 226, 273
Short-segment Barrett’s esophagus (SSBE), 

330
Single-incision laparoscopic surgery (SILS), 

610
SmartPill™, 80
Smooth muscle relaxants, 483
SMT, see Submucosal tumor (SMT)
Sodium porfimer (SP), 368
Somatostatin, 56, 61
Squamocoluminar junction (SCJ), 19, 31, 237, 

261, 311
Squamous epithelium, 98
Squamous overgrowth, 360
Stenting

complication, 765
outcome, 764
patient preparation, 764
patient selection, 762
technique, 764

Stomach, 83
appetite control, gastric implication in, 60
arterial blood supply, 50, 51
gastric acid secretion, 55–56

intracellular signals, 56–58
medical and surgical approaches, 

58–59
gastric digestion, 59
gastric motility, 59–60
gastrin, 60–61
ghrelin, 61
histamine, 61
innervation, 52–53
layers, 50, 51
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Stomach (cont.)
ligaments, 49
lymph node stations, 53
lymphatic drainage, 53
lymphatic node stations, 53
non-acid gastric secretion, 59
oxyntic area, 54
pepsin, 61
prostaglandins, 62
pyloric area, 54
segmental division, 49, 50
somatostatin, 61
venous drainage, 52

Stomal ulcers, 702–703
Stress ulcers, 646
Stretta®, 127, 202–204, 210–212
Stricture dilation, 134
Submucosal tumor (SMT), 571, 603

advanced techniques
hybrid approaches, 610–611
reduced port, 610
robotic-assisted surgery, 611

endoscopic ultrasound, 572
esophagogastric junction tumor, 607
gastric fundus/antrum, 608
nonneoplastic lesions, 581

brunner gland hamartoma, 583–584
duplication cysts, 581–582
inflammatory fibroid polyps, 583
pancreatic rests, 582–583
varices, 583

posterior wall, 608
postoperative

complications, 611
management, 611

prepyloric/antral, 609
surgical

approach, 604
equipment, 606
goal, 604
techniques, 606

Submucosal tunneling technique, 448, 830
Subtotal gastrectomy, 624
Sucralfate, 150, 151, 362, 656
Surface layering, 112
Surgical multimodal accelerated recovery 

trajectory (SMART), 4, 5
Surgisis®, 305
Sympathetic innervation, 52
Symptom association probability (SAP), 77, 

105
Symptom index (SI), 77, 105
Symptom sensitivity index (SSI), 77
Symptomatic tumors, 603

Synthetic mesh erosion, 305
Synthetic mesh reinforcement, paraesophageal 

hernia repair, 300–301
Systematic reviews and meta-analyses 

(SR&MAs), 307

T
Tachykinins, 814
Tantalum, 299
Tapentadol, 815
Teflon pledgets, 304
Thoracoscopic myotomy, 434
Thoracotomy, 291
Through-the-scope (TTS) balloon dilation, 

136, 755–756
Timed barium esophagram (TBE), 441
Timesh®, 300
Total gastrectomy, 710

Billroth I, 710
Billroth II, 712
Roux-en-Y, 712

Toupet fundoplication, 167, 170, 430
Traction diverticulum, 513
Transdiaphragmatic pressure, 288
Transhiatal diverticulectomy, 569
Transient lower esophageal sphincter 

relaxation (TLESR), 97, 98
Transnasal endoscopy, 342
Transoral fundoplication, 211
Transoral incisionless fundoplication (TIF), 126
Transpyloric stenting, 827–828
Transthoracic hiatal hernia repair

indications, 249–250
postoperative

care, 254–255
complications, 255–256
outcomes, 256–257

preoperative evaluation, 250–251
technique, 251–253

Traumatic diaphragmatic hernias, 288
clinical presentation, 289
complications, 293
etiology, 287
incidence, 287–288
indications for repair, 290
laparoscopy, 290
outcomes, 294
pathophysiology, 287
postoperative management, 293
radiographic imaging, 289–290
techniques for repair, 290–293

Traumatic intrapericardial diaphragmatic 
hernias, 291
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Triangle of Larrey, 274
Triangle of Morgagni, 274
Tricyclic antidepressants (TCAs), 157, 815
Truncal vagotomy, 627, 710, 735
Tuttle test, 76
Type 1 and 2 diabetics, 826
Type III paraesophageal hernia, 104

U
Ulcer

bariatric surgery, complications after, 719
perforation, 696

Ultrasonography, 519
Unroofing technique, 619
Upper esophageal sphincter  

(UES), 12–14, 17, 120

V
Vagal innervation, 52, 62, 230
Vagotomy, 710, 728

advantages, 780
disadvantage, 780
indications for, 669
postoperative

complications, 673
management, 672
outcomes, 674

Vagotomy techniques, 665
Vagus nerves, 663
Varenicline, 148
Vascular insufficiency, 874
Venous drainage, stomach, 52
Video-assisted thoracoscopic surgery  

(VATS), 591
Visick score, 217
Volvulus, 740

W
Wedge fundectomy, 219, 221
Weerda diverticuloscope, 530
Weighted dilators, 133
Weighted mechanical dilators, 133
Wire-guided dilators, 134
Wire-guided through-the-scope  

(TTS) balloon, 137
Witzel technique, 93
Wrap failure, 216, 217, 264

Z
Zenker’s diverticulum (ZD), 14, 514, 517

definition, 525
diagnosis, 527, 538
differential diagnosis, 526
epidemiology and clinical  

manifestations, 537
flexible endoscopic techniques, 539–542
outcomes, 543
pathology, 537
patient history and physical findings, 527
rigid endoscopic management, 539
surgical management

approach, 530
diverticulum resection and mucosal 

repair, 532
endoscopy and dilator  

placement, 529
mobilizing diverticulum, 531
outcomes and complications, 534
patient position, 530
postoperative care, 533
preoperative decision-making, 528

surgical techniques, 539
treatment, 538

Zollinger-Ellison syndrome (ZES), 726
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